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® MOTOROLA 


LINEAR AND INTERFACE 
INTEGRATED CIRCUITS 


This publication 
presents technical 
information 
for the broad line of Linear and Interface Inte- 
grated Circuit products. 
Complete 
device specifications 
are provided 
in the form of Data Sheets 
which are categorized 
by product 
type into ten chapters for easy reference. Selector 
Guides by 
product 
family 
are provided 
in the beginning 
of each Chapter to enable quick comparisons 
of 
performance 
characteristics. 
A Cross Reference chapter 
lists Motorola 
direct replacement 
and 
functional 
equivalent 
part numbers 
for other industry 
products. 


A chapter 
is provided 
to illustrate 
Package Outline 
and mounting 
hardware 
drawings, 
and 
includes 
information 
on Surface 
Mount 
Devices (SMD), and Industry 
Package Cross Reference 
Guide. 
Additionally, 
chapters 
are provided 
with 
information 
on Quality 
program 
concepts, 
high- 
reliability 
processing, 
and abstracts of available 
Technical 
Literature. 
The information 
in this 
book 
has been carefully 
checked 
and is believed 
to be accurate; 
however, 
no responsibility 
is assumed for inaccuracies. 


Motorola 
reserves the right to make changes without 
further 
notice to any products 
herein to 
improve 
reliability, 
function 
or design. 
Motorola 
does not assume any liability 
arising out of the 
application 
or use of any product 
or circuit 
described 
herein; 
neither does it convey any license 
under 
its patent 
rights 
nor the rights 
of others. 
Motorola 
and ® are registered 
trademarks 
of 
Motorola, 
Inc. 


Motorola, 
Inc. general 
policy 
does not recommend 
the use of its components 
in life support 
applications 
wherein 
a failure 
or malfunction 
of the component 
may directly 
threaten 
life or 
injury. 
Per Motorola 
Terms 
and Conditions 
of Sale, the user of Motorola 
components 
in life 
support 
applications 
assumes all risks of such use and indemnifies 
Motorola against all damages. 
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In the Cross 
Reference 
Section 
of this chapter, 
a 
complete 
interchangeability 
list linking 
over 
3000 
devices is offered by most major Lir.ear Integrated Cir- 
cuits manufacturers 
to the nearest equivalent 
Motorola 
device. 
The 
"Motorola 
Direct 
Replacement" 
column 
lists devices with identical pin connections 
and package 
and the same or better electrical 
characteristics 
and 
temperature 
range. 
The 
"Motorola 
Similar 
Replace- 
ment" 
column 
provides 
a device which 
performs 
the 
same function but with possible differences 
in package 
configurations, 
pin connections, 
temperature 
range or 
electrical 
specifications. 
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AM26LS31 
Quad EIA-422 Line Driver with 
Three-State Output 
7-10 
AM26LS32 
Quad EIA-42213 Line Receiver 
with Three-State Outputs 
7-13 
CA3054 
Dual Differential Amplifier 
9-7 
CA3059 
Zero Voltage Switch 
4-8 
CA3079 
Zero Voltage Switch 
4-8 
DAC-08 
High-Speed 8-Bit Multiplying 
D-to-A Converter 
6-5 
LF347 
Family of BIFET Operational 
Amplifiers 
2-14 
LF351 
Family of BIFET Operational 
Amplifiers 
2-14 
LF353 
Family of BIFET Operational 
Amplifiers 
2-14 
LF355,B 
Monolithic JFET Operational 
Amplifier 
2-16 
LF356,B 
Monolithic JFET Operational 
Amplifier 
2-16 
LF357,B 
Monolithic JFET Operational 
Amplifier 
2-16 
LF411C 
Low Offset, Low Drift JFET 
Input Operational Amplifier 
2-26 
LF412C 
Low Offset, Low Drift JFET 
Input Operational Amplifier 
2-26 
LF441C 
Low Power JFET Input 
Operational Amplifier 
2-29 
LF442C 
Low Power JFET Input 
Operational Amplifier 
2-29 
LF444C 
Low Power JFET Input 
Operational Amplifier 
2-29 
LM11,C,CL 
Precision Operational Amplifiers 
2-37 
LM101A 
General Purpose Adjustable 
Operational Amplifier 
2-44 
LM108,A 
Precision Operational Amplifiers 
2-48 
LM109 
Positive Voltage Regulator 
3-15 
LM111 
High Performance Voltage 
Comparator 
2-53 
LM117 
3-Terminal Adjustable Positive 
Voltage Regulator 
3-20 
LM117L 
Low-Current 3-Terminal 
Adjustable Positive Voltage 
Regulator 
3-28 
LM123,A 
3-Ampere, 5 Volt Positive 
Voltage Regulator 
3-36 
LM124 
Quad Low-Power Operational 
Amplifier 
2-59 
LM137 
3-Terminal Adjustable Negative 
Voltage Regulator 
3-42 
LM139,A 
Quad Single-Supply 
Comparators 
2-65 
LM140,A 
Three-Terminal Positive Fixed 
Voltage Regulators 
3-49 
LM148 
Quad MC1741 Operational 
Amplifier 
2-69 
LM150 
3-Terminal Adjustable Positive 


I 


Voltage Regulator 
3-65 
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LM158 
Dual Low-Power Operational 
Amplifier 
2-75 
LM193,A 
Dual Comparators 
2-81 
LM201A 
General Purpose Adjustable 
Operational Amplifier 
2-44 


LM208,A 
Precision Operational Amplifiers 
2-48 
LM209 
Positive Voltage Regulator 
3-15 
LM211 
High Performance Voltage 
Comparator 
2-53 
LM217 
3-Terminal Adjustable Positive 
Voltage Regulator 
3-20 
LM217L 
Low-Current 3-Terminal 
Adjustable Positive Voltage 
Regulator 
3-28 
LM223,A 
3-Ampere, 5 Volt Positive 
Voltage Regulator 
3-36 
LM224 
Quad Low-Power Operational 
Amplifiers 
2-59 
LM237 
3-Terminal Adjustable Negative 
Voltage Regulator 
3-42 
LM239,A 
Quad Single-Supply 
Comparators 
2-65 
LM248 
Quad MC1741 Operational 
Amplifier 
2-69 
LM250 
3-Terminal Adjustable Positive 
Voltage Regulator 
3-65 
LM258 
Dual Low-Power Operational 
2-75 
Amplifier 
LM285 
Micropower Voltage Reference 
Diodes 
5-4 
LM293,A 
Dual Comparators 
2-81 
LM301A 
General Purpose Adjustable 
Operational Amplifier 
2-44 
LM307 
Internally Compensated 
Monolithic Operational 
Amplifier 
2-86 
LM308,A 
Precision Operational Amplifiers 
2-48 
LM309 
Positive Voltage Regulator 
3-15 
LM311 
High Performance Voltage 
Comparator 
2-53 
LM317 
3-Terminal Adjustable Positive 
Voltage Regulator 
3-20 
LM317L 
Low-Current 3-Terminal 
Adjustable Positive Voltage 
Regulator 
3-28 
LM317M 
Medium-Current3-Terminal 
Adjustable Positive Voltage 
Regulator 
3-73 
LM323,A 
3-Ampere, 5 Volt Positive 
Voltage Regulator 
3-36 
LM324,A 
Quad Low-Power Operational 
Amplifier 
2-59 
LM337 
3-Terminal Adjustable Negative 
Voltage Regulator 
3-42 
LM337M 
Medium-Current 3-Terminal 
Adjustable Negative Voltage 
Regulator 
3-81 
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LM339,A 
Quad Single-Supply 
Comparators 
2-65 
LM340,A 
Three-Terminal Positive Fixed 
Voltage Regulators 
3-49 
LM348 
Quad MC1741 Operational 
Amplifier 
2-69 
LM350 
3-Terminal Adjustable Positive 
Voltage Regulator 
3-65 
LM358 
Dual Low-Power Operational 
Amplifier 
2-75 
LM385 
Micropower Voltage Reference 
Diodes 
5-4 
LM393,A 
Dual Comparators 
2-81 
LM833 
Dual, Low Noise, Audio 
Operational Amplifier 
2-91 
LM2900 
Quad Single-Supply 
Operational Amplifier 
2-197 
LM2901 
Quad Single-Supply 
Comparators 
2-65 
LM2902 
Quad Low-Power Operational 
Amplifier 
2-59 
LM2903 
Dual Comparators 
2-81 
LM2904 
Dual Low-Power Operational 
Amplifier 
2-75 
LM2931 
Low Dropout Voltage 
Regulators 
3-88 
LM3900 
Quad Single-Supply 
Operational Amplifier 
2-197 
MC8T26A 
Quad Three-State Bus 
Transceiver 
7-16 
MC8T28 
Noninverting Bus Transceiver 
7-21 
MC8T95 
Hex Three-State Buffer/Inverter 
7-26 
MC8T96 
Hex Three-State Buffer/Inverter 
7-26 
MC8T97 
Hex Three-State Buffer/Inverter 
7-26 
MC8T98 
Hex Three-State Buffer/Inverter 
7-26 
MC26S10 
Quad Open-Collector Bus 
Transceiver 
7-48 
MC75S110 
Dual Line Driver 
7-176 
MC1330 
Low-Level Video Detector 
A1P 
9-9 
MC1330 
Low-Level Video Detector 
A2P 
9-9 
MC1350 
IF Amplifier 
9-15 
MC1374 
TV Modulator Circuit 
9-19 
MC1377 
Color Television RGB to PAU 


NTSC Encoder 
9-27 
MC1378 
Complete Color TV Video 
Overlay Synchronizer 
9-31 
MC1391P 
TV Horizontal Processor 
9-35 
MC1403,A 
Precision Low-Voltage 
Reference 
5-8 
MC1404,A 
Precision Low-Drift Voltage 
Reference 
5-12 
MC1408 
8-Bit Multiplying Digital-to- 
Analog Converter 
6-15 
MC1411 
Peripheral Driver Array 
7-30 
MC1412 
Peripheral Driver Array 
7-30 
MC1413 
Peripheral Driver Array 
7-30 
MC1414 
Dual Differential Voltage 
Comparator 
2-96 
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MC1416 
Peripheral Driver Array 
7-30 
MC1436,C 
High-Voltage Operational 
Amplifier 
2-100 
MC1437 
Dual Operational Amplifier 
2-104 


MC1439 
High-Slew-Rate Operational 
Amplifier 
2-108 
MC1445 
Wideband Amplifier 
2-116 
MC1454G 
1-Watt Power Amplifier 
2-122 
MC1455 
Timing Circuit 
11-4 
MC1456,C 
High-Performance 
Operational 
Amplifier 
2-126 
MC1458,C 
Dual Operational Amplifier 
2-132 
MC1458S 
High-Slew-Rate Dual 
Operational Amplifier 
2-137 
MC1466L 
Voltage and Current Regulator 
3-95 
MC1468 
Dual ± 15-Volt Tracking 
Regulator 
3-105 
MC1472 
Dual Peripheral Positive NAND 
Driver 
7-34 
MC1488 
Quad MDTL Line Driver 
7-37 
MC1489,A 
Quad MDTL Line Receiver 
7-43 
MC1490P 
Wide band Amplifier with AGC 
2-143 
MC1494L 
Four-Quadrant Multiplier 
11-11 
MC1495L 
Four-Quadrant Multiplier 
11-25 
MC1496 
Balanced Modulator- 
Demodulator 
8-13 
MC1503,A 
Precision Low-Voltage 
Reference 
5-8 
MC1504 
Precision Low-Drift Voltage 
Reference 
5-12 
MC1508 
8-Bit Multiplying Digital-to- 
Analog Converter 
6-15 
MC1514 
Dual Differential Voltage 
Comparator 
2-96 
MC1536 
High-Voltage Operational 
Amplifiers 
2-100 
MC1537 
Dual Operational Amplifier 
2-104 
MC1539 
High-Slew-Rate Operational 
Amplifier 
2-109 
MC1545 
Wideband Amplifier 
2-116 
MC1554G 
1-Watt Power Amplifier 
2-122 
MC1556 
High-Performance 
Operational 
Amplifier 
2-126 
MC1558 
Dual Operational Amplifier 
2-132 
MC1558S 
High-Slew-Rate Dual 
Operational Amplifier 
2-137 
MC1568 
Dual ± 15-Volt Regulator 
3-105 
MC1590G 
Wideband Amplifier with AGC 
2-149 
MC1594L 
Four-Quadrant Multiplier 
11-11 
MC1595L 
Four-Quadrant Multiplier 
11-25 
MC1596 
Balanced Modulator- 
Demodulator 
8-13 
MC1709, 
General-Purpose 
Operational 
A,C 
Amplifier 
2-157 
MC1723,C 
Adjustable Positive or Negative 
Voltage Regulator 
3-111 
MC1733,C 
Differential Video Amplifier 
2-161 
MC1741,C 
General-Purpose Operational 
Amplifier 
2-169 


MG1/41ti, 
Hlgn-tileW-Hale uperallonal 
SC 
Amplifier 
2-174 
MC1747,C 
Dual MC1741 Operational 
Amplifier 
2-180 
MC1748,C 
General-Purpose Operational 
Amplifier 
2-184 
MC1776,C 
Programmable Operational 
Amplifier 
2-188 
MC26S)0 
Quad Open Collector Bus 
Transceiver 
7-48 
MC2831A 
Low Power FM Transmitter 
System 
8-23 
MC2833 
Low Power FM Transmitter 
System 
8-26 
MC3301 
Quad Operational Amplifier 
2-196 
MC3302 
Quad Single-Supply 
Comparators 
2-65 
MC3303 
Quad Differential-Input 
Operational Amplifier 
2-207 
MC3325 
Automotive Voltage Regulator 
10-5 
MC3334P 
High Energy Ignition Circuit 
10-9 
MC3346 
General-Purpose Transistor 
Array 
9-40 
MC3356 
Wideband FSK Receiver 
8-29 
MC3357 
Low-Power FM IF 
8-35 
MC3358 
Dual Low-Power Operational 
Amplifier 
2-229 
MC3359 
Low-Power Narrow-Band FM IF 
8-39 
MC3361 
Low-Voltage Narrow-Band FM 
IF 
8-45 
MC3362 
Low Power Dual Conversion 
FM Receiver 
8-47 
MC3363 
Low Power Dual Conversion 
FM Receiver 
8-52 
MC3367 
Low Voltage Single Conversion 
FM Receiver 
8-59 
MC3373 
Remote Control Amplifier- 
Detector 
9-43 
MC3397T 
Transient Suppressor 
10-13 
MC3399T 
Automotive High Side Driver 
Switch 
10-16 
MC3401 
Quad Operational Amplifier 
2-197 
MC3403 
Quad Differential-Input 
Operational Amplifier 
2-207 
MC3405 
Dual Operational Amplifier plus 
Dual Voltage Comparator 
2-213 
MC3417 
Continuously- Variable-Slope 
Delta Modulator/Demodulator 
MC3418 
Continuously- Variable-Slope 
Delta Modulator/Demodulator 
MC3419-1L 
Telephone Line-Feed Circuit 
MC3419A- 
Telephone Line-Feed Circuit 
1L 
MC3419C- 
Telephone Line-Feed Circuit 
1L 
MC3423 
Overvoltage Sensing Circuit 
3-117 
MC3425 
Power Supply Supervisory/ 
Over-Under-Voltage 
Protection Circuit 
3-124 


I MG;J4;JU 
Hlgn-",peeo \,,/uao \,.,omparaIOr 
~-~~1 
MC3431 
High-Speed Quad Comparator 
2-221 
MC3432 
High-Speed Quad Comparator 
2-221 
MC3433 
High-Speed Quad Comparator 
2-221 
MC3437 
Hex Unified Bus Receiver 
7-51 
MC3440A 
Quad Interface Bus Transceiver 
7-54 
MC3441A 
Quad Interface Bus Transceiver 
7-54 
MC3446A 
Quad Interface Bus Transceiver 
7-58 
MC3447 
Bidirectional Instrumentation 
Bus Transceiver 
7-61 
MC3448A 
Quad Three-State Bus 
Transceiver 
7-67 
MC3450 
Quad Line Receiver 
7-72 
MC3452 
Quad Line Receiver 
7-72 
MC3453 
Quad Line Driver 
7-79 
MC3456 
Dual Timing Circuit 
11-40 
MC3458 
Dual Low-Power Operational 
Amplifier 
2-229 
MC3467 
Triple Preamplifier 
7-83 
MC3469P 
Floppy Disk Write Controller 
7-88 
MC3470P, 
Floppy Disk Read Amplifier 
AP 
System 
7-98 
MC3471P 
Floppy Disk Write Controller/ 


Head Driver 
7-112 
MC3476 
Programmable Operational 
Amplifier 
2-235 
MC3479P 
Stepper Motor Driver 
4-13 
MC3480 
Memory Controller Circuit 
7-123 
MC3481 
Quad Single-Ended Line Driver 
7-137 
MC3484S2 
Integrated Solenoid Driver 
10-19 
MC3484S4 
Integrated Solenoid Driver 
10-19 
MC3485 
Quad Single-Ended Line Driver 
7-137 
MC3486 
Quad EIA-422/423 Line 
Receiver 
7-142 
MC3487 
Quad EIA-422 Line Driver with 
Three-State Outputs 
7-145 
MC3488A 
Dual EIA-423/232C Driver 
7-149 
MC3503 
Quad Differential-Input 
Operational Amplifier 
2-207 
MC3505 
Dual Operational Amplifier plus 
Dual Voltage Comparator 
2-213 
MC3517 
Continuously- Variable-Slope 
Delta Modulator/Demodulator 
. 


MC3518 
Continuously-Variable-Slope 
Delta Modulator/Demodulator 
. 


MC3523 
Overvoltage Sensing Circuit 
3-117 
MC3556 
Dual Timing Circuit 
11-40 
MC3558 
Dual Low-Power Operational 
Amplifier 
2-229 
MC4558, 
Dual High-Frequency 
AC,C 
Operational Amplifier 
2-240 
MC4741,C 
Quad MC1741 Operational 
Amplifier 
2-244 
MC6108 
8-Bit MPU Bus-Compatible 
High Speed A-to-D Converter 
6-27 
MC6875,A 
M6800 Clock Generator/Driver 
7-153 
MC6880A 
Quad Three-State Bus 
Transceiver 
7-16 
MC6885 
Hex Three-State Buffer/Inverter 
7-26 
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MC6886 
Hex Three-State Buffer/Inverter 
7-26 
MC6887 
Hex Three-State Buffer/Inverter 
7-26 
MC6888 
Hex Three-State Buffer/Inverter 
7-26 
MC6889 
Noninverting Bus Transceiver 
7-21 
MC7800 
3-Terminal Positive Voltage 
Series 
Regulators 
3-132 
MC78LOOC, 
Positive Voltage Regulators 
3-145 
AC Series 
MC78MOO 
Positive Voltage Regulator 
3-151 
BC Series 
MC78TOO 
Three-Ampere 
Positive Voltage 
3-159 
Series 
Regulators 
MC7900C 
Three-Terminal Negative Fixed 
3-168 
Series 
Voltage Regulators 
MC79LOOC, 
Three-Terminal Negative Fixed 
3-177 
ACSeries 
Voltage Regulators 
MC79MOO 
Three-Terminal 
Negative Fixed 
3-182 
Series 
Voltage Regulators 
MC10318L, 
High-Speed 8-Bit D/A 
L9,CL6, 
Converter 
6-45 
CL7 
MC10319 
High Speed 8-Bit Analog-to- 
6-62 
Digital Flash Converter 
MC10320 
Triple 4-Bit Color Palette Video 
9-47 
DAC 
MC10320-1 
Triple 4-Bit Color Palette Video 
9-47 
DAC 
MC10321 
High Speed 7-Bit A-to-D Flash 
6-80 
Converter 
MC13001XP 
Monomax Black-and-White TV 
9-64 
SUbsystem 
MC13002XP 
Monomax Black-and-White TV 
9-64 
Subsystem 
9-73 
MC13010P 
TV Parallel Sound IF and AFT 
MC13014P 
Companion AudiolVertical 
9-78 
SUbsystem 
9-84 
MC13020P 
C-QUAM® AM Stereo Decoder 
MC13021 
Motorola C-QUAM® AM Stereo 
9-89 
Tuning Stabilizer 
MC13022 
Advanced Medium Voltage AM 
9-91 
Stereo Decoder 
MC13023 
AM Stereo Front End and 
9-95 
Tuner Stabilizer 
MC13024 
Low Voltage Motorola 
C-QUAM® AM Stereo 
9-101 
Receiver 
9-104 
MC13041 
AM Receiver Subsystem 
8-65 
MC13055 
Wideband FSK Receiver 
9-110 
MC13060 
Mini-Watt Audio Output 
"MC33030 
DC Servo Motor Controller/ 
4-21 
Driver 
4-34 
MC33034 
DC Brushless Motor Controller 
MC33039 
Closed Loop Brushless Motor 
4-54 
Adapter 
MC33060A 
Switch mode Pulse Width 
3-197 
Modulation Control Circuits 
MC33063 
DC to DC Converter Control 
3-227 
Circuits 
MC33063A 
DC to DC Converter Control 
3-233 
Circuits 
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MC33064 
Undervoltage Sensing Circuit 
3-242 


MC33065 
High Performance Dual 
Channel Current Mode 
Controller 
3-246 
MC33071 
High Performance Single 
Supply Operational Amplifiers 
2-286 
MC33072 
Dual High Performance Single 
Supply Operational Amplifiers 
2-286 
MC33074 
Quad High Performance SinglfJ 
Supply Operational Amplifier 
2-286 
MC33077 
Dual, Low Noise 
Operational Amplifier 
2-249 
MC33078 
Low Noise Operational 
Amplifier 
2-260 
MC33079 
Low Noise Operational 
Amplifier 
2-260 
MC33129 
High Performance Current 
Mode Controller 
3-258 
MC33160 
Microprocessor Voltage 
Regulator and Supervisory 
Circuit 
3-271 
MC33171 
Low Power, Single Supply 
Operational Amplifiers 
2-269 
MC33172 
Low Power, Single Supply 
Operational Amplifiers 
2-269 
MC33174 
Low Power, Single Supply 
Operational Amplifiers 
2-269 
MC33181, 
Low Power JFET Input 
2,4 
Operational Amplifiers 
2-313 
MC33282 
JFET Operational Amplifiers 
2-276 
MC33284 
JFET Operational Amplifiers 
2-276 
MC34001 
JFET-Input Operational 
Amplifiers 
2-279 
MC34002 
JFET-Input Operational 
Amplifiers 
2-279 
MC34004 
JFET-Input Operational 
Amplifiers 
2-279 
MC34010 
Electronic Telephone Circuit 
· 
MC34011A 
Electronic Telephone Circuit 
· 
MC34012 
Telephone Tone Ringer 
· 
Series 
MC34013A 
Speech Network and Tone 
Dialer 
· 
MC34014 
Telephone Speech Network 
with Dialer Interface 
· 
MC34017 
Telephone Tone Ringer 
· 
MC34018 
Voice Switched Speaker Phone 
Circuit 
· 
MC34050 
Dual EIA-422/423 Transceiver 
7-164 
MC34051 
Dual EIA-422/423 Transceiver 
7-164 
MC34060 
Switch mode Pulse Width 
Modulation Control Circuits 
3-185 
MC34060A 
Switch mode Pulse Width 
Modulation Control Circuits 
3-197 
MC34061,A 
Three-Terminal Programmable 
Overvoltage Sensing Circuit 
3-209 
MC34062 
Pin-Programmable Overvoltage 
Sensing Circuit 
3-216 
MC34063 
DC to DC Converter. Control 
Circuits 
3-227 
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MC34063A 
DC to DC Converter Control 
Circuits 
3-233 
MC34064 
Undervoltage Sensing Circuit 
3-242 


It1C34065 
High Performance Dual 
Channel Current Mode 
Controller 
3-246 
MC34071 
High Performance Single 
Supply Operational Amplifiers 
2-286 
MC34072 
Dual High Performance Single 
Supply Operational Amplifiers 
2-286 
MC34074 
Quad High Performance Single 
Supply Operational Amplifier 
2-286 
MC34080 
High Speed Decompensated 
(AvCL~2) JFET Input 
Operational Amplifier 
2-302 
MC34081 
High Speed JFET Input 
Operational Amplifier 
2-302 
MC34082 
Dual High Speed JFET Input 
Operational Amplifier 
2-302 
MC34083 
Dual High Speed 
Decompensated (AvCL~2) 
JFET Input Operational 
Amplifier 
2-302 
MC34084 
Quad High Speed JFET Input 
Operational Amplifier 
2-302 
MC34085 
Quad High Speed 
Decompensated (AvCL~2) 
JFET Input Operational 
Amplifier 
2-302 
MC34115 
Continuously Variable Slope 
Delta Modulator/Demodulator 
. 


MC34119 
Low Power Audio Amplifier 
9-114 
MC34120 
Subscriber Loop Interface 
Circuit 
. 


MC34129 
High Performance Current 
Mode Controller 
3-258 
MC34160 
Microprocessor Voltage 
Regulator and Supervisory 
Circuit 
3-271 
MC34181, 
Low Power JFET Input 
2,4 
Operational Amplifiers 
2-313 
MC35001 
JFET-Input Operational 
Amplifiers 
2-279 
MC35002 
JFET-Input Operational 
Amplifiers 
2-279 
MC35004 
JFET-Input Operational 
Amplifiers 
2-279 
MC35060 
Switch mode Pulse Width 
Modulation Control Circuits 
3-185 
MC35050A 
Switch mode Pulse Width 
Modulation Control Circuits 
3-197 
MC35062 
Pin-Programmable 
Overvoltage 
Sensing Circuit 
3-216 
MC35063 
DC to DC Converter Control 
Circuits 
3-227 
MC35063A 
DC to DC Converter Control 
Circuits 
3-233 
MC35071 
High Performance Single 
Supply Operational Amplifiers 
2-286 


Device 
Number 
Function 
Page 


MC35072 
Dual High Performance Single 
Supply Operational Amplifiers 
2-286 
MC35074 
Quad High Performance Single 
Supply Operational Amplifiers 
2-286 


MC35080 
High-Speed Decompensated 
(AVCL~2) JFET Input 
Operational Amplifier 
2-302 
MC35081 
High-Speed JFET Input 
Operational Amplifier 
2-302 


MC35082 
Dual High-Speed JFET Input 
Operational Amplifier 
2-302 
MC35083 
Dual High-Speed 
Decompensated 
(AVCL~2) 


JFET Input Operational 
Amplifier 
2-302 
MC35084 
Quad High-Speed JFET Input 
Operational Amplifier 
2-302 
MC35085 
Quad High-Speed 
Decompensated (AvCL~2) 
JFET Input Operational 
Amplifier 
2-302 
MC35171 
Low Power, Single Supply 
Operational Amplifiers 
2-269 
MC35172 
Low Power, Single Supply 
Operational Amplifiers 
2-269 
MC35174 
Low Power, Single Supply 
Operational Amplifiers 
2-269 
MC35181, 
Low Power JFET Input 
2,4 
Operational Amplifiers 
2-313 
MC44301 
System 4 High Performance 
Color TV IF 
9-123 
MC44802 
PLL Tuning Circuit with 
1.3 GHz Prescaler 
9-129 
MC75107 
Dual Line Receiver 
7-171 
MC75108 
Dual Line Receiver 
7-171 
MC75S110 
Dual Line Driver 
7-176 
MC75125 
Seven-Channel Line Receivers 
7-181 
MC75127 
Seven-Channel Line Receivers 
7-181 
MC75128 
Eight-Channel Line Receivers 
7-185 
MC75129 
Eight-Channel Line Receivers 
7-185 
MCC3334 
High Energy Ignition Circuit 
10-9 
MCCF3334 
High Energy Ignition Circuit 
10-9 
NE592 
Video Amplifier 
2-322 
OP-27 
Ultra-Low Noise Precision, High 
Speed Operational Amplifiers 
2-327 
SAA1042,A 
Stepper Motor Driver 
4-59 
SE592 
Video Amplifier 
2-322 
SG1525A 
Pulse Width Modulator Control 
Circuits 
3-279 
SG1526 
Pulse Width Modulation Control 
Circuits 
3-286 
SG1527A 
Pulse Width Modulator Control 
Circuits 
3-279 
SG2525A 
Pulse Width Modulator Control 
Circuits 
3-279 
SG2526 
Pulse Width Modulation Control 
Circuits 
3-286 
SG2527A 
Pulse Width Modulator Control 
Circuits 
3-279 


Device 
Number 
Function 
Page 


SG3525A 
Pulse Width Modulator Control 
Circuits 
3-279 
SG3526 
Pulse Width Modulation Control 
Circuits 
3-286 
SG3527A 
Pulse Width Modulator Control 
Circuits 
3-279 
SN75172 
Quad EIA-485 Line Driver with 
Three-State Output 
7-189 
SN75173 
Quad EIA-485 Line Receiver 
with Three-State Output 
7-191 
SN75174 
Quad EIA-485 Line Driver with 
Three-State Output 
7-189 
SN75175 
Quad EIA-485 Line Receiver 
with Three-State Output 
7-191 
T8A120C 
FM IF Amplifier, Limiter and 
Detector 
9-137 
TCA0372 
Dual Power Operational 
Amplifier 
2-336 
TCA4500A 
FM Stereo Demodulator 
9-142 
TCA5550 
Stereo Sound Control System 
9-149 
TCA5600 
Universal Microprocessor 
Power Supply Controller 
3-294 
TCF6000 
Peripheral Clamping Array 
7-196 
TCF7000 
Pressure Transducer Amplifier 
10-29 
TDA1085A 
Universal Motor Speed 
Controller 
4-64 
TDA1085C 
Universal Motor Speed 
Controller 
4-71 
TDA1185A 
Triac Phase Angle Controller 
4-81 
TDA1190P 
TV Sound System 
9-153 
TDA1285A 
Universal Motor Speed 
Controller 
4-88 
TDA1524A 
Stereo Tone Control System 
9-156 
TDA3190P 
TV Sound System 
9-153 
TDA3301 
TV Color Processor 
9-161 
TDA3303 
TV Color Processor 
9-161 
TDA3330 
TV Color Processor 
9-175 
TDA3333 
TV Color Difference 
Demodulator 
9-183 
TDA4601,8 
Flyback Converter Regulator 
Control Circuit 
3-305 
TL061 
Low Power JFET Input 
Operational Amplifier 
2-343 
TL062 
Low Power JFET Input 
Operational Amplifier 
2-343 
TL064 
Low Power JFET Input 
Operational Amplifier 
2-343 
TL071 
Low-Noise JFET Input 
Operational Amplifier 
2-351 
TL072 
Low-Noise JFET Input 
Operational Amplifier 
2-351 
TL074 
Low-Noise JFET Input 
Operational Amplifier 
2-351 
TL081 
JFET Input Operational 
Amplifier 
2-358 
TL082 
JFET Input Operational 
Amplifier 
2-358 
TL084 
JFET Input Operational 
Amplifier 
2-358 


Device 
Number 
Function 
Page 


TL431 
Programmable Precision 
Series 
References 
5-17 
TL494 
Switch mode Pulse Width 
Modulation Control Circuits 
3-316 
TL594 
Switch mode Pulse Width 
Modulation Control Circuits 
3-327 
TL780 
Three-Terminal Positive Voltage 
Regulators 
3-338 
UAA10168 
Zero Voltage Controller 
4-95 
UAA1041 
Automotive Direction Indicator 
10-31 
UC2842A 
High Performance Current 
Mode Controller 
3-344 
UC2843A 
High Performance Current 
Mode Controller 
3-344 
UC3842A 
High Performance Current 
Mode Controller 
3-344 
UC3843A 
High Performance Current 
Mode Controller 
3-344 
ULN2001A 
Peripheral Driver Array 
7-30 
ULN2002A 
Peripheral Driver Array 
7-30 
ULN2003A 
Peripheral Driver Array 
7-30 
ULN2004A 
Peripheral Driver Array 
7-30 
ULN20688 
Quad 1.5 A Darlington Switch 
7-200 
ULN20748 
Quad 1.5 A Darlington Switch 
7-204 
ULN2801 
Octal Peripheral Driver Array 
7-208 
ULN2802 
Octal Peripheral Driver Array 
7-208 
ULN2803 
Octal Peripheral Driver Array 
7-208 
ULN2804 
Octal Peripheral Driver Array 
7-208 
jLA78S40 
Universal Switching Regulator 
Subsystem 
3-53 


•• 


II 


Motorola 
Motorola 


Pari 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


8216 
MC8T26Al 
7-16 
8226 
MC8T28l 
7-21 
9614DC 
MC75S110l 
7-176 
9614DM 
MC75S110l 
7-176 
9615DC 
MC75108l 
7-171 


9616CDC 
MC1488l 
7-37 


9616EDC 
MC1488L 
7-37 


9616DM 
MC1488l 
7-37 


9617DC 
MC1489Al 
7-43 


9620DC 
MC75S110L 
7·176 


9620DM 
MC75S110l 
7-176 


9621DC 
MC75108l 
7-171 


9627CDC 
MC1489Al 
7-43 
9627DM 
MC1489AL 
7-43 
9636AT 
MC3488AP 
7-149 


9637T 
MC3486P 
7-142 
9638T 
MC3487P 
7-145 
9640DC 
MC26S10l 
7-48 
9640NC 
MC3440AP 
7-54 
9640PC 
MC26S10P 
7-48 


9665DC 
MC1411L 
7-30 
9665PC 
Me14"? 
7-30 
9666DC 
MC1412L 
7-30 


9666PC 
MC1412P 
7-30 
9667DC 
MC1413L 
7-30 


9667PC 
MC1413P 
7-30 
9668DC 
MC1416L 
7-30 
9668PC 
MC1416P 
7-30 
551100M 
MC75S11QL 
7-176 


751Q7ADC 
MC75107l 
7-171 


7S107APC 
MC75107P 
7-171 


7S107BDC 
MC75107l 
7-171 


75107BPC 
MC75107P 
7-171 


7510BADC 
MC75108l 
7-171 


7S108APC 
MC75108P 
7-171 


75108BDC 
MC7510BL 
7-171 


75108BPC 
MC7510BP 
7-171 


75110DC 
MC75S110l 
7-176 


75110PC 
MC75S11QP 
7-176 


752070C 
MC75107L 
7-171 


75207PC 
MC75107P 
7·171 


75208DC 
MC75108l 
7-171 


75208PC 
MC75108P 
7-171 
AD 
DAC-08AD 
DAC-08AQ 
6-5 
AD 
DAC-08CD 
DAC-08CQ 
6-5 


AD 
DAC-08D 
DAC-08Q 
6-5 


AD 
DAC-08ED 
DAC-08EQ 
6-5 
AD 
DAC-08HD 
DAC-08HQ 
6-5 
AD301Al 
LM301AH 
2-44 
AD505J 
MC1776CG 
2-188 


AD505K 
MC1776CG 
2-188 


AD505S 
MC1776G 
2-188 
AD509J 
LM301AH 
2-44 
AD509K 
LM301AH 
2·44 
AD509S 
LM1Q1AH 
2-44 


AD518J 
LM301AH 
2-44 
AD518K 
LM301AH 
2-44 
AD518S 
LM101AH 
2-44 
AD530 
MC1595l 
11-25 
A0531 
MC1595L 
11-25 


AD532L 
MC1595L 
11-25 
AD580J 
MC1403U 
5-8 
AD580K 
MC1403P1 
5-8 
AD580M 
MC1403APl 
5-8 
AD580S 
MC1503U 
5-8 


AD580T 
MC1503AU 
5-8 


AD589J 
lM385Z-1.2 
5-4 
AD589K 
lM385Z-1.2 
5-4 
AD589l 
lM385Z-1.2 
5-4 
AD589M 
LM385BZ-l.2 
5-4 


AD74,CJ 
MC1741CG 
2-169 
AD741J 
MC1741G 
2-169 
AD741K 
MC1741G 
2-169 
AD741l 
MC1741G 
2-169 
AD741S 
MC1741SG 
2-174 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 


Replacement 
Replacement 


AD 1403AN 
MC1403AU 
5-8 


AD1408-7D 
MC1408l7 
6-15 


AD1508-8D 
MC1508l8 
6-15 


ADS108 
MC6108 
6-27 


AM26lS31CJ 
AM26lS31DC 
7-10 


AM26lS31CN 
AM26lS31PC 
7-10 
AM26lS31D 
AM26LS310 
7·10 
AM26lS3'P 
AM26lS3'P 
7-10 
AM26lS32ACJ 
AM26lS32D 
7-13 
AM26lS32ACN 
AM26lS32APC 
MC3486L 
7-13 


AM26lS32D 
AM26lS32D 
MC3486P 
7-13 


AM26lS32P 
AM26lS32PC 
7-13 
AM26lS33DC 
MC3486l 
7-142 
AM26lS33PC 
MC3486P 
7-142 
AM26S10DC 
MC26S10l 
7-48 


AM26S10PC 
MC26S10P 
7-48 
AM101 
lM101AH 
2-44 


AM101A 
LM101AH 
2-44 


AM101AD 
LM101AH 
2-44 
AM101AF 
LM101AH 
2-44 


AM1010 
LM101AH 
2-44 


AM101F 
LM101AH 
2-44 
AM107 
LM111J 
2-53 


AM107D 
MC1741G 
2-169 
AM107F 
MC1741G 
2-169 


AM1110 
MC1741G 
2-169 
AM111H 
LM111H 
2-53 
AM201 
lM201AH 
2-44 
AM201A 
LM201AH 
2-44 
AM201AD 
lM201AN 
2-44 


AM201AF 
lM201AH 
2-44 


AM2010 
LM201AN 
2-44 
AM201F 
LM201AH 
2-44 
AM207 
MC1741C 
2-169 
AM2070 
MC1741C 
2-169 


AM207F 
MC1741C 
2-169 


AM2110 
MC1741C 
2-169 
AM211H 
LM211H 
2-53 
AM301 
lM301AH 
2-44 
AM301A 
LM301AH 
2-44 


AM301AO 
LM301AJ 
2-44 


AM3010 
LM301AJ 
2-44 


AM311D 
LM311J-8 
2-53 
AM311H 
LM311H 
2-53 
AM592DC 
NE592F 
2-322 


AM592DM 
SE592F 
2-322 


AM592HC 
NE592K 
2-322 
AM592HM 
SE592K 
2-322 
AM592PC 
NE592N 
2-322 
AM7230C 
MC1723CL 
3·111 


AM723DM 
MC1723l 
3-111 


AM723HC 
MC1723CG 
3-111 


AM723HM 
MC1723G 
3·111 


AM723PC 
MC1723CP 
3-111 


AM725A31T 
MC1556G 
2-126 


AM725HM 
MC1556G 
2-126 


AM7330C 
MC1733CL 
2-161 
AM7330M 
MC1733l 
2-161 


AM733HC 
MC1733CG 
2-161 


AM733HM 
MC1733G 
2-161 


AM7410C 
MC1741CU 
2-169 
AM7410M 
MC1741U 
2-169 
AM741HC 
MC1741CG 
2-169 
AM741HM 
MC1741G 
2-169 
AM747DC 
MC1747Cl 
2-180 


AM7470M 
MC1747L 
2-180 


AM747HC 
MC1747CG 
2-180 


AM747HM 
MC1747G 
2-180 


AM748DC 
MC1746CU 
2-184 
AM748DM 
MC1748U 
2-184 


AM748HC 
MC1748CG 
2-184 


AM748HM 
MC1748G 
2-184 


AM 7936PC 
MC34129P 
3-258 
AN5150 
MC13002P 
9-64 
AN5151 
MC13001P 
9-64 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


CA08'AE 
TL081ACP 
2-358 


CA08'AS 
TL081ACJG 
2-358 


CA08'BE 
TL081BCP 
2-358 


CA081CS 
TL081CJG 
2-358 
CA081E 
TL081CP 
2-358 


CA081S 
TL08'MJG 
2-358 


CA082AE 
TL082ACP 
2-358 


CA082AS 
TL082ACJG 
2-358 


CA082BE 
TL082BCP 
2-358 


CA082CS 
TL082CJG 
2-358 


CA082E 
TL082CP 
2-358 


CA082S 
TL082MJG 
2-358 


CA084AE 
TL084ACN 
2-358 


CA084E 
TL084CN 
2-358 


CA084S 
TL082MJ 
2-358 


CA,olAT 
LM101AH 
2-44 


CA10n 
LM101AH 
2-44 


CA107T 
MC174'CG 
2-169 


CA108AS 
LM108AJ-8 
2-48 


CA,08AT 
LM108AH 
2-48 


CA,08S 
LM,08J-8 
2-48 


CA10ST 
LM10BH 
2-48 


CA139AG 
LM'39AJ 
2-65 


CA139G 
LM139J 
2-65 


CA2o'AT 
LM201AH 
2-44 


CA201T 
LM20,AH 
2-44 


CA207T 
MC1741C 
2-169 
CA20BAT 
LM20BAH 
2-48 


CA208S 
LM2oBJ-8 
2-48 


CA208T 
LM208H 
2-48 


CA239AE 
LM239AN 
2-65 


CA239AG 
LM239AJ 
2-ffi 


CA239E 
LM239N 
2-ffi 


CA239G 
LM239J 
2-ffi 


CA301AT 
LM301AH 
2-44 


CA308AS 
LM308N 
2-48 
CA308AT 
LM308AH 
2-48 
CA308S 
LM30BH 
2-48 


CA339AE 
LM339AN 
2-65 
CA339AG 
LM339AJ 
2-65 


CA339E 
LM339N 
2-65 
CA339G 
LM339J 
2-65 


CA723CE 
MC,723CP 
3-111 
CA723CT 
MC'723CG 
3-111 
CA723E 
MCl723L 
3·111 


CA723T 
MCl723G 
3-111 


CA741CS 
MC1741CPl 
2-169 
CA741CT 
MC1741CG 
2-169 
CA741S 
MC1741U 
2-169 
CA74n 
MC1741G 
2-169 


CA747CE 
MC1747CL 
2-180 


CA747CF 
MC1747CL 
2-180 


CA747CT 
MC1747CG 
2-180 


CA747E 
MC1747L 
2-180 


CA747F 
MC1747L 
2-180 


CA747T 
MC1747G 
2-180 


CA748CS 
MC1748CP1 
2-184 


CA748CT 
MC1748CG 
2-184 


CA748S 
MC1748U 
2-184 


CA748T 
MC1748G 
2-184 


CA1391E 
MC1391P 
9-35 


CA1458S 
MC1458CP1 
2-132 
CA1458T 
MC1458G 
2-132 


CA1558S 
MC1558U 
2-132 


CA1558T 
MC1558G 
2-132 


CA3008 
MC1709U 
2-157 
CA3008A 
MC1709U 
2-157 
CA3010 
MC1709G 
2-157 
CA3010A 
MC1709G 
2-157 
CA3011 
MC1590G 
2-149 


CA3012 
MC1590G 
2-149 
CA3015 
MC1709G 
2-157 
CA3015A 
MC1709G 
2·157 
CA3O'6 
MC1709U 
2-157 
CA3016A 
MC1709U 
2-157 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 


Replacement 
Replacement 


CA3020 
MC'554G 
2-122 


CA3020A 
MC1454G 
2-122 


CA3021 
MC'590G 
2-149 


CA3022 
MC'59OG 
2-149 


CA3023 
MC'59OG 
2-149 


CA3026 
CA3054 
9-7 


CA3029 
MC,709P, 
2-157 


CA3029A 
MC1709P1 
2-157 


CA3030 
MC1709P1 
2-157 
CA3030A 
MC1709P, 
2-157 


CA303' 
MC1733 
2-161 


CA3032 
MC1733 
2-161 


CA3037 
MC1709U 
2-157 
CA3037A 
MC1709U 
2-157 
CA3038 
MC1709U 
2-157 


CA3038A 
MC1709U 
2-157 
CA3044 
MC13010P 
9-73 


CA3044Vl 
MC'301oP 
9-73 
CA3045 
MC3346P 
9-40 
CA3045F 
MC3346P 
9-40 


CA3046 
MC3346P 
9-40 


CA3048 
MC3301P 
2-197 


CA3052 
MC3301P 
2-197 
CA3054 
CA3054 
9-7 
CA3056 
MC1741CG 
2-169 


CA3056A 
MC1741G 
2-169 


CA3058 
CA3059 
4-8 


CA3059 
CA3059 
4-8 


CA3064 
MC13010P 
9-73 


CA3076 
MC1590G 
2·149 


CA3078AS 
MCl776G 
2-188 


CA307BAT 
MC1776G 
2-188 


CA3078S 
MC,776CG 
2-188 


CA307BT 
MCl776CG 
2-188 


CA3079 
CA3079 
CA3059 
4-8 
CA3085 
MC1723G 
3-111 
CA3085A 
MC1723G 
3-111 
CA3085AF 
MCl723L 
3-'" 
CA3085AS 
MCl723G 
3-111 


CA3085B 
MC1723G 
3-' 
11 
CA3085BF 
MC1723L 
3·111 
CA3085BS 
MC1723G 
3-11 , 


CA3085F 
MC1723L 
3-11 , 


CA3085S 
MC1723G 
3·111 


CA3086F 
MC3346P 
9-40 
CA3091D 
MC1594L 
11-11 


CA3121E 
TDA3333 
9-183 
CA3136A 
MC3346P 
9-40 
CA3139 
MC1J010P 
9-73 


CA3145E 
TDA3333 
9-183 
CA3'46 
MC3346P 
9-40 
CA3'51E 
TDA3333 
9-'83 
CA3201E 
TDA33O, 
9-161 
CA3210E 
MC13001P 
9-64 


CA3217E 
TOA3301 
9-16' 


CA3221E 
TDA3333 
9-183 
CA3223E 
MC'3oo2P 
9-64 
CA3302E 
MC3302P 
2-65 
CA34o,E 
MC3401P 
2·197 


CA6078AS 
MC1776G 
2-188 
CA6078AT 
MC'776G 
2-188 


CA6741S 
MC'776G 
2-188 
CA674n 
MCl776G 
2-188 


CA7607E 
MC1301QP 
9-73 


CA7611E 
MC13010P 
9-73 
CMP·Q1CJ 
MC1556G 
2-126 
CMP-01CP 
MC1556P 
2-126 
CS3471 
MC3471P 
7-112 


D8216 
MC8T26AL 
7-16 
D8226 
MC8T28L 
7-2' 
DAC-08AQ 
DAC-08AQ 
6-5 
DAC-08CN 
OAC-08CP 
6-5 
DAC-08CP 
DAC-08CP 
6-5 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


DAC-08CO 
DAC-08CO 
6-5 
DAC-08EN 
DAC-08EP 
6-5 


DAC-08EP 
DAC-08EP 
6-5 
DAC-08EO 
DAC-08EO 
6-5 
DAC-08HN 
DAC-08HP 
6-5 


DAC-08HP 
DAC-08HP 
6-5 
DAC-08HO 
DAC-08HO 
6-5 
DAC-080 
DAC-080 
6-5 
DAC0800LCJ 
DAC-08EO 
6-5 
DAC0800LCN 
DAC-08EP 
6-5 


DAC0800LD 
DAC-080 
6-5 
DAC0801LCJ 
DAC-08CO 
6-5 
DAC0801lCN 
DAC-08CP 
6-5 
DAC0802LCJ 
DAC-08HO 
6-5 
DAC0802LCN 
DAC-08HP 
6-5 


DAC0802LD 
DAC-08AO 
6-5 
DAC0806LCJ 
MC1408L6 
6-15 
DAC0806LCN 
MC1408P6 
6-15 
DAC0807LCJ 
MC1408L7 
6-15 
DAC0807LCN 
MC1408P7 
6-15 


DAC0808LCJ 
MC1408lB 
6-15 
DAC0808LCN 
MC1408P8 
6-15 
DAC0808LD 
MC1508L8 
6-15 
DM7822J 
MC1489Al 
7-43 
OM7837J 
MC3437L 
7-70 


DM8822J 
MC1489AL 
7-43 
DM8822N 
MC1489AP 
7-43 
DM8837N 
MC3437P 
7-70 
DS26LS31J 
AM26lS310 
7-10 
DS26LS31N 
AM26lS31P 
7-10 


DS26LS32J 
AM26LS32D 
7-13 
DS26LS32N 
AM26LS32P 
7·13 
DS26S10CJ 
MC26S10L 
7-48 
DS26S10CN 
MC26S10P 
7-48 
DS1488J 
MC1488l 
7-37 


DS1488N 
MC1488P 
7-37 
DS1489AJ 
MC1489Al 
7-43 
DS1489AN 
MC1489AP 
7-43 
DS1489J 
MC'489L 
7-43 
DS1489N 
MC'489P 
7-43 


DS3486J 
MC3486L 
7-142 
DS3486N 
MC3486P 
7-142 
DS3487J 
MC3487L 
7-145 
DS3487N 
MC3487P 
7-145 
DS3612H 
MC1472U 
7-34 


DS3612N 
MC1472Pl 
7-34 
DS3632H 
MC1472U 
7-34 
DS3632J 
MC1472U 
7-34 
DS3632N 
MC1472Pl 
7-34 
DS3650J 
MC3450L 
7-72 


DS3650N 
MC3450P 
7-72 
DS3651J 
MC3430L 
2-221 
DS3651N 
MC3430P 
2-221 
DS3652J 
MC3452L 
7-72 
DS3652N 
MC3452P 
7-72 


DS3653J 
MC3432L 
2-221 
DS3653N 
MC3432P 
2-22' 
DS7837J 
MC3437l 
7-51 
DS7837W 
MC3437L 
7-51 


DS8833J 
MC8T28L 
7-21 


DS8833N 
MC8T28P 
7-21 
DS8834J 
MC8T26AL 
7-16 
DS8834N 
MC8T26AP 
7-16 
DS8835J 
MC8T26AL 
7-16 
DS8835N 
MC8T26AP 
7-16 


DS8837J 
MC3437L 
7-51 
DS8837N 
MC3437P 
7-51 
DS8839J 
MC8T28L 
7-21 
DS8839N 
MC8T28P 
7-21 
DS8922,A 
MC34051 
7-164 


DS8923,A 
MC34050 
7-164 
DS55107W 
MC75107l 
7-171 
DS55110J 
MC75S1l0L 
7-176 
DS75107J 
MC75107l 
7-171 
DS75'07N 
MC75'07P 
7-171 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 


Replacement 
Replacement 


DS75108J 
MC75108L 
7-171 


DS75108N 
MC75108P 
7-171 


DS75110J 
MC75S110L 
7-176 
DS75110N 
MC75S110P 
7-176 
DS75207J 
MC75107L 
7-171 


DS75207N 
MC75107P 
7-171 


DS75208J 
MC75108L 
7-171 


DS75208N 
MC75108P 
7-171 


ICB8000C 
lM111J 
2-53 


ICB8001C 
lMl11J 
2-53 


ICB8741C 
MC1741CG 
2-169 


ICH8500ATV 
MCl776CG 
2-188 


ICH8500TV 
MCl776CG 
2-188 


ICL101ALNOP 
lMl01AH 
2-44 


ICL101ALNFB 
lMl01AH 
2-44 


ICL 101ALNTY 
LM101AH 
2-44 
ICL301AlNPA 
LM301AH 
2-44 


ICL301ALNTY 
LM301AH 
2-44 
ICL741CLNPA 
MC174'CP' 
2-169 
ICL741ClNTY 
MC1741CPl 
2-'69 


ICL8001CTZ 
lMlllJ 
2-53 
ICLBD01MTZ 
lMlllJ 
2-53 


ICL8007CTA 
MC1709CG 
2-157 
ICL8007MTA 
MC1709CG 
2-157 
ICL8008CPA 
lM301AN 
2-44 


ICL8008CTY 
lM301AN 
2-44 


ICL8013A 
MC1594L 
11-11 


ICL8013B 
MC1594L 
11-11 


ICL8013C 
MC1594L 
11·11 


ICL8017CTW 
LM301AN 
2-44 


IClB017MTW 
lM301AN 
2-44 
ICLB021C 
MCl776G 
2-188 
ICLB021M 
MCl776G 
2-188 
ICL8022C 
MC1776G 
2-188 
ICL8022M 
MCl776G 
2-188 


ICL8043CDE 
MC1776G 
2-188 
ICL8043CPE 
MCl776G 
2-188 
ICL8043MDE 
MC1776G 
2-188 
ICL8048CDE 
MCl776G 
2-188 
ICL8048CPE 
MCl776G 
2-188 


ICL8048DPE 
MCl776G 
2-188 
ICL8069CCZR 
LM385BZ-l,2 
5-4 


ICL8069DCZR 
LM385BZ-l,2 
5-4 


IP494ACJ 
TL594CN 
3-327 
IP494ACN 
TL594CN 
3-327 


IP494AJ 
TL594MJ 
3-327 
IP1525AJ 
SG1526AJ 
3-286 
IP1526J 
SG1526J 
3-286 
IP1527AJ 
SG1527AJ 
3-279 
IP2525AJ 
SG2525AJ 
3-279 


IP2526J 
SG2526J 
3-286 
IP2527AJ 
SG2527AJ 
3-279 
IP3525AJ 
SG3525AJ 
3-279 
IP3525AN 
SG3525AN 
3-279 
IP3526J 
SG3526J 
3-286 


IP3526N 
SG3526N 
3-286 
IP3527AJ 
SG3527AJ 
3-279 


IP3527AN 
SG3527AN 
3-279 


IP33063N 
MC33063Pl 
3-227 


IP34060AN 
MC34060AP 
3-197 


IP34063N 
MC34063Pl 
3-227 


IP35060AN 
MC35060AL 
3-197 


IP35063J 
MC35063U 
3-227 
ITT652 
MC1411P 
7-30 
lTT654 
MC1412P 
7-30 


ITT656 
MC1413P 
7-30 
ITT3064 
MC13010P 
9-73 
ITT3710 
MC1391P 
9-35 
L 144AP 
LM324N 
2-59 


L201 
MC1411P 
7-30 


L202 
MC1412P 
7-30 


L203 
MC1413P 
7-30 
L583 
MC3484S2 
10-19 
lF347BN 
lF347BN 
2-14 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


LF347N 
LF347N 
MC34004P 
2-14 


LF351AH 
MC34oo'AG 
2-279 
LF351AN 
MC34001AP 
2-279 
LF351BH 
MC34oo'BG 
2-279 
LF351BN 
MC34oo'BP 
2-279 


LF351H 
MC34oo'G 
2-279 


LF351N 
LF35'N 
MC34oo,P 
2-'4 


LF352D 
LF355J 
2-16 


LF353AH 
MC34002AG 
2-279 


LF353AN 
MC34002AP 
2-279 


LF353BH 
MC34oo2BG 
2-279 
LF353BN 
MC34002BP 
2-279 
LF353H 
MC34oo2G 
2-279 
LF353N 
LF353N 
MC34002P 
2-'4 
LF355BH 
LF355BH 
2-'6 


LF355BJ 
LF355BJ 
2-16 


LF355H 
LF355H 
2-16 
LF355J 
LF355J 
2-'6 
LF355JG 
LF355J 
2-'6 
LF355L 
LF355H 
2-16 


LF355N 
LF355J 
2-'6 
LF355P 
LF355J 
2-'6 
LF356BH 
LF356BH 
2-'6 
LF356BJ 
LF356BJ 
2-'6 
LF356BN 
LF356J 
2-'6 


LF356H 
LF356H 
2-'6 
LF356J 
LF356J 
2-'6 
LF356JG 
LF356J 
2-16 
LF356L 
LF356H 
2-'6 
LF356N 
LF356J 
2-'6 


LF356P 
LF356J 
2-'6 
LF357BH 
LF357BH 
2-16 
LF357BJ 
LF357BJ 
2-16 
LF357BN 
LF357BJ 
2-'6 
LF357H 
LF357H 
2-'6 


LF357J 
LF357J 
2-16 
LF357JG 
LF357J 
2-16 
LF357L 
LF357H 
2-16 
LF357N 
LF357J 
2-'6 
LF357P 
LF357J 
2-16 


LF411C 
LF4nC 
2-26 


LF411CH 
MC34oo1AG 
2-279 


LF412C 
LF412C 
2-26 


LF412CH 
MC34002AG 
2-279 
LF441C 
LF441C 
2-29 


LF442C 
LF442C 
2-29 


LF444C 
LF444C 
2-29 


LG35'AH 
MC34oo'AG 
2-279 


LG351AN 
MC34oo1AP 
2-279 


LHOOOACD 
MC1776CG 
2-188 
LHOOOACF 
MCl776CG 
2-188 


LHOOOACH 
MC1776CG 
2-188 
LHOOOAO 
MC'776G 
2-188 


LHOOOAF 
MC'776G 
2-188 


LHOOOAH 
MC1776G 
2-188 


LHOOO4CH 
MC1436G 
2-100 
LHOOO4CHH 
MC1536G 
2-100 
LHOOO4H 
MC1536G 
2-100 
LH042CH 
MC'776G 
2-188 


LH1Q1H 
MC1741G 
2-169 


LH201H 
MC1741G 
2-169 
LH74QACH 
LF355H 
2-16 
LH2101AO 
MC1537L 
2-104 
LH2101AF 
MC1537L 
2-104 


LH220'AD 
MC'537L 
2-104 


LH2201AF 
MC1537L 
2-104 


LH2301AD 
MC1437L 
2-104 


LH2301AF 
MC1437L 
2-104 


LM11CH 
LM11CH 
2-37 


LMllCJ 
LM11CJ 
2-37 
LM11CJ-8 
LMllCJ·B 
2-37 
LM11CLH 
LMllCLH 
2-37 
LM11CLJ 
LMllCLJ 
2-37 
LM11CLJ-B 
LMllCLJ-B 
2-37 


LM11CLN 
LM11CLN 
2-37 


LM11CLN-14 
LMllCLN-14 
2-37 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


LMllCN 
LM11CN 
2-37 


LMllCN·14 
LM11CN·14 
2-37 


LMl1H 
LMllH 
2-37 


LM11J 
LM11J 
2-37 
LM11J·8 
LMllJ-B 
2-37 
LM101AD 
LM101AH 
2-44 
LM101AF 
LM101AH 
2-44 
LM101AH 
LM101AH 
2-44 


LM101AJ 
LM101AJ 
2-44 
LM101AJ·14 
LM101AJ 
2-44 


LM101AJG 
LM101AJ 
2-44 
LM101AL 
LM101AH 
2-44 


LM1010 
LM101AJ 
2-44 


LM101F 
LM101AH 
2-44 


LM101H 
LM101AH 
2-44 


LM101J-14 
LM101AJ 
2-44 


LM107H 
MC1741 
2-169 


LM107L 
MC1741 
2-169 


LM'08AF 
LM10BAF 
2-48 


LM10BAH 
LM10BAH 
2-48 


LM108AJ 
LM10BAJ 
LM'08J-8 
2-48 
LM10BAJ-B 
LM10BAJ-B 
2-48 


LM10BH 
LM10BH 
2-48 


LM10BJ 
LM10BJ 
2-48 
LM10BJ·B 
LM10BJ-B 
2-48 


LMtQ9H 
LM109H 
3-15 
LM109K 
LM1Q9K 
3-15 


LMt09LA 
LM109K 
3-'5 


LMlllH 
LM111H 
2-53 


LM111HH 
LM111H 
2-53 


LM111J 
LM111J 
2-53 


LM l11J·B 
LMll1J-B 
2-53 


LMll1JG 
LMll1J-B 
2-53 


LM112H 
MC1556U 
2-126 
LMl17H 
LM117H 
3-20 
LMl17K 
LM117K 
3-20 
LM117LH 
LMl17LH 
3-28 
LM11BH 
MC1741SG 
2-169 


LM120H·50 
MC7905CK 
3-'68 
LM120H-12 
MC7912CK 
3-168 
LM120H·15 
MC7915CK 
3-168 
LM120K·50 
MC7905CK 
3-168 


LM120K·12 
MC7912CK 
3-168 


LM120K-15 
MC7915CK 
3-168 
LM122H 
MC'556G 
2-126 
LM123AK 
LM123AK 
3-36 
LM'23K 
LM123K 
3-36 
LM124AO 
LM124J 
2-59 


LM124AJ 
LM124J 
2-59 
LM124J 
LM124J 
2-59 
LM125H 
MC'568G 
3-105 
LM126H 
MC1568G 
3-105 
LM12BH 
MC1568G 
3-'05 


LM137H 
LM137H 
3-42 
LM137K 
LM137K 
3-42 
LM139AJ 
LM'39AJ 
2-65 


LM139J 
LM139J 
2-65 
LM'40AK-50 
LM140AK-5.0 
3-49 


LM140AK-12 
LM140AK·12 
3-49 


LM140AK-15 
LM140AK·15 
3-49 


LM'40K-5.0 
LM140K·5.0 
3-49 
LM140K·B,O 
LM140K·B.O 
3-49 


LM140K·12 
LM140K-12 
3-49 


LM140K-15 
LM140K-15 
3-49 


LM140LAH-5.0 
MC78L05ACG 
3-145 
LM 140LAH-6.0 
MC78L05ACG 
3-'45 


LM 140LAH·B.O 
MC7SL08ACG 
3-'45 
LM 140LAH-12 
MC78L12ACG 
3-145 


LM 140LAH-15 
MC78L15ACG 
3-'45 
LM 140LAH-50 
MC78L05ACG 
3-145 


LM 140LAH-BO 
MC78L05ACG 
3-'45 
LM143H 
MC'536G 
2-92 
LM145K 
MC7905CK 
3-168 


LM148J 
LM148J 
2-69 


LM149J 
MC4741L 
2-235 


LM150K 
LM150K 
3-65 
LM158AH 
LM15BH 
2-69 
LM15BH 
LM158H 
2-69 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Pege 
Replacement 
Replacement 


LM15BJ 
LM15BJ 
2-69 


LM'58JG 
LM158J 
2-69 


LM'58L 
LM15BH 
2-69 


LM'63J 
MC3450L 
7-72 


LM171H 
MC1590G 
2-149 


LM193AH 
LM193AH 
2-81 


LM193H 
LM193H 
2-81 


LM'93JG 
LM193H 
2-81 


LM'93U 
LM193H 
2-81 


LM201AH 
LM201AH 
2-44 


LM201AJ 
LM201AJ 
2-44 


LM201AJG 
LM201AJ 
2-44 


LM201AJ-14 
LM201AJ 
2-44 


LM201AL 
LM201AH 
2-44 


LM201AN 
LM201AN 
2-44 


\ 


LM201ANO 
LM201AND 
2-44 


LM201AP 
LM201AN 
2-44 


LM201H 
LM201AH 
2-44 


LM201J 
LM201AJ 
2-44 


LM201J-14 
LM201AJ 
2-44 


LM207H 
MC1741C 
2-169 
LM208AH 
LM20BAH 
2-49 
LM208AJ 
LM208AJ-B 
2-49 
LM208AJ-8 
LM208AJ-B 
2-49 
LM20BAN 
LM208AN 
2-49 


LM20BH 
LM20BH 
2-49 
LM20BJ 
LM20BJ 
2-49 


LM208J-8 
LM208J-8 
2-49 


LM209H 
LM209H 
3-15 


LM209K 
LM209K 
3-15 


LM211M 
LM211D 
2-53 


LM211H 
LM211H 
2-53 


lM211J-8 
LM2' 
,J-8 
2-53 


lM211JG 
lM211J-8 
2-53 


LM212H 
MC1456U 
2-126 


LM217H 
LM217H 
3·20 


LM217K 
lM217K 
3·20 
LM217KC 
LM217K 
3·20 


LM217KO 
LM217H 
3-20 
LM217LH 
LM217LH 
3-28 


LM2'8J-8 
MC1741SU 
2-169 


LM21BH 
MC1741SG 
2·169 
LM220H-5.0 
MC7905CK 
3-168 
LM220H·12 
MC7912CK 
3·168 
LM220H-15 
MC79'5CK 
3-168 


lM220K-50 
MC7905CK 
3·168 


LM220K-12 
MC7912CK 
3-168 
LM220K-15 
MC7915CK 
3·168 
LM222H 
MC1556G 
2-126 
LM223AK 
LM223AK 
3·36 


LM223K 
lM223K 
3-36 


W224AF 
LM224J 
2-59 


LM224AJ 
LM224J 
2·59 


LM224M 
LM2240 
2-59 
LM224J 
LM224J 
2-59 


LM224M 
LM224N 
2·59 
LM225H 
MC1568G 
3-'05 
LM226H 
MC1568G 
3-'05 
LM228H 
MC'568G 
3·105 
LM237H 
LM237H 
3-42 


LM237K 
LM237K 
3·42 
LM239AJ 
LM239AJ 
2-65 
LM239AN 
LM239AN 
2·65 
LM239M 
LM239D 
2-65 
LM239J 
LM239J 
2-65 


lM239N 
LM239N 
2-65 
LM204LAH-50 
MC78L05ACG 
3-145 


LM204LAH-80 
MC78L08ACG 
3·145 


LM240LAH-12 
MC7BL12ACG 
3-145 


LM240lAH-15 
MC78L15ACG 
3-'45 


LM240LAZ-50 
MC78L05ACP 
3·145 


LM240LAZ-60 
MC78L05ACP 
3·145 


LM240LAZ-B 
0 
MC78LOBACP 
3·'45 


LM240LAZ-12 
MC7Bl12ACP 
3-'45 
LM240LAZ-15 
MC78L15ACP 
3-145 


Motorola 
Motorol. 


Pert 
Number 
Direct 
Similer 
Pege 


Replecement 
Replecement 


LM240LAZ-18 
MC78L1BACP 
3-145 


LM240LAZ-24 
MC78L24ACP 
3-145 


LM243H 
MC1536G 
2·100 


LM245K 
MC7905CK 
3-168 


LM24BJ 
LM248J 
2-69 


LM249N 
MC4141P 
2-244 


LM249J 
MC4741L 
2-244 


LM250K 
LM250K 
3-75 


LM258AH 
LM258H 
2-75 


LM258M 
LM25BO 
2-75 


LM258H 
LM258H 
2-75 


LM258J 
LM258J 
2·75 


LM258N 
LM258N 
2·75 


LM271H 
MC1590G 
2-149 


LM285Z-12 
LM285Z-' 
2 
2-75 


LM285Z-25 
LM285Z-25 
2-75 


LM293AH 
LM293AH 
2-81 


LM293H 
LM293H 
2-61 


LM293P 
LM293H 
2-81 


LM293U 
LM293H 
2-81 


LM301AM 
LM301AD 
2-44 
LM301AH 
LM301AH 
2-44 


LM30,AJ 
LM30,AJ 
2-44 
LM30,AJD 
LM30,AJD 
2-44 
LM301AJOS 
LM301AJDS 
2-44 


LM301AJG 
LM30,AJ 
2-44 


LM30,AJS 
LM301AJS 
2-44 
LM301AL 
LM301AH 
2-44 
LM301AN 
LM301AN 
2-44 


LM30,AND 
LM301ANO 
2·44 


LM301ANDS 
LM30tANOS 
2-44 


LM301ANS 
LM301ANS 
2-44 


LM301AP 
LM301AN 
2-44 


LM307N 
LM307N 
2-86 


LM307P 
LM307N 
2-86 


LM308AH 
LM308AH 
2-48 
LM30BAH-l 
LM308AH 
2-4S 
LM30BAH-2 
LM30BAH 
2-48 
LM308AJ 
LM308AJ 
2-48 
LM308AJ-B 
LM308AJ-8 
2-48 


LM308AJ-8D 
LM308AJ-8D 
2-48 


LM308AJ-8DS 
LM308AJ-8DS 
2-48 


LM308AJ-8S 
LM308AJ-8S 
2-48 
LM308AN 
LM308AN 
2-48 
LM308AND 
LM308AND 
2-48 


LM308ANDS 
LM308ANDS 
2-48 


LM308ANS 
LM308ANS 
2-48 
LM308M 
LM308D 
2-48 
LM308H 
LM30BH 
2-48 
LM308J 
LM308J 
2-48 


LM3OBJ-8 
LM30BJ-8 
2-48 


LM30BJ-8D 
LM30BJ-8D 
2-4S 


LM308J-8DS 
LM308J-8DS 
2-48 
LM308J-8S 
LM30BJ-BS 
2-48 


LM308N 
LM308N 
2-48 


LM308ND 
LM308ND 
2-48 


LM308NDS 
LM30BNDS 
2-48 
LM308NS 
LM308NS 
2-48 
LM309H 
LM309H 
3-15 


LM309K 
LM309K 
3-15 


LM309KC 
LM309K 
3-15 
LM311M 
LM3110 
2-52 
LM311H 
LM311H 
2-52 
LM3"J-8 
LM311J-B 
2-52 
LM3' 
1J-8D 
LM311J-BO 
2-52 


LM311J-8DS 
LM311J-8DS 
2-52 


LM311J-8S 
LM311J-SS 
2-52 


LM311JG 
LM311J-8 
2-52 


LM311N 
LM311J 
2-52 
LM311N-14 
LM311J 
2-52 


LM311NO 
LM311NO 
2-52 
LM311NOS 
LM311NDS 
2-52 
LM311NS 
LM311NS 
2-52 
LM311P 
LM311N 
2-52 
LM312H 
MC'456G 
2-126 


Motorola 
Motorola 


Part 
Number 
Direct 
Similer 
Page 
Repllcement 
Replacement 


LM317H 
LM317H 
3-20 


LM317K 
LM317K 
3-20 


LM317KC 
LM317T 
3-20 


LM317KD 
LM317T 
3-20 


LM317LH 
LM317LH 
3-28 


LM317LZ 
LM317LZ 
3-28 


LM317MP 
LM317MT 
3-20 


LM317MT 
LM317MT 
3-20 


LM317P 
LM317T 
3-20 


LM317T 
LM317T 
3-20 


lM318D 
MC1741SCU 
2-169 


LM318H 
MC1741SCG 
2-169 
lM318N 
MC1741SCP1 
2-169 
lM320H-5.0 
MC7905CK 
3-168 


LM320H-12 
MC7912CK 
3-168 


lM320H-15 
MC7915CK 
3-168 
lM320K-50 
MC7905CK 
3-168 


LM320K-12 
MC7912CK 
3-168 
LM320K-15 
MC7915CK 
3-168 
lM320lZ-50 
MC79l05ACP 
3-177 


lM320lZ-12 
MC79L 
12ACP 
3-177 
lM320lZ-15 
MC79115ACP 
3-177 
lM320MP-50 
MC7905CT 
3-168 
lM320MP-52 
MC7905.2CT 
3-168 
lM320MP-6.0 
MC7906CT 
3-168 


lM320MP-8.0 
MC7906CT 
3-168 
lM320MP-12 
MC7912CT 
3-168 
lM320MP-15 
MC7915CT 
3-168 


lM320MP-18 
MC7916CT 
3-168 
lM320MP-24 
MC7924CT 
3-168 


lM320T-5.0 
MC7905CT 
3-168 


lM320T-5.2 
MC7905.2CT 
3-168 
LM320T-12 
MC7912CT 
3-168 


lM320T-15 
MC7915CT 
3-168 
lM322H 
MC1455G 
11·4 


lM322N 
MC1455P1 
11·4 


LM323AK 
LM323AK 
3-36 
lM323AT 
lM323AT 
3-36 
lM323K 
lM323K 
3-36 
lM323T 
lM323T 
3-36 


lM324AJ 
lM324J 
2-59 


LM324AN 
lM324AN 
lM324N 
2-59 


LM324M 
LM3240 
2-59 


LM324J 
lM324J 
2-59 
lM324JD 
lM324JD 
2-59 


lM324JDS 
lM324JDS 
2-59 
lM324JS 
lM324JS 
2-59 


LM324N 
LM324N 
MC3403P 
2-59 


LM324ND 
LM324NO 
2-59 
lM324NDS 
LM324NOS 
2-59 


LM324NS 
LM324NS 
2-59 
lM325AN 
MC1468l 
3-105 
lM325H 
MC1468G 
3-105 
LM325N 
MC1468L 
3-105 
lM326H 
MC1466G 
3-105 


lM326H 
MC1468G 
3-105 


LM326N 
MC1468L 
3-105 
lM328AN 
MC1468L 
3-105 
LM328H 
MC1468G 
3-105 


lM328N 
MC1468L 
3-105 


LM337H 
LM337H 
3-42 


LM337K 
lM337K 
3-42 
lM337MP 
lM337MT 
3-42 
lM337MT 
lM337MT 
3-42 
lM337T 
LM337T 
3-42 


lM339AM 
LM339AO 
2-65 
lM339AJ 
lM339AJ 
2-65 
LM339AN 
LM339AN 
2-65 
LM339M 
LM3390 
2-65 
LM339J 
lM339J 
2-jl5 


LM339JD 
lM339JD 
2-jl5 
lM339JDS 
lM339JDS 
2-jl5 
lM339JS 
LM339JS 
2-65 
LM339N 
lM339N 
2-jl5 
lM339ND 
lM339ND 
2-65 


Motorola 
Motoroll 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


lM339NDS 
lM339NDS 
2-jl5 


lM339NS 
lM339NS 
2-jl5 


lM339P 
lM339N 
2-jl5 
lM340AK-50 
LM340AK-50 
3-49 


LM340AK·12 
lM340AK-12 
3-49 


LM340AK·15 
LM340AK-15 
3-49 


lM340AT-50 
LM340AT-50 
3-49 


LM340AT-12 
LM340AT-12 
3-49 
lM340AT-15 
LM340AT-15 
3-49 
lM340K-50 
lM340K-50 
MC7805CK 
3-49 


lM340K-6.0 
MC7806CK 
3-132 
lM340K-8.0 
lM340K-80 
MC780BCK 
3-49 
lM340K-12 
LM340K-12 
3-49 
lM340K-15 
LM340K-15 
3-49 


lM340KC-5.0 
lM340T-50 
3-49 


lM340KC-6.0 
MC7806CK 
3-132 
lM340KC-8.0 
MC7808CK 
3-132 
lM340KC-12 
lM340T-12 
3-49 


lM340KC-15 
lM340T-15 
3-49 
lM340KC-18 
MC7818CK 
3-132 


lM340KC-24 
MC7824CK 
3-132 
lM340lAH-5.0 
MC78l05ACG 
3-145 
lM340lAH-B 
0 
MC78l0BACG 
3-145 


lM340lAH-12 
MC78l12ACG 
3-145 


LM340LAH-15 
MC78115ACG 
3-145 


LM340LAZ-5,O 
MC78l05ACP 
3-145 


lM340lAZ-60 
MC78l05ACP 
3-145 


lM340lAZ-BO 
MC78l08ACP 
3-145 


lM340lAZ-12 
MC78112ACP 
3-145 


lM340lAZ-15 
MC78115ACP 
3-145 


LM340LAZ-18 
MC78118ACP 
3-145 
lM340lAZ-24 
MC78l24ACP 
3-145 
lM340T-5.0 
LM340T·5.0 
MC7805CT 
3-49 
lM340T-6.0 
lM340T-60 
MC7806CT 
3-49 
lM340T-8.0 
lM340T-8.0 
MC7808CT 
3-49 


lM340T-12 
lM340T-12 
MC7812CT 
3-49 
lM340T-15 
lM340T-15 
MC7815CT 
3-49 
lM340T-18 
LM340T-18 
MC7818CT 
3-49 
lM340T-24 
LM340T-24 
MC7824CT 
3-49 
lM341P-5.0 
MC78M05CT 
3-151 


LM341P-S.O 
MC78M06CT 
3-151 
lM341P-8.0 
MC78M08CT 
3-151 


LM341P-12 
MC7BM12CT 
3-151 


LM341P-15 
MC78MI5CT 
3-151 


LM341P-18 
MC78M18CT 
3-151 


lM341P-24 
MC78M24CT 
3-151 
lM342P-5.0 
MC78M05CT 
3-151 


lM342P-6.0 
MC78M06CT 
3-151 


lM342P-8.0 
MC78M08CT 
3-151 
lM342P-12 
MC78M12CT 
3-151 


lM342P-15 
MC78M15CT 
3-151 


lM342P-1B 
MC7BM18CT 
3-151 
LM342P-24 
MC78M24CT 
3-151 
lM343H 
MC1436G 
2-100 
lM345K 
MC7905CK 
3-168 


lM348M 
lM348D 
2-69 
lM348J 
lM348J 
2-69 
lM348N 
lM348N 
2-69 


lM349J 
MC4741Cl 
2-244 
lM349N 
MC4741Cl 
2-244 


lM350K 
lM350K 
3-65 
lM351T 
lM350T 
3-jl5 


lM35BAH 
lM358H 
2-69 


lM35BAN 
lM35BN 
2-69 
lM35BM 
lM358D 
2-69 


lM358H 
lM358H 
2-69 
lM358J 
LM35BJ 
2-69 
lM358JD 
lM358JD 
2-69 
lM358JDS 
lM358JDS 
2-69 
lM358JG 
lM358J 
2-69 


lM358JS 
lM358JS 
2-69 
lM358N 
LM358N 
2-jl9 
lM358ND 
lM358ND 
2-jl9 
lM358NDS 
LM358NDS 
2-jl9 
lM358NS 
lM35BNS 
2-69 


a 


Motorola 
Motorola 


Part 
Number 
Olrect 
Similar 
Page 
Replacement 
Replacement 


LM363AJ 
MC3450L 
7-72 


LM363AN 
MC3450P 
7-72 


LM363J 
MC3450L 
7-72 


LM363N 
MC345QP 
7-72 


LM371H 
MC1590G 
2-149 


LM385BZ-1.2 
LM385BZ-1.2 
5-4 


LM385M-1.2 
LM385D-1.2 
5-4 
LM385Z-1.2 
LM385Z-12 
5-4 
LM385BZ-2.5 
LM385BZ-25 
5-4 


LM385M-2.5 
LM385D-2.5 
5-4 


LM385Z-2.5 
LM385Z-2.5 
5-4 


LM386N 
MC34119P 
- 


LM393AH 
LM393AH 
2-131 


LM393AN 
LM393AN 
2-81 


LM393M 
LM393D 
2-81 


LM393H 
LM393H 
2-81 


LM393J 
LM393J 
2-81 


LM393JG 
LM393N 
2-81 


LM393N 
LM393N 
2-81 


LM393ND 
LM393ND 
2-81 


LM393NDS 
LM393NDS 
2-81 


LM393NS 
LM393NS 
2-81 


LM555CH 
MC1455G 
11-4 


LM555CN 
MC1455P, 
11·4 


LM555H 
MC1455G 
11-4 


LM556CD 
MC3456L 
"-40 
LM556CJ 
MC3456L 
11-40 


LM556CN 
MC3456P 
11-40 


LM556L 
MC3456L 
11-40 


LM703LN 
MC1350P 
9-15 


LM709AH 
MC1709AG 
2-157 
LM709CN 
MC1709CG 
2-157 


LM709AN-8 
MC1709CPl 
2-157 


LM709H 
MC1709G 
2-157 


LM723CD 
MC1723CJ 
3·'" 


LM723CH 
MC1723CG 
3-11' 


LM723CJ 
MC1723CL 
3-1" 


LM723CN 
MC1723CP 
3-111 


LM723H 
MC1723G 
3-111 


LM723J 
MC1723L 
3-111 


LM733CD 
MC1733CL 
2-161 


LM733CH 
MC1733CG 
2-161 


LM733CJ 
MC1733CL 
2-16' 
LM733CN 
MC1733CP 
2-16' 


LM733H 
MC1733G 
2-161 


LM733J 
MC1733L 
2-161 


LM741AH 
MC1741G 
2-169 


LM741CD 
LM741CJ 
2-169 


LM741CH 
LM741CH 
2-169 


LM741CJ-14 
LM741CJ 
2-169 


LM741CN 
lM741CN 
2-169 
LM741EH 
MC1741CG 
2-169 


LM741EJ 
MC1741CU 
2-169 


LM741EN 
MC174,CP1 
2-169 


LM741H 
LM741H 
2-169 


LM747CD 
LM747CJ 
2-180 


LM747CH 
LM747CH 
2-180 


LM747CJ 
LM747CJ 
2-180 
LM747CN 
LM747CN 
2-180 
LM747H 
LM747H 
2-180 
LM747J 
LM747J 
2-180 
lM748CH 
MC1748CG 
2-184 


LM748CJ 
MC1748CU 
2-184 


LM748CN 
MC1748CP1 
2-184 
LM748H 
MC1748G 
2-184 
LM748J 
MC1748U 
2-184 
LM833D 
LM833D 
2-90 


LM833N 
MC33078P 
2-249 


LM833P 
LM833P 
2-90 


LM837N 
MC33079P 
2-249 


LM1035 
TCA5550 
9-149 


LM1391N 
MC'39,P 
9-35 


LM14Q8J6 
MC1408L6 
6-15 
LM1408J7 
MC1408L7 
6-15 
lM1408J8 
MC1408L8 
6-15 


LM1408N6 
MC1408P6 
6-15 


LM1408N7 
MC1408P7 
6-15 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 


Replacement 
Replacement 


LM1408N8 
MC1408P 
6-15 


LM1414J 
MC'414L 
2-96 


LM1414N 
MC1414P 
2-96 


LM1458H 
MC1458G 
2-132 


LM1458J 
MC1458U 
2-132 


LM1458N 
MC1458P, 
2-132 


LM1488J 
MC,488L 
7-37 


LM,488N 
MC'488P 
7-37 


LM'489AJ 
MC1489AL 
7-43 


LM1489AN 
MC1489AP 
7-43 


LM1489J 
MC1489L 
7-43 


LM1489N 
MC1489P 
7-43 


LM1496H 
MC1496G 
8-13 


LM1496J 
MC1496L 
8-13 


LM1496N 
MC1496P 
8-13 


LM1S14J 
MC1S14L 
2-96 


LM1558H 
MC1558G 
2·132 


LM1558J 
MC1558U 
2-132 


LM1S96H 
MC1596G 
8-13 


LM1596J 
MC'596L 
8-13 


LM1822 
MC13010P 
9-73 


LM1849A 
MC3484S2 
10-19 


LM1889 
MC1374P 
9-19 


LM1900D 
MC3301P 
2-197 


LM1981 
MC13020P 
9-84 


LM2900N 
LM2900N 
MC330'P 
2-197 


LM2901M 
LM290lD 
2-65 


LM2901N 
LM2901N 
2-65 


LM2901ND 
LM290'ND 
2-65 


LM2901NDS 
LM2901NDS 
2-65 


LM2901NS 
LM2901NS 
2-65 


LM2902M 
LM2902D 
2-59 


LM2902J 
LM2902J 
2-59 


LM2902N 
LM2902N 
2-59 


LM2903 
LM2903N 
2-81 


LM2903M 
LM2903D 
2-81 


LM2903JG 
LM2903JG 
2-81 
LM2903N 
LM2903N 
2-81 
LM2903P 
LM2903N 
2-81 
LM2903U 
LM2903U 
2-81 


LM2904M 
LM2904D 
2-75 


LM2904H 
LM2904H 
2-75 


LM2904J 
LM2904J 
2-75 
LM2904N 
LM2904N 
2-75 
LM2905N 
MC1455Pl 
11-4 


LM2931AT-5.0 
LM2931AT-5.0 
3-88 
LM2931AZ-5.0 
LM2931 
AZ-5.0 
3-88 
LM293,CM 
LM2931CD 
3-88 


LM2931CT 
LM2931CT 
3-88 


LM2931T-5.0 
LM2931T-S.O 
3-88 


LM2931Z-5.0 
LM293'Z-5.0 
3-88 


LM3026 
CA3054 
9·7 


LM3045 
MC3346P 
9-40 


LM3046N 
MC3346P 
9-40 
lM3054 
CA3054 
9-7 


LM3064N 
MCl3010P 
9-73 
LM3089 
MC3356P 
8-29 


LM3146 
MC3346P 
9-40 


LM3146A 
MC3346P 
9-40 


LM3189 
MC3356P 
8-29 


LM3301N 
MC3301P 
2-197 
LM3302 
MC3302P 
2-65 


LM3302J 
MC3302L 
2-65 
LM3302N 
MC3302P 
2-65 


LM3401N 
MC3401P 
2-197 


LM3900N 
LM3900N 
MC3401P 
2-197 


LM3905 
MC1455P1 
11-4 


LM3905N 
MC1455P, 
11-4 


LM4250CH 
MC1776CG 
2-188 


LM4250CN 
MC1776CP1 
2-188 


LM425QH 
MC1776G 
2-188 


LM4500A 
TCA4500A 
9-142 


LM7805CK 
MC7805CK 
3-132 


LM7805CT 
MC7805CT 
3-132 


Motorola 
Molorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


lM7805KC 
MC7805CK 
3-132 


lM7806KC 
MC7806CK 
3-132 


lM7808KC 
MC7808CK 
3-132 


LM7812CK 
MC7812CK 
3-132 


lM7812CT 
MC7812CT 
3-132 


lM7812KC 
MC7812CK 
3-132 


lM7815CK 
MC7815CK 
3-132 


LM7815CT 
MC7815CT 
3-132 


LM7815KC 
MC7815CK 
3-132 


LM7818KC 
MC7818CK 
3-132 


LM7824KC 
MC7824CK 
3-132 


LM7905CK 
MC7905CK 
3-168 


lM7905CT 
MC7905CT 
3-168 


LM7912CK 
MC7912CK 
3-168 


lM7912CT 
MC7912CT 
3-168 


LM7915CK 
MC7915CK 
3-168 


lM7915CT 
MC7915CT 
3-168 


lM78l05ACH 
MC78L05ACG 
3-145 


lM78l05ACZ 
MC78l05ACP 
3-145 


LM78l05CH 
MC78l05CG 
3-145 


lM78l05CZ 
MC78l05CP 
3-145 


LM78L08ACH 
MC78l08ACG 
3-145 


lM78L08ACZ 
MC78L08ACP 
3-145 


lM78L08CH 
MC78l08CG 
3-145 


lM78l08CZ 
MC78l08CP 
3-145 


lM78l12ACH 
MC78112ACG 
3-145 


LM78L 
12ACZ 
MC78112ACP 
3-145 


LM78L 
12CH 
MC78112CG 
3-145 


lM78112CZ 
MC78112CP 
3-145 


lM78115ACH 
MC78115ACG 
3-145 


LM78L 
15ACZ 
MC78L 
15ACP 
3-145 


lM78115CH 
MC78115CG 
3-145 


lM78115CZ 
MC78l15CP 
3-145 


LM78L18ACZ 
MC78L18ACP 
3-145 


lM78118CZ 
MC78118CP 
3-145 


lM78l24ACZ 
MC78L24ACP 
3-145 


lM78l24CZ 
MC78L24CP 
3-145 


lM78M05CP 
MC78M05CT 
3-151 


LM78M12CP 
MC78M12CT 
3-151 
LM78M15CP 
MC78M15CT 
3-151 


lM79L05ACZ 
MC79L05ACP 
3-177 


LM79L12ACZ 
MC79L 
12ACP 
3-177 


LM79L 
15ACZ 
MC79L15ACP 
3-177 


LM79M05CP 
MC79M05CT 
3-182 


lM79M12CP 
MC79M12CT 
3-182 


LM79M15CP 
MC79M15CT 
3-182 


LM55109J 
MC75S110L 
7-176 


LM55110J 
MC75S1 
H)L 
7-176 
LM75107AN 
MC75107P 
7-171 


LM75108AJ 
MC75108L 
7-171 


LM75108AN 
MC75108P 
7-171 
LM75110J 
MC75S110L 
7-176 
lM75110N 
MC75S110P 
7-176 
LM75207L 
MC75107L 
7-171 
lM75207N 
MC75107P 
7-171 


LM75208J 
MC75108L 
7-171 


LM75208N 
MC75108P 
7-171 


M83759 
TL494CN 
3-316 
MC1458JG 
MC1458U 
2-132 
MC1458L 
MC1458G 
2-132 


MC1458P 
MC1458P1 
2-132 


MC1489N 
MC1489P 
7-43 


MC1489N3 
MC1489PDS 
7-43 
MC1545J 
MC1545L 
2-116 
MC3446J 
MC3446AP 
7-58 


MC3446N 
MC3446AP 
7·58 
MC3470N 
MC3470P 
MC3470AP 
7-98 
MC3481J 
MC3481L 
7-137 
MC3481N 
MC3481P 
7-137 
MC3485J 
MC3485L 
7-137 


MC3485N 
MC3485P 
7-137 


MC3486J 
MC3486l 
7-142 


MC3486N 
MC3486P 
7-142 


MC3487J 
MC3487L 
7-145 
MC3487N 
MC3487P 
7-145 


Molorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacemenl 
Replacement 


MP5531CP 
MC1404U5 
5-12 


MP5531DP 
MC1404U5 
5-12 


MP5532CP 
MC1404U10 
5-12 


MP5532DP 
MC1404U10 
5-12 


N8T15A 
MC1488l 
7-37 


N8T15F 
MC1488l 
7-37 


N8T16A 
MC1489L 
7-43 


N8T26A8 
MC8T26AP 
7-16 


N8T26AE 
MC8T26Al 
7-16 


N8T26AJ 
MC8T26Al 
7-16 


N8T26AN 
MC8T26AP 
7-16 


N8T268 
MC8T26AP 
7-16 


N8T26J 
MC8T26AL 
7-16 


N8T26N 
MC8T26AP 
7-16 


N8T288 
MC8T28P 
7-21 


N8T37A 
MC3437P 
7-51 


N8T958 
MC8T95P 
7-26 


N8T95F 
MC8T95l 
7-26 


N8T95N 
MC8T95P 
7-26 


N8T968 
MC8T96P 
7-26 


N8T96F 
MC8T96l 
7-26 


N8T96N 
MC8T96P 
7-26 


N8T978 
MC8T97P 
7-26 


N8T97F 
MC8T97l 
7-26 


N8T97N 
MC8T97P 
7-26 


N8T988 
MC8T98P 
7-26 


N8T98F 
MC8T98l 
7-26 


N8T98N 
MC8T98P 
7-26 


N5556T 
MC1456G 
2-126 


N5556V 
MC1456P1 
2-126 


N5558F 
MC1458U 
2-132 


N5558T 
MC1458G 
2-132 


N5558V 
MC1458P1 
2-132 


N5595A 
MC1495l 
11-25 


N5595F 
MC1495l 
11-25 


N5596A 
MC1496l 
8-13 


N5596K 
MC1496G 
8-13 


N5709A 
MC1709CP1 
2-157 


N5709G 
MC1709CU 
2-157 


N5709T 
MC1709CG 
2-157 


N5709V 
MC1709CP1 
2-157 


N5723A 
MCl723CP 
3-111 


N5723T 
MC1723CG 
3-111 


N5723K 
MC1733CG 
2-161 
N5741A 
MC1741CP1 
2-169 
N5741T 
MC1741CG 
2-169 


N5741V 
MC1741CP1 
2-169 
N5747A 
MC1747CL 
2-180 


N5747F 
MC1747Cl 
2-180 


N5748A 
MC1747CG 
2-180 


N5748T 
MC1748CG 
2-184 


NE501A 
MC1733Cl 
2-161 


NE501K 
MC1733CG 
2-161 


NE531G 
MC1439G 
2-108 


NE531T 
MC1439G 
2-108 


NE531V 
MC1439P 
2-108 


NE533G 
MCl776CG 
2-188 


NE533T 
MC1776CG 
2-188 


NE533V 
MCl776CG 
2-188 


NE537G 
MC1456G 
2-126 


NE537T 
MC1456G 
2-126 


NE540L 
MC1554G 
2-126 


NE550A 
MC1723CP 
3-111 


NE550l 
MCl723CG 
3-111 


NE555JG 
MC1455U 
11·4 


NE555l 
MC1455G 
11-4 


NE555N 
MC1455P1 
11-4 


NE555T 
MC1455G 
11-4 


NE55t.V 
MC1455P1 
11-4 


NE556A 
MC3456P 
11-40 


NE5561 
MC3456L 
11-40 


NE592A 
NE592A 
2-322 


NE592K 
NE592K 
2-322 
NE5561 
FE 
MC34060l 
3-185 


NE5561N 
MC34060P 
3-185 


OP-01C 
MC1536 
2-100 


ut-'-U1l..1 
MC1536 
~-lUU 
RC75110DP 
MC75S110P 
7·176 
OP-01H 
MC'536 
2-100 
REF-01CJ 
MC1404Ul0 
5-12 
OP-01J 
MC1536G 
2-100 
AEF-01CP 
MC1404U10 
5-12 
OP-01l 
MC'536G 
2-100 
REF·O'CZ 
MC1404Ul0 
5·12 
OP-01P 
MC1436Pl 
2-100 
REF-OlOJ 
MC1404U10 
5-12 


OP-08 
MCl776 
2-188 
REF-OlOP 
MC'404Ul0 
5-'2 
OP-08A 
MCl776 
2-188 
REF-01DZ 
MC1404U1Q 
5-12 
OP-08B 
MC,776 
2-188 
REF-02CJ 
MC1404U5 
5·'2 
OP-08C 
MCl776 
2-'88 
REF-02CP 
MC1404U5 
5-12 
OP-08E 
MC1776 
2-'88 
REF-02CZ 
MC1404U5 
5-'2 


OP-27AJ 
OP-27AZ 
2-327 
REF-02DJ 
MC1404U5 
5-12 
OP-27AZ 
OP-27AZ 
2-327 
REF-02DP 
MC14Q4U5 
5·12 
OP-27BJ 
OP-27BZ 
2-327 
REF-02DZ 
MC14Q4U5 
5-12 
OP-27BZ 
OP-27BZ 
2-327 
RM702T 
MC1733 
2-161 
OP-27CJ 
OP-27CZ 
2-327 
RM709T 
MC1709G 
2-157 


OP-27CZ 
OP-27CZ 
2-327 
RM723D 
MC1723l 
3-'" 
OP-27EJ 
OP-27EZ 
2-327 
RM723DC 
MC1723l 
3-111 
OP-27EP 
OP-27EP 
2-327 
RM723T 
MC1723G 
3·111 
OP-27EZ 
OP-27EZ 
2-327 
RM733D 
MC1733l 
3-111 
OP-27FJ 
OP-27FZ 
2-327 
RM733T 
MC1733G 
3-111 


OP-27FP 
OP-27FP 
2-327 
RM7410P 
MC174'P 
2-'69 
OP-27FZ 
OP-27FZ 
2-327 
AM741T 
MC1741G 
2-169 
OP-27GJ 
OP-27GZ 
2-327 
RM747D 
MC1747L 
2-180 
OP-27GP 
OP-27GP 
2-327 
RM747T 
MC1747G 
2-180 
OP-27GZ 
OP-27GZ 
2-327 
RM748T 
MC1748G 
2-184 


PWM125AK 
SG'525AJ 
3-279 
RM1514DC 
MC1514L 
2-96 


PWM125BK 
SG2525AJ 
3·279 
RM1537D 
MC'537l 
2-104 


PWM'25CK 
SG3525AJ 
3-279 
RM4'36D 
MC3503l 
2-207 
RC702T 
MC1733C 
2-161 
RM4136J 
MC3503l 
2-207 
RC700DN 
MC1709CP, 
2-157 
RM4194DC 
MC1568L 
3-105 


RC709T 
MC1709CG 
2-157 
AM4195T 
MC1568G 
3-105 


RC723D 
MC1723Cl 
3-111 
RM4558D 
MC4558U 
2-240 


RC723DB 
MC1723CP 
3-11 , 
RM4558JG 
MC4558U 
2-240 


RC723DC 
MC1723Cl 
3-111 
RM4558L 
MC4558G 
2-240 


RC723T 
MC1723CG 
3-111 
RM4558T 
MC4558G 
2-240 


RC733D 
MC1733Cl 
2-161 
RV33010B 
MC3301P 
2-'97 
RC733T 
MC1733CG 
2-161 
S5556T 
MC'556G 
2-126 


RC741DN 
MC174'CPl 
2-169 
S5558E 
MC1558U 
2-132 


RC741T 
MC1741CG 
2-169 
S5558T 
MC'558G 
2-132 
RC747D 
MC1747Cl 
2-180 
S5596F 
MC1596L 
8-13 


AC747T 
MC1747CG 
2-180 
S5596K 
MC'596G 
8-13 
RC748T 
MC1748CG 
2-184 
S5700G 
MC1700U 
2-'57 


AC1414QC 
MC1414L 
2-96 
S5700T 
MC1700G 
2-157 


RC14140P 
MC1414P 
2-96 
S5723T 
MC1723G 
3-111 
RC1488DC 
MC1488L 
7-37 
S5733K 
MC1733G 
2-161 


RC'489ADC 
MC'489Al 
7-43 
S574lT 
MC174'G 
2-169 
RC'489DC 
MC1489L 
7-43 
SA555N 
MC1455BP1 
11-4 
RC'437D 
MC1437L 
2-'04 
SE501K 
MC1733G 
2-161 
RC'437DP 
MC1437P 
2-104 
SE531G 
MC1539G 
2-108 
RC1458DN 
MC1458Pl 
2-132 
SE53lT 
MC1539G 
2-108 


RC1458T 
MC'458G 
2-132 
SE533G 
MC1776G 
2-188 


RC1556T 
MC'456CG 
2-126 
SE533T 
MCl776G 
2-188 


RC'558T 
MC1558G 
2-132 
SE537G 
MC1556G 
2-126 


RC3302DB 
MC3302P 
2-65 
SE537T 
MC1556G 
2-126 


RC4'31OP 
MC1741SCP1 
2-169 
SE550l 
MCl723G 
3-111 


AC4131T 
MC1741SG 
2-169 
SE556A 
MC3556l 
11-40 
AC4136D 
MC3403l 
2-207 
SE592A 
SE592l 
2-322 
RC4136DP 
MC3403P 
2-207 
SE592K 
SE592G 
2-322 
RC4136J 
MC3403l 
2-207 
SE5561FE 
MC35060l 
3·185 
RC4136N 
MC3403P 
2-207 
SG'ooT 
MCl723G 
3-111 


RC4'94DC 
MC1468L 
3-105 
SG'O'AD 
LM101AH 
2-44 
RC4195NB 
MC146tll 
3-'05 
SG101AT 
LM101AH 
2-44 
RC4'95T 
MC146tlG 
3·'05 
SG101J 
LM101AH 
2-44 
RC4558DN 
MC4558CP1 
2-240 
SGlOlT 
LM1Q1AH 
2-44 
RC4558JG 
MC4558CU 
2-240 
SG107J 
MC1741 
2-169 


RC4558l 
MC4558CG 
2-240 
SGlO7T 
MC1741 
2-169 
RC4558P 
MC4558CPl 
2-240 
SG108AJ 
lM108AJ 
2-48 
RC4558T 
MC4558CG 
2-240 
SG108AT 
lM'08AH 
2-48 
RC75,07AD 
MC75107l 
7-171 
SG'08J 
lM'08J 
2-48 
RC751Q7ADP 
MC75107P 
7-17' 
SG108T 
lM'08H 
2-48 


RC75108AD 
MC75108L 
7·'7' 
SGlOOK 
LM109K 
3-15 
RC75108ADP 
MC75108P 
7·171 
SG109R 
lM'09K 
3-15 
RC75109D 
MC75S110l 
7-176 
SGlOOT 
LM109H 
3-15 
RC75100DP 
MC75S110P 
7-176 
SG11lO 
LM111J 
2-53 
RC75110D 
MC75S110l 
7-176 
SGlllT 
LMlllH 
2-53 


MOTOROLA 
LINEAR/INTERFACE 
DEVICES 


1-16 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


SGl17K 
LMl17K 
3-20 


SG117R 
LMl17K 
3-20 


SG117T 
LMl17H 
3-20 


SG118T 
MC1741SG 
2-174 


SG123K 
LM123K 
3-36 


SG124J 
LM124J 
2-59 


SG137K 
LM137K 
3-42 


SG137R 
LM137K 
3-42 


SG137T 
LM137H 
3-42 


SG140K-05 
LM140K-5.0 
3-49 


SG140K-08 
LM140K-8.0 
3-49 


SG140K-12 
LM140K-12 
3-49 


SG140K-15 
LM140K-15 
3-49 
SG150K 
LM150K 
3-65 


SG200T 
MC1723G 
3-11 1 


SG201AD 
LM201AH 
2-44 


SG201AM 
LM201AN 
2-44 


SG201AN 
LM201AN 
2~44 


SG201AT 
LM201AH 
2-44 


SG201J 
LM201AH 
2-44 


SG201M 
LM201AN 
2-44 


SG201N 
LM201AN 
2-44 


SG20lT 
LM201AH 
2-44 


SG207J 
MC1741C 
2-169 


SG207M 
MC1741C 
2-169 


SG207N 
MC1741C 
2-169 


SG207T 
MC1741C 
2-169 


SG208AJ 
LM208AJ 
2-48 


SG208AM 
LM208AJ-8 
2-48 


SG208AT 
LM208AH 
2-48 


SG208J 
LM208J 
2-48 
SG208M 
LM208J-8 
2-48 
SG208T 
LM208H 
2-48 
SG209K 
LM209K 
3-15 
SG209R 
LM209K 
3-15 


SG209T 
LM209H 
3-15 
SG211D 
LM211J-8 
2-53 
SG211M 
LM211J-8 
2-53 
SG211T 
LM211H 
2-53 
SG217K 
LM217K 
3-20 


SG217R 
LM217K 
3-20 
SG217T 
LM217H 
3-20 
SG218J 
MC1741SL 
2-174 
SG218M 
MC1741SL 
2-174 
SG218T 
MC1741SG 
2-174 


SG223K 
LM223K 
3-36 


SG224J 
LM224J 
2-59 


SG224N 
LM224N 
2-59 


SG237K 
LM237K 
3-42 


SG237R 
LM237K 
3-42 


SG237T 
LM237H 
3-42 


SG250K 
LM250K 
3-65 
SG300N 
MC1723CP 
3-111 
SG300T 
MC1723CG 
3-111 
SG301AD 
LM301AH 
2-44 


SG301AM 
LM301AN 
2-44 
SG301AN 
LM301AN 
2-44 
SG301AT 
LM301AH 
2-44 
SG307J 
LM307N 
2-86 
SG307M 
LM307N 
2-86 


SG30lN 
LM307N 
2-86 
SG308AJ 
LM308AJ 
2-48 
SG308AM 
LM308AN 
2-48 
SG308AT 
LM308AH 
2-48 
SG308J 
LM308J 
2-48 


SG308M 
LM308N 
2-48 
SG308T 
LM308H 
2-48 
SG309K 
LM309K 
3-15 
SG309P 
LM309K 
3-15 
SG309R 
LM309K 
3-15 


SG309T 
LM309H 
3-15 
SG311D 
LM311J 
2-53 
SG311M 
LM311N 
2-53 
SG31lT 
LM311H 
2-53 


-- 


SG317K 
LM317K 
3-20 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


SG317P 
LM317T 
3-20 


SG317R 
LM317T 
3-20 


SG317T 
LM317H 
3-20 


SG318J 
MC1741SCL 
2-174 


SG318M 
MC1741CP1 
2-169 


SG318T 
MC1741CG 
2-169 


SG324J 
LM324J 
2-59 


SG324N 
LM324N 
2-59 


SG337K 
LM337K 
3-42 
SG337P 
LM337T 
3-42 


SG337R 
LM337T 
3-42 


SG337T 
LM337H 
3-42 


SG340K-05 
LM340K-_50 
3-49 


SG340K-08 
LM340K-80 
3-49 


SG340K-12 
LM340K~12 
3-49 


SG340K-24 
LM340K-24 
3-49 
SG350K 
LM350K 
3-65 


SG501AJ 
MC1468G 
3-105 
SG555CM 
MC1455P1 
11-4 


SG555CT 
MC1455G 
11-4 


SG556CJ 
MC3456L 
"-40 
SG556CN 
MC3456P 
11-40 


SG556J 
MC3556L 
11-40 
SG556N 
MC3556L 
11-40 
SG723CD 
MC1723CL 
3-111 


SG723CJ 
MC1723CL 
3-11 1 


SG723CN 
MC1723CP 
3-111 
SG723CT 
MC1723CG 
3-111 
SG723D 
MC1723L 
3-11 1 
SG723J 
MC1723L 
3-111 


SG723T 
MC1723G 
3-111 
SG733CD 
MC1733CL 
2-161 
SG733CN 
MC1733CP 
2-161 
SG733CT 
MC1733CG 
2-161 
SG733') 
MC1733L 
2-161 


SG733N 
MC1733L 
2-161 


SG733T 
MC1733G 
2-161 


SG741CM 
MC1741CP1 
2-169 


SG741CT 
MC1741CG 
2-169 
SG741SCM 
MC1741SCP1 
2-174 


SG741SCT 
MC1741SCG 
2-174 
SG741ST 
MC1741SG 
2-174 
SG741T 
MC1741G 
2-169 
SG747CJ 
MC1747CL 
2-180 
SG747CN 
MC1747CP2 
2-180 


SG747CT 
MC1747CG 
2-180 
SG747J 
MC1747L 
2-180 
SG747T 
MC1747G 
2-180 
SG748CD 
MC1748CP1 
2-184 
SG748CM 
MC1748CP1 
2-184 


SG748CN 
MC1748CP1 
2-184 


SG748CT 
MC1748CG 
2-184 


SG748D 
MC1748G 
2-184 


SG748T 
MC1748G 
2-184 


SG777CJ 
LM308AJ 
2-48 


SG777CM 
LM308AN 
2-48 
SG777CN 
LM308AN 
2-48 
SG777CT 
LM308AH 
2-48 
SG777J 
LM108AJ 
2-48 
SG777T 
LM108AH 
2-48 


SG11 
18AJ 
LM108AJ 
2-48 
SGl118AT 
LM108AH 
2-48 
SG1118J 
LM108J 
2-48 
SG 1118T 
L'M108H 
2-48 
SG1217 
MC1741G 
2-169 


SG1217T 
MC1741SG 
2-174 


SG1250T 
MCl776G 
2-186 
SG1402N 
MC1594L 
11-11 
SG1402T 
MC1594L 
11-11 
SG1436CT 
MC1436CG 
2-100 


SG1436M 
MC1436U 
2-100 
SG1436T 
MC1436G 
2-100 
SG1456CT 
MC1456CG 
2-126 
SG1456T 
MC1456G 
2-126 
SG1458M 
MC1458P1 
2-132 


a 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


SG1458T 
MC1458G 
2-132 


SG1468J 
MC1468L 
3-105 


SG1468N 
MC1468L 
3-105 


SG1468T 
MC1468G 
3-105 


SG1495D 
MC1495L 
11-25 


SG1495N 
MC1495L 
11-25 


SG1496D 
MC1496L 
8-13 


SG1496N 
MC1496L 
8-13 


SG1496T 
MC1496G 
8-13 
SG1501AD 
MC1568L 
3-105 


SG1501AJ 
MC1568L 
3-105 


SGl501AT 
MC1568G 
3-105 


SG1501J 
MC1568L 
3-105 


SG1501T 
MC1568G 
3-105 


SG1502D 
MC1568L 
3-105 


SG1502J 
MC1568L 
3-105 


SG1502N 
MC1568L 
3-105 


SG1503 
MC1503U 
5-8 


SG1503T 
MCl503U 
5-8 


SG1503Y 
MC1503U 
5-8 


SG1524J 
TL494MJ 
3-316 


SG1525AJ 
SG1525AJ 
3-279 


SG1526J 
SG1526J 
3-286 


SG1527AJ 
SG1527AJ 
3-279 


SG1536T 
MC1536G 
2-100 


SG1556T 
MC1556G 
2-126 


SG1558T 
MC1558G 
2-132 


SG1568J 
MC1568L 
3-105 


SGl568T 
MC1568G 
3-105 


SG1595D 
MC1595L 
11-25 


SG1596D 
MC'596L 
8-13 


SG1596T 
MC1596G 
8-13 


SG1660D 
LM301AH 
2-44 


SG1660J 
LM308J 
2-48 


SG1660M 
LM308N 
2-48 


SG1660T 
LM308H 
2-48 


SG1760J 
LM308J 
2·4B 


SG1760M 
LM308N 
2-48 


SG1760T 
LM308H 
2-48 


SG211BAJ 
LM20BAJ 
2-48 


SG211BAM 
LM20BAJ-B 
2-48 
SG211BAT 
LM20BAH 
2-48 
SG2118J 
LM208J 
2-48 


SG2"8M 
LM208J-8 
2-48 
SG2118T 
LM20BH 
2-48 


SG2250T 
MC1776G 
2-188 


SG2402N 
MC1494L 
11-11 


SG2402T 
MC1494L 
11-11 


SG2501AO 
MC1468L 
3-105 
SG2501AT 
MC1468G 
3-105 


SG2501D 
MC1468L 
3-105 
SG2501J 
MC1468L 
3-105 
SG2501N 
MC1468L 
3-105 
SG250lT 
MC146BG 
3-105 
SG2502J 
MC1468L 
3-105 


SG2502N 
MC1468L 
3-105 


SG2503M 
MC1403AU 
5-8 


SG2503T 
MC1403AU 
5-8 
SG2503Y 
MC1403AU 
5·8 
SG2524J 
TL4941J 
3-316 


SG2525AJ 
SG2525AJ 
3-279 


SG2526J 
SG2526J 
3-286 


SG2527AJ 
SG2527AJ 
3·279 
SG3118AJ 
LM308AJ 
2·48 
SG311BAM 
LM30BAN 
2-48 


SG3118AT 
LM30BAH 
2-48 


SG3118J 
LM308J 
2-48 


SG311SM 
LM308N 
2-48 


SG3118T 
LM308H 
2-48 


SG3250T 
MC1776G 
2-188 


SG3402N 
MC1494L 
11-11 
SG3402T 
MC1494L 
11-11 
SG3423M 
MC3423P1 
3·117 
SG3423Y 
MC3423U 
3·'17 
SG3S01AD 
MC1468L 
3-105 


Molorola 
Motorola 


Part 
Number 
Direct 
Similar 
Pag_ 


Replacement 
Replacement 


SG3501AJ 
MC1468L 
3-105 


SG3501AN 
MC1468L 
3-105 


SG3501AT 
MC1468G 
3·105 


SG3501J 
MC1468L 
3-105 


SG3501D 
MC1468L 
3-105 


SG3501N 
MC1468L 
3-105 


SG350lT 
MC1468G 
3-105 


SG3502D 
MC1468L 
3-105 


SG3502G 
MC1468G 
3-105 


SG3502J 
MC1468L 
3·105 


SG3502N 
MC1468L 
3-105 


SG3503 
MC1403U 
5-8 


SG3503M 
MC1403U 
5·8 
SG3503T 
MC1403U 
5-8 
SG3503Y 
MC1403U 
5·8 


SG3523Y 
MC3523U 
3-117 


SG3524J 
TL494CJ 
3-316 


SG3525AJ 
SG3525AJ 
3-279 


SG3525AN 
SG3525AN 
3-279 
SG3526J 
SG3526J 
3-286 


SG3527AJ 
SG3527AJ 
3-279 


SG3527AN 
SG3527AN 
3-279 


SG4194CJ 
MC1468L 
3-105 


SG4194J 
MC1568L 
3·105 


SG4250CM 
MCl776CPl 
2-188 


SG4250CT 
MC1776CG 
2-188 


SG4250T 
MCl776G 
2-188 
SG4501D 
MC1468L 
3-105 


SG4501J 
MC1468L 
3-105 


SG4501N 
MC1468L 
3-105 


SG450lT 
MC1468G 
3-105 


SG7805ACK 
MC7805ACK 
3-132 


SG7805ACP 
MC7805ACT 
3·132 
SG7805ACR 
MC7805ACT 
3-132 
SG7805ACT 
MC7805ACT 
3·132 


SG7805AK 
MC7B05AK 
3-132 


SG7B05AR 
MC7805AK 
3·132 
SG7B05AT 
MC7805AK 
3-132 


SG7805CK 
MC7805CK 
3·132 
SG7805CP 
MC7805CT 
3-132 


SG7805CR 
MC7805CT 
3·132 
SG7805CT 
MC78M05CG 
3-151 
SG7805K 
MC7805K 
3·132 
SG7805R 
MC7805K 
3-132 
SG7805T 
MC7805K 
3·132 


SG7806ACP 
MC7806ACT 
3-132 
SG7806ACR 
MC7806ACT 
3-132 
SG7806ACT 
MC7806ACT 
3-132 
SG7806CK 
MC7806CK 
3·132 
SG7806CP 
MC7806CT 
3·132 


SG7806CR 
MC7806CT 
3·132 
SG7806K 
MC7806K 
3-132 
SG7806R 
MC7806K 
3·132 
SG7806T 
MC7B06K 
3-132 
SG7808ACP 
MC7808ACT 
3-132 


SG7808ACR 
MC78M08ACT 
3·151 
SG7808ACT 
MC7808ACT 
3-132 
SG7808CK 
MC7808CK 
3-132 
SG7808CP 
MC7808CT 
3·132 
SG7808CR 
MC7808CT 
3·132 


SG7808CT 
MC78M18CG 
3-151 
SG7808K 
MC7808K 
3·132 
SG7808R 
MC7808K 
3·132 
SG7808T 
MC7808K 
3·132 
SG7812ACK 
MC7812ACK 
3-132 


SG7812ACP 
MC7B12ACT 
3-132 
SG7812ACR 
MC7B12ACT 
3-'32 
SG7S12ACT 
MC7812ACT 
3-132 
SG7812AK 
MC7812AK 
3-132 
SG7812AR 
MC7812AK 
3-132 


SG7812AT 
MC7812AK 
3·132 
SG7812CK 
MC7812CK 
3-132 
SG7812CP 
MC7812CT 
3-132 
SG7812CR 
MC7812CT 
3-132 
SG7812CT 
MC78M12CG 
3-151 


Motorola 
Molorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


SG7812K 
MC7812K 
3-132 


SG7815ACK 
MC7815ACK 
3-132 


SG7815ACP 
MC7815ACT 
3-132 


SG7815ACR 
MC7815ACT 
3-132 


SG7815ACT 
MC7815ACT 
3-132 


SG7815AK 
MC7815AK 
3-132 


SG7815AR 
MC7815AK 
3-132 


SG7815AT 
MC7815AK 
3-132 


SG7815CK 
MC7815CK 
3-132 


SG7815CP 
MC7815CT 
3-132 


SG7815CR 
MC7815CT 
3-132 


SG7815CT 
MC78M15CG 
3-151 


SG7815K 
MC7815K 
3-132 
SG7815R 
MC7815K 
3-132 


SG7815T 
MC7815K 
3-132 


SG7818ACK 
MC7818ACK 
3-132 


SG7818ACP 
MC7818ACT 
3-132 


SG7818ACR 
MC7818ACT 
3-132 
SG7818ACT 
MC7818ACT 
3-132 
SG7818AK 
MC7818AK 
3-132 


SG7818AR 
MC7818AK 
3-132 


SG7818AT 
MC7818AK 
3-132 


SG7818CK 
MC7818CK 
3-132 


SG78'8CP 
MC7818CT 
3-132 


SG78'8CR 
MC78'8CT 
3-132 


SG7818CT 
MC78M18CG 
3-151 


SG7818K 
MC7818K 
3-132 
SG7818A 
MC78,8K 
3-132 
SG78,8T 
MC7818K 
3-132 
SG7824ACP 
MC7824ACT 
3-132 


SG7824ACR 
MC7824ACT 
3-132 


SG7824ACT 
MC7824ACT 
3-132 


SG7824CK 
MC7824CK 
3-132 
SG7824CP 
MC7824CT 
3-132 
SG7824CR 
MC7824CT 
3-132 


SG7824K 
MC7824K 
3-132 


SG7824R 
MC7824K 
3-132 


SG7824T 
MC7824K 
3-132 


SG7905ACK 
MC7905ACK 
3-168 
SG7905ACP 
MC7905ACT 
3-168 


SG7905ACR 
MC7905ACT 
3-168 


SG7905ACT 
MC7905ACT 
3-168 


SG7905CK 
MC7905CK 
3-168 


SG7905CP 
MC7905CT 
3-168 


SG7905CR 
MC7905CT 
3-168 


SG7905CT 
MC7905CT 
3-168 
SG7905.2CP 
MC7905.2CT 
3-168 


SG7905.2CR 
MC79052CT 
3-168 
SG79052CT 
MC7905.2CT 
3-168 
SG7908CP 
MC7908CT 
3-168 


SG7908CR 
MC7908CT 
3-168 
SG7908CT 
MC7908CT 
3-168 


SG7912ACK 
MC7912ACK 
3-168 
SG7912ACP 
MC7912ACT 
3-168 


SG7912ACR 
MC7912ACT 
3-168 


SG79'2ACT 
MC7912ACT 
3-168 
SG7912CK 
MC7912CK 
3-168 
SG7912CP 
MC7912CT 
3-168 


SG7912CR 
MC7912CT 
3-168 


SG79'2CT 
MC7912CT 
3-168 


SG7915ACK 
MC7915ACK 
3-168 
SG7915ACP 
MC7915ACT 
3-168 
SG7915ACR 
MC7915ACT 
3-168 


SG7915ACT 
MC7915ACT 
3-168 


SG79'5CK 
MC7915CK 
3-168 


SG79'5CP 
MC7915CT 
3-168 


SG7915CR 
MC79'5CT 
3-168 


SG7915CT 
MC7915CT 
3-168 


SG79'8CP 
MC7918CT 
3-168 


SH323SKC 
LM323K 
3-36 


SH8090FM 
MC1508L8 
6-15 


SN52101AL 
LM101AH 
2~44 


SN52104L 
LM101H 
2-44 


SN52107L 
MC1741 
2-169 


SN52108AL 
LM108AH 
2-48 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


SN52108L 
LM108H 
2-48 


SN52109L 
LM109H 
3-15 


SN52514J 
MC1514L 
2-96 


SN75107AJ 
MC75107L 
7-171 


SN75107AN 
MC75107P 
7-171 


SN75107BJ 
MC75107L 
7-171 


SN75107BN 
MC75107P 
7-171 


SN75108AJ 
MC75108L 
7-171 


SN75108AN 
MC75108P 
7-171 


SN75108BJ 
MC75,08L 
7-171 


SN75108BN 
MC75108P 
7-171 


SN75110AJ 
MC75S110L 
7-176 


SN75110AN 
MC75S1 
'OP 
7-176 


SN75121J 
MC3481/5L 
7-137 


SN75121N 
MC348'15P 
7-137 


SN75122J 
MC75125L 
7-181 


2N75122N 
MC75125P 
7-181 


SN75125J 
7-181 


SN75125N 
7-181 


SN75126J 
MC348115L 
7-137 


SN75126N 
MC348'15P 
7-137 


SN75127J 
MC75127L 
7-181 


SN75127N 
MC75127P 
7-181 


SN75128J 
MC75128L 
7-185 


SN75128N 
MC75128P 
7-185 


SN75129J 
MC75129L 
7-185 


SN75129N 
MC75129P 
7-185 


SN75150J 
MC1488L 
7-37 
SN75150N 
MC,4a8P 
7-37 


SN75'54J 
MC1489L 
7-43 


SN75154N 
MC1489P 
7-43 


SN75160J 
MC3447L 
7-61 


SN75160N 
MC3447P/P3 
7-61 


SN75172J 
SN75172J" 
7-189 


SN75172NG 
SN75172NG- 
7-189 


SN75173J 
SN75173J 
7-'91 


SN75173N 
SN75173N 
7-191 


SN75174J 
SN75174J" 
7-189 


SN75174NG 
SN75174NG" 
7-189 


SN75175J 
SN75175J 
7-191 


SN75175N 
SN75175N 
7-191 


SN75188J 
MC1488L 
7-37 
SN75188N 
MC1488P 
7-37 


SN75188N3 
MC1488POS 
7-37 


SN75189AJ 
MC1489AL 
7-43 


SN75189AJ4 
MC1489ALDS 
7-43 


SN75,89AN 
MC1489AP 
7-43 
SN75189J 
MC1489L 
7-43 


SN75189J4 
MC1489LDS 
7-43 


SN75189N 
MC1489P 
7-43 


SN75189N3 
MC1489PDS 
7-43 


SN75207J 
MC75'07L 
7-171 


SN7520lN 
MC75107P 
7-171 


SN75208J 
MC75108L 
7-171 


SN75208N 
MC75108P 
7-171 


SN7525'N 
MC3471P 
7-112 
SN75466J 
MC1411L 
7-30 


SN75466N 
MC1411P 
7-30 


SN75467J 
MC1412L 
7-30 


SN7546lN 
MC1412P 
7-30 


SN75468J 
MC1413L 
7-30 
SN75468N 
MC1413P 
7-30 
SN75475JG 
MC1472U 
7-34 


SN75475P 
MC1472P1 
7-34 


SN76514L 
MC'496G 
8-13 
SN76514N 
MC1496P 
8-13 


SN76564N 
MC13010P 
9-73 


SN76565N 
MC13010P 
9-73 
SN76591P 
MC1391P 
9-35 


SN76600P 
MC1350P 
9-15 
SN76665N 
MC,30'OP 
9-73 
SSS101AL 
LM101AH 
2-44 


SSS101AJ 
LM101AH 
2-44 


SSS107J 
MC1741 
2-169 
SSS107P 
MC1741 
2-169 


SSS201AJ 
LM201AH 
2-44 


a 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


SSS201Al 
LM201AH 
2-44 


SSS201AP 
LM201AN 
2-44 


SSS207J 
MC1741C 
2-169 
SSS207P 
MC1741C 
2-169 
SSS301AJ 
LM301AH 
2-44 
SSS301AL 
LM301AH 
2-44 
SSS301AP 
LM301AN 
2-44 


SSS741BJ 
MC1741G 
2-169 


SSS741CJ 
MC1741CG 
2-169 


SSS741GJ 
MC1741SG 
2-174 


SSS741GP 
MC1741SG 
2-174 
SSS741.J 
MC1741G 
2-169 


SSS747BP 
MC1747L 
2-180 
SSS747C1< 
MC1747CG 
2-180 
SSS747CM 
MC1747CF 
2-180 
SSS747CP 
MC1747CL 
2-180 
SSS747GK 
MC1747G 
2-180 


SSS747GP 
MC1741L 
2~180 


SSS747P 
MC174?L 
2-180 
SSS1408A-6Z 
MC140BL'6 
6-15 
SSS1408A-7Z 
MC1408L7 
6-15 
SSS1408A-8Z 
MC1408L8 
6-15 


SSS1458J 
MC1458G 
2-132 


SSS1508A-8Z 
MC1S0BLB 
6-15 


SSS1558J 
MC1558G 
2-132 
TA78L005AP 
MC78L05ACP 
3-145 
TA78L005P 
MC78L05CP 
3-145 


TA78LOOBAP 
MC78L08ACP 
3-145 
T A78L008P 
MC78L08CP 
3-145 
TA78L012AP 
MC78L 
12ACP 
3-145 
TA78L012P 
MC78L 
12CP 
3-145 


T A78L015AP 
MC78L15ACP 
3-145 
TAlaLalS? 
MC78L15CP 
3-145 
TA78L01SAP 
MC78L18ACP 
3-145 
TA 7aL01S? 
MC78L 
lBCP 
3-145 
TA 78L024AP 
MC78L24ACP 
3-145 


T A78L024P 
MC78L24CP 
3-145 
TA78MOSP 
MC78M05CT 
3-151 
TA78M06P 
MC78M06CT 
3-151 
TA78MOap 
MC78M08CT 
3-151 
TA78M12P 
MC78M12CT 
3-151 


TA78M1BP 
MC78M18CT 
3-151 
TA78M20P 
MC78M20CT 
3-151 
TA78M24P 
MC78M24CT 
3-151 
TA 79LOO5P 
MC79L05CP 
3-177 
TA 79L012P 
MC79L12P 
3-177 


TA79L015P 
MC79L15P 
3-177 
TA79LQ18P 
MC79L 
lap 
3-177 
TA79L024'P 
MC79L24P 
3-177 
TA7179P 
MC1468L 
3-105 
TA7502P 
MC1709Pl 
2-157 


TA7504P 
MC1741CP1 
2-169 
TA7506P 
LM301AN 
2-44 
TA7555F 
MC1455D 
11-4 
TA7555P 
MC1455P-' 
11-4 
TA75071P 
MC34001P 
2-279 


TA 75072P 
MC34002P 
2-279 
TA75074F 
MC34004P 
2-279 
TA75339F 
LM339D 
LM2901Q 
2-65 
TA75339P 
LM339N 
LM2901N 
2-65 
TA75358CF 
LM3580 
2-75 


TA75358CP 
LM358N 
LM2904N 
2-75 


TA75393F 
LM393D 
LM2903D 
2-81 
TA75393P 
LM393N 
LM2903N 
2-81 
TA75458F 
MC1458D 
2-132 


TA7545BP 
MC1458CP1 
2-132 


TA75558P 
MC4558CP1 
2-240 
TA75902F 
LM324D 
LM2902D 
2-59 


TA75902P 
lM324N 
LM2902N 
2-59 


TA76494P 
TL4941N 
3-312 


TA78005AP 
MC7805CT 
3-132 


TA78006AP 
MC7806CT 
3-132 


TA7800BAP 
MC7808CT 
3-132 


TA78012AP 
MC7812CT 
3-132 


TA78015AP 
MC7815CT 
3-132 


TA7801BAP 
MC7818CT 
3-132 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


TA78024AP 
MC7824CT 
3-132 
TA79005P 
MC7905CT 
3-168 
TA79006P 
MC7906CT 
3-168 
TA79008P 
MC7908CT 
3-168 
TA79012P 
MC7912CT 
3-168 


TA79015P 
MC7915CT 
3-168 


TA79018P 
MC7918CT 
3-168 


TA79024P 
MC7924CT 
3-168 


TBA 
120 
TBA120C 
9-137 


TBA440 
MC13010P 
9-73 


TB920 
MC1391P 
9-35 
TBA920S 
MC1391P 
9-35 
TBA1440 
MC13010P 
9-73 
TD62001 
P/AP 
MC1411P 
7-30 
TD62002P/AP 
MC1412P 
7-30 


TD62003P/AP 
MC1413P 
7-30 
TD62004PtAP 
MC1414P 
2-96 


TD62477P 
MC1472P 
7-34 
TD62479P 
MC1374P 
9-19 


TDA1085 
TDA1085C 
4-71 


TDA1524 
TCA5550 
9-149 


TDA2540 
MC13010P 
9-73 


TOA2544 
MC13010P 
9-73 
TDA4420 
MC1301QP 
9-73 
TDA4500A 
TCA4500A 
9-142 
TDA4601 
TDA4601 
3-305 
TOA4601B 
TDA4601B 
3-305 


TDA5600 
MC1301QP 
9-73 
TDC1048 
MC10319 
6-62 
TL022CJG 
LM358J 
2-75 
TL022CL 
LM358H 
2-75 
TL022CP 
LM358N 
2-75 


TL022MJG 
LM158J 
2-75 
TL022ML 
LM158H 
2-75 
TL044CJ 
LM324J 
2-59 
TL044CN 
LM324N 
2-59 
TL044MJ 
LM124J 
2-59 


TL061ACD 
TL061ACD 
2-343 


TL061ACP 
TL061ACP 
2-343 


TL061BCD 
TL061 
BCD 
2-343 


TL061BCP 
TL061BCP 
2-343 


TL061CD 
TL061CD 
2-343 


TL061CP 
TL061CP 
2-343 


TL061MJG 
TL061MJG 
2-343 


TL062ACD 
TL062ACD 
2-343 


TL062ACP 
TL062ACP 
2-343 


TL062BCD 
TL062BCD 
2-343 


TL062BCP 
TL062BCP 
2-343 
TL062CD 
TL062CD 
2-343 
TL062CP 
TL062CP 
2-343 
TL062MJG 
TL062MJG 
2-343 
TL064ACD 
TL064ACD 
2-343 


TL064ACN 
TL064ACN 
2-343 
TL064BCD 
TL064BCD 
2-343 


TL064BCN 
TL064BCN 
2-343 
TL064CD 
TL064CD 
2-343 
TL064CN 
TL064CN 
2-343 


TL064MJ 
TL064MJ 
2-343 


TL071ACJG 
TL071 
ACJG 
2-351 


TL071ACP 
TL071ACP 
2-351 


Tl071 
BCJG 
TL071 
BCJG 
2-351 


TL071BCP 
TL071BCP 
2-351 


TL071CJG 
TL071CJG 
2-351 
TL071CP 
TL071CP 
2-351 


TL072ACJG 
TL072ACJG 
2-351 


TL072ACP 
TL072ACP 
2-351 


TL072BCJG 
TL072BCJG 
2-351 


TL072BCP 
TL072BCP 
2-351 


TL072CJG 
TL072CJG 
2-351 


TL072CP 
TL072CP 
2-351 
TL074ACJ 
TL074ACJ 
2-351 
TL074ACN 
TL074ACN 
2-351 


TL074BCJ 
TL074BCJ 
2-351 


TL074BCN 
TL074BCN 
2-351 
TL074CJ 
TL074CJ 
2-351 
TL074CN 
TL074CN 
2-351 
TL081ACJG 
TL081ACJG 
2-358 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


TL081ACP 
TL08,ACP 
2-358 


TL08'BCJG 
TL08,BCJG 
2-358 


TL08,BCP 
TL08,BCP 
2-358 


TL08'CJG 
TL08'CJG 
2-358 


TL081CP 
TL08,CP 
2-358 


TL082ACJG 
TL082ACJG 
2-358 


TL082ACP 
TL082ACP 
2-358 


TL082BCJG 
TL082BCJG 
2-358 


TL082BCP 
TL082BCP 
2-358 


TL082CJG 
TL082CJG 
2-358 


TL082CP 
TL082CP 
2-358 


TL084ACJ 
TL084ACJ 
2-358 
TL084ACN 
TL084ACN 
2-358 


TL084BCJ 
TL084BCJ 
2-358 
TL084BCN 
TL084BCN 
2-358 


TL084CJ 
TL084CJ 
2-358 


TL084CN 
TL084CN 
2-358 


TL431CJG 
TL43'CJG 
5-17 


TL431CLP 
TL431CLP 
5-17 


TL431CP 
TL43'CP 
5-17 


TL4311JG 
TL4311JG 
5-'7 
TL4311P 
TL4311P 
5-'7 
TL4311LP 
TL4311LP 
5-17 


TL431MJG 
TL431MJG 
5-17 
TL494CJ 
TL494CJ 
3-316 


TL494CN 
TL494CN 
3-316 


TL4941J 
TL4941J 
3-316 


TL494lN 
TL4941N 
3-316 


TL494MJ 
TL494MJ 
3-316 


TL497CJ 
MC34063U 
3-227 


TL497CN 
MC34063Pl 
3-227 
TL497MJ 
MC35063U 
3-227 
TL514MJ 
MC1514L 
2-96 
TL594CN 
TL594CN 
3-327 
TL5941N 
TL5941N 
3-327 


TL594MJ 
TL594MJ 
3-327 


TL780-05CKC 
TL780-05CKC 
3-338 


TL780-'2CKC 
TL780-12CKC 
3-338 


TL 780-15CKC 
TL780-15CKC 
3-338 


TL7805ACKC 
MC7805ACT 
3-132 


UCl17K 
LMl17K 
3-20 


UC137K 
LM137K 
3-42 
UC150K 
LM15DK 
3-65 
UC217K 
LM217K 
3-20 
UC237K 
LM237K 
3-42 


UC250K 
LM250K 
3-65 
UC317K 
LM317K 
3-20 


UC3'7T 
LM317T 
3-20 
UC337K 
LM337K 
3-42 
UC337T 
LM337T 
3-42 


UC350K 
LM350K 
3-65 
UC494ACN 
TL594CN 
3-327 
UC494AJ 
TL594MJ 
3-327 
UC494CN 
TL494CN 
3-316 
UC494J 
TL494MJ 
3-316 


UC1525AJ 
SG1525AJ 
3-279 


UC'526J 
SG1526J 
3-286 
UC'527AJ 
SG1527AJ 
3-279 
UC2525AJ 
SG2525AJ 
3-279 


UC2526J 
SG2526J 
3-286 


UC2526N 
SG2526N 
3-286 


UC2527AJ 
SG2527AJ 
3-279 
UC2842D 
UC2842AD 
3-344 


UC2842N 
UC2842AN 
3-344 
UC2843D 
UC2843AD 
3-344 
UC2843N 
UC2843AN 
3-344 
UC3525AJ 
SG3525AJ 
3-279 
UC3525AN 
SG3525AN 
3-279 


UC3526J 
SG3526J 
3-286 
UC3526N 
SG3526N 
3-286 
UC3527AJ 
SG3527AJ 
3-279 
UC3527AN 
SG3527AN 
3-279 
UC3842D 
UC3842AD 
3-344 


UC3842N 
UC3842AN 
3·344 
UC3843D 
UC3843AD 
3-344 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


UC3843N 
UC3843AN 
3-344 


UDN57,2M 
MC1472Pl 
7-34 


ULN2001A 
ULN200,A 
MC'411P 
7-30 


ULN2001AN 
MC1411P 
7-30 


ULN2002A 
ULN2002A 
MC'4'2P 
7-30 


ULN2002AJ 
MC1412L 
7-30 


ULN2002AN 
MC1412P 
7-30 


ULN2003A 
ULN2003A 
MC1413P 
7-30 


ULN2003AJ 
MC1413L 
7-30 


ULN2003AJ4 
MC1413LDS 
7-30 


ULN2003AN 
MC1413P 
7-30 


ULN2003AN3 
MC'413PDS 
7-30 
ULN2004A 
ULN2004A 
MC'4'6P 
7-30 


ULN2004AJ 
MC1416L 
7-30 


ULN2004AJ4 
MC'4'6LDS 
7-30 


ULN2004AN 
MC1416P 
7-30 


ULN2004AN3 
MC1416PDS 
7-30 


ULN2068B 
ULN2068B 
7-200 


ULN2068NE 
ULN2068B 
7-200 


ULN2074B 
ULN2074B 
7-204 


ULN2074NE 
ULN2074B 
7-204 


ULN2'39D 
MC1439G 
2-108 


ULN2139G 
MC1439G 
2-108 


ULN2139H 
MC'439P2 
2-108 


ULN2139M 
MC1439Pl 
2-108 


ULN21510 
MC1741CG 
2-169 


ULN2151H 
MC1741CPl 
2-169 
ULN2151M 
MC1741CPl 
2-169 


ULN2'56D 
MC1456G 
2-126 
ULN2156G 
MC1456G 
2-126 
ULN2156H 
MC1456G 
2-126 
ULN2156M 
MC'456G 
2-126 
ULN2157K 
MC'458G 
2-132 


ULN2264A 
MC13010P 
9-73 
ULN2741D 
MC1741CG 
2-169 
ULN2747A 
MC1747CL 
2-180 
ULN280'A 
ULN2801A 
7-208 


ULN2802A 
ULN2802A 
7-208 


ULN2803A 
ULN2803A 
7-208 


ULN2804A 
ULN2804A 
7-208 
ULN8126A 
SG3526N 
3-286 
ULN8126R 
SG3526J 
3-286 


ULQ8,26A 
SG2526N 
3-286 


ULQ8'26R 
SG2526J 
3-286 


ULS2139D 
MC1539G 
2-108 


ULS2139G 
MC'539G 
2-108 


ULS2'39H 
MC'539L 
2-108 


ULS2139M 
MC1439P1 
2-108 


ULS2151D 
MC1741G 
2-169 


ULS2151M 
MC1741CP1 
2-169 


ULS2'56D 
MC1556G 
2-124 


ULS2'56G 
MC1556G 
2-124 


ULS2156H 
MC1556G 
2-124 


ULS2156M 
MC1556G 
2-124 


ULS2157A 
MC1558U 
2-132 
ULS2157H 
MC1558U 
2-132 
ULS2157K 
MC1558G 
2-132 


ULS8126R 
SG1526J 
3-286 
ULX8161M 
MC34060P 
3-185 


UPD6950C 
MC103'9 
6-62 
UVC3101 
MC10319 
6-62 
XR082CN 
TL082CJG 
2-358 


XR082CP 
TL082CP 
2-358 


XR082M 
TL082MJG 
2-358 


XR084CN 
TL084CJ 
2-358 


XR084CP 
TL084CN 
2-358 


XR084M 
TL084MJ 
2-358 


XR3470A 
MC3470AP 
7-98 


j.lAOB02DC-1 
MC1408L 
6-15 


"A0802DC-2 
MC1408L 
6-15 


"A0802DC-3 
MC1408L 
6-'5 
j.lA08020M-l 
MC1508L 
6-15 


j.lA0802PC-l 
MC1408P 
6-'5 
"A0802PC-2 
MC1408P 
6-'5 


j.lA0802PC-3 
MC'408P 
6-'5 


j.lA78GHM 
LM117K 
3-20 


j.lA78GKC 
LM117K 
3-20 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Page 


Replacement 
Replacement 


I-lA7BGKM 
LM117K 
3-20 


I-lA78GUC 
LM317T 
3-20 


_A78GU1C 
lM317T 
3-20 


I-lA7BH05KC 
MC7805CK 
3-132 


_A 78l05ACJG 
MC78l05ACG 
3-145 


_A 78l05AClP 
MC78l05ACP 
3-145 


_A78l05AHC 
MC78l05ACG 
3-145 


I-lA7BL05AWC 
MC78l05ACP 
3-145 


_A78l05CJG 
MC78l05CG 
3-145 


~A7BL05CLP 
MC78l05CP 
3-145 


~A7BL05HC 
MC78l05CG 
3-145 


I-lA7BL05WC 
MC78l05CP 
3-145 


~A 78LOBACJG 
MC78l08ACG 
3-145 


~A 78LOBACLP 
MC78l08ACP 
3-145 


I-lA78LOBAWC 
MC78l08ACP 
3-145 


_A78l08CJG 
MC78l08CG 
3-145 


_A 78l08ClP 
MC78l08CP 
3-145 


I-lA 7Bl12ACJG 
MC78L12ACG 
3-145 


I-lA 7BL 12ACLP 
MC78L12ACP 
3-145 


I-lA78L 12AHC 
MC78L12ACG 
3·145 


~A78L12AWC 
MC78L12ACP 
3-145 


~A78L 
12CJG 
MC78L12CG 
3-145 


~A78L 
12CLP 
MC78L12CP 
3-145 


I-lA78L 12HC 
MC78L12CG 
3-145 


I-lA7BL 12WC 
MC78L12CP 
3-145 


I-lA78L 15ACJG 
MC78L15ACG 
3-145 
I-lA7B115AClP 
MC7BL15ACP 
3-145 


~A78L 
15AHC 
MC78L15ACG 
3-145 


~A78L15AWC 
MC78L15ACP 
3-145 


~A78L 
15CJG 
MC78L15CG 
3-145 


~A7BL15CLP 
MC78L15CP 
3-145 


~A7BL15HC 
MC78L15CG 
3-145 
~A78L15WC 
MC78L15CP 
3-145 
~A78118AWC 
MC78L18ACP 
3-145 


JiA7BL24AHC 
MC78l24ACG 
3-145 


~A7BL24AWC 
MC78l24ACP 
3-145 


I-lA7BMGT2C 
LM317T 
3-20 


I-lA7BMGU1C 
LM317T 
3-20 


_A78MGUC 
LM317MT 
3-20 


_A78M05CKC 
MC78M05CT 
3-151 


~A78M05CKO 
MC78M05CT 
3-151 


jlA78M05CLA 
MC78M05CG 
3-151 


~A7BM05HC 
MC78M05CG 
3-151 
JiA7BM05HM 
MC78M05CG 
3-151 
_A78M05UC 
MC78M05CT 
3-151 


_A78M06CKC 
MC78M06CT 
3-151 


_A78M06CKD 
MC78M06CT 
3-151 


_A78M06UC 
MC78M06CT 
3-151 
_A78M08CKC 
MC78M08CT 
3-151 


jlA7BMOBCKO 
MC78M08CT 
3-151 


jlA7BMOBCLA 
MC78M08CG 
3-151 


I-lA7BMOBHC 
MC78M08CG 
3-151 


I-lA7BMOBHM 
MC78M08CG 
3-151 


_A78M08UC 
MC78M08CT 
3-151 
I-lA78M12CKC 
MC78M12CT 
3-151 


I-lA78M12CKO 
MC78M12CT 
3-151 


I-lA78M12CLA 
MC78M12CG 
3-151 


~A78M12HC 
MC78M12CG 
3-151 


~A78M12HM 
MC78M12CG 
3-151 


jlA7BM12UC 
MC78M12CT 
3-151 


I-lA7BM15CKC 
MC7BM15CT 
3-151 


I-lA7BM15CKD 
MC78M15CT 
3-151 


I-lA78M15CLA 
MC78M15CG 
3-151 


jlA78M15HC 
MC78M15CG 
3-151 


~A7BM15HM 
MC78M15CG 
3-151 


_A78M15UC 
MC78M15CT 
3-151 


_A78M18HC 
MC78M18CG 
3-151 


I-lA78M18HM 
MC78M18CG 
3-151 


~A78M18UG 
MC78M18CT 
3·151 


~A78M20CKC 
MC78M2OCT 
3-151 


J.lA7BM20CKD 
MC78M2OCT 
3-151 


_A78M20UG 
MC78M2OCT 
3-151 


_A78M24CKC 
MC78M24CT 
3-151 


_A78M24CKD 
MC78M24CT 
3-151 


~A78M24UC 
MC78M24CT 
3-151 


~A78S40DC 
J.lA7BS40DC 
3-357 


~A78S40DM 
p.A78S400M 
3-357 


_A78S40PC 
_A78S40PC 
3-357 


Motorola 
Motorola 


Part 
Number 
Direct 
Similar 
Pag_ 


Replacement 
Replacement 


~A7BS40PV 
~A78S40PV 
3-357 


~A79L05AHC 
MC79l05ACG 
3·177 


~A79l05AWC 
MC79l05ACP 
3-177 


_A79l05HC 
MC79l05CG 
3-177 


~A79L05WC 
MC79l05CP 
3-177 


_A79L12AHC 
MC79L12ACG 
3-177 


p.A79L 12AWC 
MC79L12ACP 
3-177 


J.lA79L12HC 
MC79L12CG 
3-177 


JlA79L12WC 
MC79L12CP 
3-177 


J.lA79L15AHC 
MC79L15ACG 
3-177 


~A79L15AWC 
MC79l15ACP 
3-177 


~A79L15HC 
MC79L15CG 
3-177 


JlA79L 15WC 
MC79L15CP 
3-177 


_A79M05AUC 
MC79M05CT 
3-182 


_A79M05CKC 
MC79M05CT 
3-182 


_A79M06AUC 
MC7906CT 
3-168 


_A79M06CKC 
MC7806CT 
3-132 


p.A79M06UC 
MC7906CT 
3-168 


p.A79M08AUC 
MC7908CT 
3-168 


JlA79M08CKC 
MC7908CT 
3-168 


_A79M08UC 
MC7908CT 
3-168 


JlA79M12AUC 
MC79M12CT 
3-182 


I-lA79M12CKC 
MC79M12CT 
3-182 


p.A79M15AUC 
MC79M15CT 
3-182 


_A79M15CKC 
MC79M15CT 
3-182 


JiA79M1BAUC 
MC7918CT 
3-168 


J.lA79M1BUC 
MC7918CT 
3-168 


p.A79M24AUC 
MC7924CT 
3-168 


I-lA79M24CKC 
MC7924CT 
3-168 


I-lA79M24UC 
MC7924CT 
3-168 


I-lAl01AO 
LM101AJ 
2-44 


J.lA101AF 
LM101AJ 
2-44 


J.lA101AH 
LM101AH 
2-44 


J.lA101D 
LM101AJ 
2-44 


p.A101F 
LM101AJ 
2·44 


p.A101H 
LM101AH 
2-44 


p.A107H 
MC1741 
2-169 


I-lAl0BAD 
LM10BAJ 
2-48 


~Al08AF 
LM108AH 
2-48 


~A108AH 
lM108AH 
2-48 


~A1080 
LM10BJ 
2-48 


p.Al0BH 
LM10BH 
2-48 


p.Al09KM 
LM109K 
3-15 


J.lA117KM 
LM117K 
3-20 


J.lA201AO 
lM201AJ 
2·44 


jlA201AF 
LM201AJ 
2-44 


JiA201AH 
LM201AH 
2-44 


p.A2010 
lM201AJ 
2-44 


J.lA201F 
LM201AJ 
2-44 


JlA201H 
LM201AH 
2-44 


~A207H 
MC1741C 
2-169 


~A20BAD 
lM208AJ 
2-48 


_A208AF 
lM208AH 
2-48 


_A208AH 
lM208AH 
2-48 


p.A20BO 
lM208J 
2-48 


_A208H 
lM208H 
2-48 


~A209KM 
lM209K 
3-15 


I-lA217UV 
lM217K 
3-20 


J.lA301AO 
LM301AJ 
2-44 


p.A301AH 
LM301AH 
2-44 


p.A301AT 
LM301AN 
2-44 
p.A307T 
lM307N 
2-86 


p.A308AD 
lM308AJ 
2-48 


p.A308AH 
lM308AH 
2-48 


JlA30BO 
lM308J 
2-48 


JlA30BH 
LM308H 
2-48 


~A309KC 
LM309K 
3-15 


~A31 1T 
LM311N 
2-53 
~A317KC 
LM317K 
3-20 


p.A317UC 
LM317T 
3-20 
p.A431AWC 
TL431CP 
5-17 
I-lA494DC 
TL494CJ 
3-316 


J.lA494DM 
TL494MJ 
3-316 
J.lA494PC 
TL494CN 
3-316 
J.lA555HC 
MC 1455G 
11-4 


JiA555TC 
MC1455P1 
11-4 


J.lA5560C 
MC3456L 
11·40 


p.A5560M 
MC3556l 
11·40 


Motorola 
Motorola 


Part Number 
Direct 
Similar 
Page 
Replacement 
Replacement 


J..IA556PC 
MC3456P 
11-40 


_A702DC 
MC1733C 
2-161 


J..IA7020M 
MC1733 
2-161 


J..IA702FM 
MC'733 
2-161 


J..IA702HC 
MC1733C 
2-161 


J..IA702HM 
MC1733 
2-161 


J..IA702MJ 
MC1733 
2-161 


J..IA702ML 
MC1733 
2-161 


J..IA709AHM 
MC1709AG 
2-157 


J..IA709AMJG 
MC1709AU 
2-157 


J..IA709AML 
MC1709AG 
2-157 


J..IA709CJG 
MC1709CU 
2-157 


J..IA709CL 
MC1709CG 
2-157 


J..IA709CP 
MC1709CP, 
2-157 


J..IA709HC 
MC1709CG 
2-157 


J..IA709HM 
MC1709G 
2-157 


J..IA709MJG 
MC1709U 
2-157 


J..IA709ML 
MC1709G 
2-157 


J..IA709TC 
MC1709CP1 
2-157 


J..IA7150C 
MC174'SCU 
2-174 


J..IA7150M 
MC1741SU 
2-174 


J..IA715HC 
MC174'SCG 
2-174 


J..IA715HM 
MC'741SG 
2-174 


J..IA723CF 
MC,723CL 
3·111 


J..IA723CJ 
MC1723CL 
3-11 , 


J..IA723CL 
MC'723CG 
3-111 


J..IA723CN 
MC1723CP 
3-111 


J..IA723DC 
MC1723CL 
3-111 


J..IA7230M 
MC1723L 
3-111 


J..IA723F 
MCl723L 
3-111 


J..IA723HC 
MCl723CG 
3-111 


J..IA723HM 
MC1723G 
3-111 


J..IA723MJ 
MC1723L 
3-111 


#lA723ML 
MC1723G 
3-111 


#lA723PC 
MC1723CP 
3-111 


#lA725AHM 
LM108AH 
2-48 


#lA725EHC 
LM308AH 
2-48 


#lA725HC 
LM308AH 
2-48 


#lA725HM 
LM108AH 
2-48 


#lA733CJ 
MC1733CL 
2-161 


#lA733CL 
MC1733CG 
2-161 


#lA733CN 
MC1733CP 
2-161 


IJA733DC 
MC1733CL 
2-161 


IJA733DM 
MC1733L 
2-161 


IJA733FM 
MC1733F 
2-161 


IJA733HC 
MC1733CG 
2-161 


IJA733HM 
MC1733G 
2-161 


IJA733MJ 
MC1733L 
2-161 


IJA733ML 
MC1733G 
2-161 


IJA7340C 
LM311J 
2-53 


JJA734DM 
LM311J 
2-53 


j.lA734HC 
LM311H 
2-53 


j.lA734HM 
LM311H 
2-53 


IJA740HC 
LF355H 
2-16 


J.lA741AOM 
MC1741L 
2-169 
#lA741AHM 
MC1741G 
2-169 
IJA741CJG 
MC1741CU 
2-169 
J.lA741CL 
MC1741CG 
2-169 


J..IA741CP 
MC1741CP1 
2-169 
J..IA741EHC 
MC1741G 
2-169 
J..IA741HM 
MC1741G 
MC1741G 
2-169 
J..IA741MJG 
MC1741U 
2-169 


j.lA741ML 
MC174'G 
2-169 


~IA741RC 
MC174'CU 
2-169 


IJA741RM 
MC1741U 
MC1741G 
2-169 
j.lA7420C 
CA3059 
4-8 


J.lA747AOM 
MC1747L 
2-180 
,uA747AHM 
MC1747G 
2-180 
,uA747CL 
MC1747CG 
2-180 
#lA747CN 
MC1747CP2 
2-180 
#lA7470C 
MC1747CL 
2-180 


J.lA7470M 
MC1747L 
2-180 


J.lA747EOC 
MC1747CL 
2-180 


J.lA747EHC 
MC'747CG 
2-180 


J..IA747HC 
MC1747CG 
2-180 


J..IA747HM 
MC1747G 
2-180 


Motorota 
Motorol. 


Part Number 
Direct 
Simll.lr 
Page 
Replacement 
Replacement 


J.lA747MJ 
MC1747L 
2-180 


IJA747ML 
MC1747G 
2-180 


IJA747PC 
MC1747CP2 
2-180 
J..IA748AHM 
MC1748G 
2-184 


_A748CJG 
MC1748CU 
2-184 


J.lA748CL 
MC1748CG 
2-184 


#lA748CP 
MC1748CPl 
2-184 


#lA748HC 
MC1748CG 
2-184 


J.lA748HM 
MC1748G 
2-184 


J.lA748MJG 
MC1748U 
2-184 


j.lA748ML 
MC1748G 
2-184 


J..IA748TC 
MC1748CP1 
2-184 


_A757DC 
MC1350P 
9-15 


J..IA7570M 
MC1350P 
9-15 


,uA772 
MC1741S 
2-174 


IJA7750C 
LM339J 
2-65 


j.lA7750M 
LM339J 
2-65 


j.lA775PC 
LM339N 
2-65 


,uA776DC 
MCl776CG 
2-188 


J.lA776DM 
MC'776G 
2-188 


,uA776HC 
MCl776CG 
2-188 


,uA776HM 
MCl776G 
2-188 


,uA776TC 
MCl776CP1 
2-188 
,uA777CJ 
LM308AJ-8 
2-48 


,uA777CJG 
LM308AJ-8 
2-48 


JJA777CL 
LM308AH 
2-48 
,uA777CN 
LM308AN 
2-48 


,uA777CP 
LM308AN 
2-48 


IJA777DC 
LM308AJ-8 
2-48 


IJA777HC 
LM308AH 
2-48 


,uA777MJ 
LM108AJ-8 
2-48 


IJA777MJG 
LM108AJ-8 
2-48 


IJA777ML 
LM108AH 
2-48 
IJA777TC 
LM308AN 
2-48 


J.lA796DC 
MC'496L 
8-13 


IJA796DM 
MC'596L 
8-13 
J..IA796HC 
MC'496G 
8-13 
J..IA796HM 
MC1596G 
8-13 
_A798HC 
MC3458G 
2-229 
IJA798HM 
MC3558G 
2-229 


IJA798AC 
MC3458U 
2-229 


IJA798RM 
MC3558U 
2-229 


,uA798TC 
MC3458Pl 
2-229 


,uA799HC 
MC1741G 
2-169 


,uA799HM 
MC1741G 
2-169 


J.lA1391PC 
MC1391P 
9-35 


_A'458CHC 
MC1458CG 
2-132 


IJA1458CP 
MC1458CP1 
2-132 


,.,.A1458CRC 
MC1458CU 
2-132 


,.,.A1458CTC 
MC1458CP, 
2-132 


J..IA1458E 
MC1458G 
2-132 
J.lA1458HC 
MC1558G 
2-132 
j.lA1458P 
MC1458P1 
2-132 
J..IA1458RC 
MC1458U 
2-132 
_A1458TC 
MC1458P1 
2-132 


_A'558E 
MC1558G 
2-132 


IJA1558HM 
MC1558G 
2-132 
_A2240DC 
MC1455U 
11-4 


IJA2240PC 
MC1455P1 
11-4 
IJA3026HM 
CA3054 
9-7 


,.,.A3045 
MC3346P 
9-40 
J.lA3046DC 
MC3346P 
9-40 
J.lA3054DC 
CA3054P 
9-7 


j.lA3064PC 
MC130'OP 
9-73 


,.,.A3301P 
MC3301P 
2-197 
J.lA3302P 
MC3302P 
2-65 


_A3303P 
MC3303P 
2-207 


#lA3401P 
MC340'P 
2-197 


J.lA3403D 
MC3403L 
2-207 


IJA3403P 
MC3403P 
2-207 
J.lA4136DC 
MC4741CL 
2-244 


J.lA4136DM 
MC4741L 
2-244 


J.lA4136PC 
MC4741CP 
2-244 
JJA4558HC 
MC4558CG 
2-24Q 


- ;A780SCKC 
MC7805CT 
3-132 
"A7824CKC 
MC7824CT 
3-132 


"A7805KC 
MC7805CK 
3-132 
IJA7824KC 
MC7824CK 
3-132 


"A7805KM 
MC7805K 
3-132 
IJA7824KM 
MC7824K 
3-132 


p.A780SUC 
MC7805CT 
3-132 
IJA7824UC 
MC7824CT 
3-132 


IJA780SUV 
MC7805BT 
3-132 
IJA7824UV 
MC7824BT 
3-132 


"A7806CKC 
MC7806CT 
3-132 
"A7905CKC 
MC7905CT 
3-168 


j..IA7806KC 
MC7806CK 
3-132 
j..IA790SKC 
MC7905CK 
3-168 


j..IA7806KM 
MC7606K 
3-132 
j..IA790SKM 
MC7905CK 
3-168 


"A7806UC 
MC7B06CT 
3-132 
"A7905UC 
MC7905CT 
3-168 


IJA7806UV 
MC7806BT 
3-132 
"A79052CKC 
MC79052CT 
3-168 


.uA7808CKC 
MC7808CT 
3-132 
"A7906CKC 
MC7906CT 
3-168 


.uA7808KC 
MC7808K 
3-132 
JJA7906UC 
MC7906CT 
3-168 


JJA7808KM 
MC7808K 
3-132 
.uA7908CKC 
MC7908CT 
3-168 


"A7808UC 
MC7808CT 
3-132 
"A7908KC 
MC7908CT 
3-168 


JJA7808UV 
MC7808BT 
3-132 
JJA7908UC 
MC7908CT 
3-168 


JJA7812CKC 
MC7812CT 
3-132 
.uA7912CKC 
MC7912CT 
3·168 


p.A7812KC 
MC7B12CK 
3-132 
j.lA7912KC 
MC7912CK 
3-168 


JJA7812KM 
MC7812K 
3-132 
JJA7912KM 
MC7912CK 
3-168 


j..IA7812UC 
MC7812CT 
3-132 
pA7912UC 
MC7912CT 
3-168 
j..IA7812UV 
MC7812BT 
3-132 
IJA791SCKC 
MC7915CT 
3-168 


j.lA781SCKC 
MC7815CT 
3-132 
j.lA791SKC 
MC7915CK 
3-168 


j.lA781SKC 
MC781SCK 
3-132 
j.lA791sKM 
MC7915CK 
3-168 


JJA7S1SKM 
MC781sK 
3-132 
j.lA791 sue 
MC7915CT 
3-168 


j.lA781sUe 
MC7815CT 
3-132 
.uA7918CKC 
MC7918CT 
3-168 


JJA781sUV 
MC7815BT 
3-132 
.uA7918UC 
MC7918CT 
3-168 


JJA7818CKC 
MC7818CT 
3-132 
.uA7924CKC 
MC7924CT 
3-168 


"A7818KC 
MC7818CK 
3-132 
IJ.A7924UC 
MC7924CT 
3-16B 


IJ.A7818KM 
MC7818K 
3-132 
JJPC1373 
MC3373P 
9-43 


For 
over 
two 
decades, 
Motorola 
has 
continually 
refined 
and updated 
integrated 
circuit 
technologies, 


analog 
circuit 
design 
techniques 
and 
processes 
in 
response 
to the ever-expanding 
needs of the market 
place. The enhanced performance of present day oper- 
ational 
amplifiers 
and 
comparators 
have come 
into 
being through 
innovative 
application 
of these technol- 
ogies, 
designs 
and processes. 
Some early designs, 


though 
of inferior 
performance 
by today's 
standards, 
are still available but are rapidly giving way to the new, 
higher performance 
operational 
amplifier and compar- 
ator circuits. 
Motorola 
has pioneered 
in JFET inputs, 
low temperature 
coefficient 
input stages, 
Miller 
loop 
compensation, 
all NPN output stages, dual-doublet 
fre- 
quency 
compensation 
and 
analog 
"in-the-package" 


trimming 
of resistors to produce superior 
high perfor- 
mance operational 
amplifiers 
and comparators, 
oper- 


ating in many cases from a single supply, with low input 
offset, low noise, low power, high output swing, 
high 
slew rate and high gain-bandwidth 
product at reason- 
able cost to the customer. 


Present day operational 
amplifiers 
and comparators 
find application 
in all segments 
of society 
to include 
motor 
controls, 
instrumentation, 
aerospace, 
automo- 
tive, 
telecommunication, 
medical 
and 
consumer 
products. 
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and Comparators 
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Operational 
Amplifiers 
2·2 
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Amplifiers and 
Comparators 
Operational Amplifiers 
Single 
Dual... 
Quad. 


High Frequency Amplifiers 
AGC 
Non-AGC ... 
Miscellaneous Amplifiers 
CMOS 
Quad Programmable Op Amp . 
Quad Programmable Comparator. 
Dual Prog. Op Amp/Dual Prog. Compo 


Bipolar 
Dual Op Amp-Comp .. 
Power Amplifiers Variable Gain . 


Comparators 
Single 
Dual. 
Quad. 


...... 
2-2 


.2-4 


..•.......•.••... 
2-6 


Motorola 
offers 
a broad 
line of bipolar 
operational 
amplifiers 
to meet a wide 
range of applications. 
From 
low-cost 
industry-standard 
types to high precision 
cir- 
cuits, the span encompasses 
a large range of perfor- 


mance capabilities. 
These linear integrated 
circuits 
are 


available 
as single, 
dual, and quad monolithic 
devices 
in a variety 
of temperature 
ranges and package styles. 


Most 
devices 
may 
be obtained 
in unencapsulated 


"chip" 
form 
as well. For price and delivery 
information 
on chips, 
please 
contact 
your 
Motorola 
Sales Repre- 
sentative 
or Distributor. 
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BW 
SR 
Supply 


liB 
VIO 
TCVIO 
110 
Avol 
IAy=1) 
IAy=1) 
Voltage 
p.A 
mV 
p'vrc 
nA 
VlmV 
MHz 
VIp.. 
V 
Package 


Device 
Max 
Max 
Typ 
Max 
Min 
Typ 
Typ 
Min 
Max 
Description 
Suffix 


Noncompensated 


Commercial 
Temperature 
Range 
(O·C to + 70·C) 


LM301A 
0.25 
7.5 
10 
50 
25 
1.0 
0.5 
±3.0 
±18 
General 
Purpose 
H, NI626, JI693 
LM30S 
7.0 
7.5 
15 
1.0 
25 
1.0 
0.3 
±3.0 
±18 
Precision 
H, N/626 
LM30SA 
7.0 
0.5 
5.0 
1.0 
SO 
1.0 
0.3 
±3.0 
±1S 
Precision 
H, N/626 


MC1439 
1.0 
7.5 
15 
100 
15 
2.0 
4.2 
±6.0 
=1S 
High Slew Rate 
G/601, 
Pl 
MC1709C 
1.5 
7.5 
15 
500 
15 
1.0 
0.3 
±3.0 
±1S 
General 
Purpose 
G/601, Pl, U 
MC1748C 
0.5 
6.0 
15 
200 
20 
1.0 
0.5 
±3.0 
±18 
General 
Purpose 
G/60" 
Pl, U 


General 
Purpose 


Precisio.n 
Precision 


H, NI626, JI693 
H, NI626, JI632, J-S 
H, N/626, 
J/632, 
J-S 


LM101A 
0.075 
2.0 
10 
10 
50 
1.0 
0.5 
±3.0 
±22 
General 
Purpose 
H, J/693 
LM10S 
0.002 
2.0 
3.0 
0.2 
50 
1.0 
0.3 
±3.0 
±20 
Precision 
H, J, J-S/693 


LM10SA 
0.002 
0.5 
1.0 
0.2 
SO 
1.0 
0.3 
±3.0 
±20 
Precision 
H, J, J-S/693 
MC1539 
0.5 
3.0 
15 
60 
50 
2.0 
4.2 
±4.0 
±18 
High Slew Rate 
G/601 
MC1709 
0.5 
5.0 
15 
200 
25 
1.0 
0.3 
±3.0 
±18 
General 
Purpose 
G/601, U 
MC1709A 
0.6 
3.0 
5.0 
100 
25 
1.0 
0.5 
±3.0 
±18 
High 
Performance 
G/601 
MC1709 
MC174S 
0.5 
5.0 
15 
200 
50 
1.0 
0.5 
±3.0 
±22 
General 
Purpose 
G/601, U 


BW 
SR 
Supply 


liB 
VIO 
TCVIO 
110 
Avol 
IAy=l) 
IAy=l) 
Voltage 


p.A 
mV 
p.vrc 
nA 
V/mV 
MHz 
VII's 
V 
Package 


Device 
Max 
Max 
Typ 
Max 
Min 
Typ 
Typ 
Min 
Max 
Description 
Suffix 


Internally Compensated 


Commercial 
Temperature 
Range 
(O'C to 
+ 70'C) 


LF351 
200 pA 
10 
10 
100 pA 
25 
4.0 
13 
005.0 
:!:18 
JFET 
Input 
N/626 


LF355 
200 pA 
10 
5.0 
50 pA 
50 
1.0 
5.0 
005.0 
0018 
JFET 
Input 
H/601, 
J/693 


LF355B 
100 pA 
5.0 
5.0 
20 pA 
50 
2.5 
5.0 
;05.0 
0022 
JFET 
Input 
H/601, 
J/693 


LF356 
200 pA 
10 
5.0 
50 pA 
50 
2.0 
15 
005.0 
±18 
JFET 
Input 
H/601, 
J/693 


LF356B 
100 pA 
5.0 
5.0 
20 pA 
50 
5.0 
12 
005.0 
0022 
JFET Input 
H/601, 
J/693 


LF357 
200 pA 
10 
5.0 
50 pA 
50 
3.0 
75 
005.0 
±18 
Wideband 
FET Input 
H/601, 
J/693 


LF357B 
100 pA 
5.0 
5.0 
20 pA 
50 
20 
50 
±5.0 
0022 
JFET Input 
H/601, 
J/693 


LF441C 
100 pA 
5.0 
10 
50 pA 
25 
2.0 
6.0 
005.0 
±18 
Low 
Power 
J FET Input 
N/626 


LM11C 
100 pA 
0.6 
2.0 
10 pA 
250 
1.0 
0.3 
003.0 
0020 
Precision 
H, N/626, 
J/632, 


J-81693 


LMllCL 
200 pA 
5.0 
3.0 
25 pA 
50 
1.0 
0.3 
003.0 
0020 
Precision 
H, N/626, 
J/632, 


J-81693 


LM307 
0.25 
7.5 
10 
50 
25 
1.0 
0.5 
003.0 
0018 
General 
Purpose 
N/626 


MC1436 
0.04 
10 
12 
10 
70 
1.0 
2.0 
0015 
0034 
High 
Voltage 
G/601, 
U 


MC1456 
0.03 
10 
12 
10 
70 
1.0 
2.5 
003.0 
0018 
High Performance 
G/601, 
Pl, 
U 


MC1733C 
30 
- 
- 
5.0 IiA 
80 
90 
- 
004.0 
008.0 
Differential 
Wideband 
G/601, 
L, P/646 
Video 
Amp 


MC1741C 
0.5 
6.0 
15 
200 
20 
1.0 
0.5 
003.0 
0018 
General 
Purpose 
G/601, 
Pl, 
U 


MC1741SC 
0.5 
6.0 
15 
200 
20 
1.0 
10 
003.0 
±18 
High 
Slew 
Rate 
G/601, 
Pl 


MCl776C 
0.003 
6.0 
15 
3.0 
100 
1.0 
0.2 
001.2 
:t18 
,uPower, 
Programmable 
G/60" 
Pl, 
U 


MC3476 
0.05 
6.0 
15 
25 
50 
1.0 
0.2 
001.5 
0018 
Low Cost 
G/601, 
Pl, 
U 
J.!Power, 
Programmable 


MC34001 
200 pA 
10 
10 
100 pA 
25 
4.0 
13 
005.0 
±1S 
JFET 
Input 
G/601, 
P/626, 
U 


MC34001A 
100 pA 
2.0 
10 
50 pA 
50 
4.0 
13 
005.0 
:t1a 
JFET 
Input 
G/601, 
P/626, 
U 


MC34001B 
200 pA 
5.0 
10 
100 pA 
50 
4.0 
13 
005.0 
0018 
JFET 
Input 
G/601, 
P/626, 
U 


MC34071 
0.50 
5.0 
10 
75 
25 
4.5 
10 
+3.0 
+44 
High Performance, 
P/626, 
U 


MC34071A 
500 nA 
3.0 
10 
50 
50 
4.5 
10 
+3.0 
+44 
Single 
Supply 
P/626, 
U 


MC34080 
200 pA 
1.0 
10 
100 pA 
25 
16 
55 
005.0 
0022 
Decompensated 
P/626, 
U 


MC34080A 
200 pA 
0.5 
10 
100 pA 
50 
16 
55 
005.0 
;022 
MC34081 
for 
Ay~2 
P/626, 
U 


MC34081 
200 pA 
1.0 
10 
100 pA 
25 
8.0 
30 
±5.0 
0022 
High 
Speed, 
JFET 
Input 
P/626, 
U 


MC34081A 
200 pA 
0.5 
10 
100 pA 
50 
8.0 
30 
005.0 
0022 
High 
Speed, 
JFET 
Input 
P/626, 
U 


MC34181 
0.1 nA 
2.0 
10 
0.05 
25 
4.0 
10 
±2.5 
0018 
Low 
Power 
JFET 
Input 
P/626 


OP-27E 
0.040 
0.025 
0.2 
35 
1000 
8.0 
2.8 
004.0 
0022 
Low Noise. 
Precision 
P/626 


OP-27F 
0.055 
0.060 
0.3 
50 
1000 
8.0 
2.8 
:t4.0 
0022 
Low Noise, 
Precision 
P/626 


OP-27G 
0.080 
0.100 
0.4 
75 
700 
8.0 
2.8 
004.0 
0022 
Low Noise. 
Precision 
P/626 


TL061AC 
200 pA 
6.0 
10 
100 pA 
4.0 
2.0 
6.0 
002.5 
0018 
Low 
Power 
JFET 
Input 
PI626 


TL061 BC 
200 pA 
3.0 
10 
100 pA 
4.0 
2.0 
6.0 
002.5 
0018 
Low 
Power 
JFET 
Input 
P/626 


TL061C 
200 pA 
15 
10 
200 pA 
4.0 
2.0 
6.0 
002.5 
0018 
Low 
Power 
JFET 
Input 
P/626 


TL071AC 
200 pA 
6.0 
10 
50 pA 
50 
4.0 
13 
005.0 
0018 
Low 
Noise, 
JFET 
Input 
P/626, 
JG 


TL071BC 
200 pA 
3.0 
10 
50 pA 
50 
4.0 
13 
005.0 
0018 
Low Noise. 
JFET Input 
P/626, 
JG 


TL071C 
200 pA 
10 
10 
50 pA 
25 
4.0 
13 
005.0 
0018 
Low 
Noise, 
JFET 
Input 
P/626, JG 


TL081AC 
200 pA 
6.0 
10 
100 pA 
50 
4.0 
13 
005.0 
0018 
JFET 
Input 
P/626, JG 


TL081BC 
200 pA 
3.0 
10 
100 pA 
50 
4.0 
13 
005.0 
0018 
JFET 
Input 
P/626, 
JG 


TL081C 
400 pA 
15 
10 
200 pA 
25 
4.0 
13 
005.0 
0018 
JFET 
Input 
P/626, 
JG 


Low Noise, 
Precision 


Low 
Noise, 
Precision 
Low Noise. 
Precision 


MC33071 
0.50 
5.0 
10 
75 
25 
4.5 
10 
+3.0 
+44 
High Performance, 
P/626, 
U 


MC33071A 
500 nA 
3.0 
10 
50 
50 
4.5 
10 
+3.0 
+44 
Single 
Supply 
P/626, 
U 


MC33171 
0.10 
4.5 
10 
20 
50 
1.8 
2.1 
+3.0 
+44 
Low Power, 
Single 
P/626 


Supply 


MC33181 
0.1 nA 
2.0 
10 
0.05 
25 
4.0 
10 
002.5 
0018 
Low 
Power 
JFET 
Input 
P/626 


TL061V 
200 pA 
6.0 
10 
100 pA 
4.0 
2.0 
6.0 
002.5 
0018 
Low 
Power 
JFET 
Input 
P/626 


II 


BW 
SR 
Supply 


liB 
VIO 
TCVIO 
110 
AYol 
IAy=1) 
IAy=1) 
Voltage 
I'A 
mV 
I'vrc 
nA 
VlmV 
MHz 
VII's 
V 
Package 
Device 
Ma. 
Ma. 
Typ 
Ma. 
Min 
Typ 
Typ 
Min 
Ma. 
Description 
Suffix 


Internally 
Compensated 


Military Temperature 
Range I- 55°C to + 125°C) 


LM11 
50 pA 
0.3 
1.0 
10 pA 
250 
1.0 
0.3 
"'3.0 
",20 
Precision 
H, J/632, 
J-81693 


MC1536 
0.02 
50 
10 
30 
100 
1.0 
2.0 
"'15 
:±:40 
High Voltage 
G1601, U 


MC1556 
0.015 
4.0 
10 
2.0 
100 
1.0 
2.5 
=3.0 
:+:22 
High 
Performance 
G1601, 693, U 
MC1733 
0.20 
- 
- 
3.01'A 
90 
90 
- 
=4.0 
"'8.0 
Differential 
Wideband 
G 603, L 


Video Amp 
MC1741 
0.5 
5.0 
15 
200 
50 
1.0 
05 
=3.0 
=22 
General 
Purpose 
G 601, U 
MC1741S 
0.5 
5.0 
15 
200 
50 
1.0 
10 
-3.0 
=22 
High Slew Rate 
G 601, U 
MC1776 
0.0075 
5.0 
15 
3.0 
200 
1.0 
0.2 
= 1.2 
=18 
p.Power, 
Programmable 
G 601, L 
MC35001 
100 pA 
10 
10 
100 pA 
25 
4.0 
13 
=5.0 
= 22 
JFET Input 
G 601. U 
MC35001A 
75 pA 
2.0 
10 
25 pA 
50 
40 
13 
=5.0 
=22 
JFET Input 
G 601, U 
MC350011l 
100 pA 
5.0 
10 
50 pA 
50 
4.0 
13 
'" 5.0 
=22 
JFET Input 
G 601. U 
MC35071 
0.50 
5.0 
10 
75 
25 
4.5 
10 
-3.0 
+44 
High 
Performance. 
U 
MC35071A 
500 nA 
3.0 
10 
50 
50 
4.5 
10 
+3.0 
+44 
Single Supply 
U 
MC35080 
200 pA 
1.0 
10 
100 pA 
25 
16 
55 
=5.0 
=22 
Decompensated 
U 
MC35080A 
200 pA 
0.5 
10 
100 pA 
50 
16 
55 
=5.0 
=22 
MC35081 for Av"'2 
U 
MC35081 
200 pA 
1.0 
10 
100 pA 
25 
8.0 
30 
"'5.0 
=22 
High Speed, 
JFET Input 
U 
MC35081A 
200 pA 
0.5 
10 
100 pA 
50 
8.0 
30 
=5.0 
=22 
High Speed, 
JFET Input 
U 
MC35171 
0.10 
4.5 
10 
20 
50 
1.8 
2.1 
+3.0 
+44 
Low 
Power, 
Single 
U 


Supply 
MC35181 
0.1 nA 
2.0 
10 
0.05 
25 
4.0 
10 
- 2.5 
"'18 
Low Power JFET Input 
U 


OP-27A 
0.040 
0.025 
02 
35 
1000 
8.0 
28 
=4.0 
'" 22 
Low Noise, 
Precision 
Z 
OP-278 
0.055 
0.060 
0.3 
50 
1000 
8.0 
2.8 
=4.0 
=22 
Low Noise. 
Precision 
Z 
OP-27C 
0.080 
0.100 
0.4 
75 
700 
8.0 
2.8 
"'4.0 
=22 
Low Noise. 
Precision 
Z 


TL061M 
200 pA 
6.0 
10 
100 pA 
4.0 
2.0 
6.0 
=2.5 
=18 
Low Power JFET Input 
JG 


TL071M 
200 pA 
6.0 
10 
50 pA 
35 
4.0 
13 
=5.0 
=18 
Low Noise, JFET Input 
JG 
TL081M 
2000A 
9.0 
10 
100 pA 
25 
4.0 
13 
=5.0 
=18 
JFET Input 
JG 


BW 
SR 
Supply 
liB 
VIO 
TCVIO 
110 
AYol 
IAy=1) 
IAy=1) 
Voltage 


I'A 
mV 
I'vrc 
nA 
V/mV 
MHz 
VII's 
V 
Package 
Device 
Ma. 
Ma. 
Typ 
Ma. 
Min 
Typ 
Typ 
Min 
Ma. 
Description 
Suffi. 


Noncompensated 


Commercial 
Temperature 
Range 
(OOe to + JODe) 


I MC1437 
I 
15 
I 7.5 I 
10 
I 
500 
I 
15 


Military Temperature 
Range I-55°C 
to + 125°C) 


I MC1537 
I 
05 
I 
50 
I 
10 
I 
200 
I 
25 


Internally 
Compensated 


Commercial 
Temperature 
Range 
(o"e 
to + JODe) 


LF353 
200 pA 
10 
10 
100 pA 
25 
4.0 
13 
"'5.0 
"'18 
JFET Input 
N/626 


LF442C 
100 pA 
5.0 
10 
50 pA 
25 
2.0 
6.0 
"'5.0 
±18 
Low Power JFET Input 
N/626 
LM358 
0.25 
6.0 
7.0 
50 
25 
1.0 
0.6 
'" 1.5 
",18 
Single Supply 
H, N/626, 
J/693 


+3.0 
+36 
(Low 
Power 
Consumption) 


LM833 
1.0 
5.0 
2.0 
200 
31.6 
15 
7.0 
±2.5 
±18 
Dual, 
Low Noise. 
Audio 
P/626 


MC1458 
0.5 
6.0 
10 
200 
20 
1.1 
0.8 
"'3.0 
"'18 
Dual MC1741 
G/601, Pl, U 
MC1458C 
0.70 
10 
10 
300 
20 
1.1 
0.8 
±3.0 
:+::18 
Dual General 
Purpose 
G/601, 
P1 
MC1458S 
0.5 
6.0 
10 
200 
20 
1.0 
10 
"'3.0 
"'18 
High Slew Rate 
G/601, 
Pl, U 
MC1747C 
0.5 
6.0 
10 
200 
25 
1.0 
0.5 
"'3.0 
±18 
Dual MC1741 
G/603, 
L, P2 


MC3458 
0.5 
10 
7.0 
50 
20 
1.0 
0.6 
±1.5 
"'18 
Split Supplies 
G/601, 
Pl, U 


+3.0 
+36 
Single Supply 
(Low 
Crossover 
Distortion) 


BW 
SR 
Supply 


liB 
VIO 
TCVIO 
110 
AYol 
IAy=ll 
IAy=ll 
Voltage 
p.A 
mV 
p'vrc 
nA 
VlmV 
MHz 
V/p.s 
V 
Package 


Device 
Max 
Max 
Typ 
Max 
Min 
Typ 
Typ 
Min 
Max 
Description 
Suffix 


MC4558AC 
0.5 
50 
10 
200 
50 
2.8 
1.6 
=3.0 
=22 
High 
Frequency 
Pl 


MC4558C 
0.5 
60 
10 
200 
20 
28 
1.6 
=3.0 
=18 
High 
Frequency 
G/601,Pl,U 


MC34002 
100 pA 
10 
10 
100 pA 
25 
4.0 
13 
=5.0 
=18 
JFET 
Input 
G/601, 
P/626, 
U 


MC34002A 
75 pA 
2.0 
10 
50 pA 
50 
4.0 
13 
=5.0 
=18 
JFET Input 
G/601, 
P/626, 
U 


MC340028 
100 pA 
50 
10 
70 pA 
25 
4.0 
13 
=5.0 
=18 
JFET 
Input 
G 601, PI626, 
U 


MC34072 
0.50 
5.0 
10 
75 
25 
4.5 
10 
+3.0 
+44 
High 
Performance. 
P 626, U 


MC3407:£A 
500 nA 
3.0 
10 
50 
50 
4.5 
10 
+3.0 
+44 
Single 
Supply 
P 626, U 


MC34082 
200 pA 
3.0 
10 
100 pA 
25 
8.0 
30 
=5.0 
=22 
High 
Speed, 
-:JFET Input 
P/626, 
U 


MC34082A 
200 pA 
1.0 
10 
100 pA 
50 
8.0 
30 
=5.0 
=22 
High 
Speed, 
JFET 
Input 
P/626, 
U 


MC34083 
200 pA 
3.0 
10 
100 pA 
25 
16 
55 
=5.0 
-22 
Decompensated 
P/626, 
U 


MC34083A 
200 pA 
1.0 
10 
100 pA 
50 
16 
55 
=5.0 
=22 
MC34082 
for 
Ay"2 
P 626, 
U 


MC34182 
0.1 nA 
3.0 
10 
0.05 
25 
4.0 
10 
=2.5 
=18 
Low 
Power 
JFET 
Input 
P 626 


TL062AC 
200 pA 
6.0 
10 
100 pA 
4.0 
2.0 
6.0 
=2.5 
=18 
Low 
Power 
JFET 
Input 
P/626 


TL0628C 
200 pA 
3.0 
10 
100 pA 
4.0 
2.0 
6.0 
=2.5 
=18 
Low 
Power 
JFET 
Input 
P/626 


TL062C 
200 pA 
15 
10 
200 pA 
4.0 
20 
6.0 
=2.5 
±18 
Low 
Power 
JFET 
Input 
P/626 


TL072AC 
200 pA 
6.0 
10 
50 pA 
50 
4.0 
13 
=5.0 
=18 
Low 
Noise, 
JFET 
Input 
P/626, 
JG/693 


TL0728C 
200 pA 
3.0 
10 
50 pA 
50 
4.0 
13 
=5.0 
-18 
Low 
Noise, 
JFET 
Input 
P/626, 
JG/693 


TL072C 
200 pA 
10 
10 
50 pA 
25 
4.0 
13 
= 5.0 
=18 
Low 
Noise, 
JFET 
Input 
P/626, 
JG/693 


TL082AC 
200 pA 
60 
10 
100 pA 
50 
4.0 
13 
=5.0 
=18 
JFET Input 
P/626, 
JG/693 
TL0828C 
200 pA 
3.0 
10 
100 pA 
50 
4.0 
13 
=5.0 
=18 
JFET 
Input 
P/626, 
JG/693 
TL082C 
400 pA 
15 
10 
200 pA 
25 
4.0 
13 
±5.0 
=18 
JFET Input 
P 626, JG 693 


LM2904 
0.25 
7.0 
7.0 
50 
100 
1.0 
0.6 
= 1.5 
=13 
Split 
or Single 
H, N/626, 
J 693 
typ 
=3.0 
=26 
Supply 
Op Amp 
MC3358 
5.0 
8.0 
10 
75 
20 
1.0 
0.6 
= 1.5 
=18 
Split 
Supplies 
P1I626 


"3.0 
=36 
Single 
Supply 


MC33072 
0.50 
5.0 
10 
75 
25 
4.5 
10 
+3.0 
+44 
High 
Performance. 
P/626, 
U 


MC33072A 
500 nA 
3.0 
10 
50 
50 
4.5 
10 
+3.0 
+44 
Single 
Supply 
P/626, 
U 


MC33077 
1.0 
1.0 
2.0 
180 
150 
37 
11 
=2.5 
=18 
Dual, 
Low Noise 
P/626 


MC33078 
750 nA 
2.0 
2.0 
150 
31.6 
16 
7.0 
=5.0 
-18 
Low Noise 
N/626 
MC33172 
0.10 
4.5 
10 
20 
50 
1.8 
2.1 
+3.0 
+44 
Low Power, 
Single 
P/626 
Supply 
MC33182 
0.1 nA 
3.0 
10 
0.05 
25 
4.0 
10 
=2.5 
=18 
Low 
Power 
JFET 
Input 
P 626 
MC33282 
100 pA 
200"V 
5.0 
50 pA 
50 
30 
12 
=2.5 
=18 
Low 
Input 
Offset 
JFET 
P 646 
TL062V 
200 pA 
6.0 
10 
100 pA 
4.0 
2.0 
60 
=2.5 
=-18 
Low 
Power 
JFET 
Input 
P 626 


LM158 
0.15 
5.0 
10 
30 
50 
1.0 
06 
= 1.5 
=18 
Split 
Supplies 
H, J 693 


+3.0 
+36 
Single 
Supply 


(Low 
Power 


Consumption) 


MC1558 
0.5 
5.0 
10 
200 
50 
1.1 
08 
=3.0 
= 22 
Dual 
MC1741 
G,601, 
U 


MC1558S 
0.5 
5.0 
10 
200 
50 
1.0 
10 
=3.0 
=22 
High 
Slew 
Rate 
G/601, 
U 


MC1747 
05 
5.0 
10 
200 
50 
1.0 
0.5 
=3.0 
=22 
Dual 
MC1741 
G/601, 
L 


MC3558 
0.5 
5.0 
10 
50 
50 
1.0 
0.6 
= 1.5 
=18 
Split 
Supplies 
G/601, 
U 


+3.0 
+36 
Single 
Supply 


MC4558 
0,5 
5.0 
10 
200 
50 
2.8 
1.6 
= 3.0 
=22 
High 
Frequency 
G/601, 
U 
MC35002 
100 pA 
10 
10 
100 pA 
25 
4.0 
13 
=5.0 
=22 
JFET Input 
G/601, 
U 


MC35002A 
75 pA 
2.0 
10 
25 pA 
50 
4.0 
13 
±5.0 
=22 
JFET Input 
G/601, 
U 


MC350028 
100 pA 
5.0 
10 
50 pA 
50 
4.0 
13 
=5.0 
=22 
JFET Input 
GI601, 
U 
MC35072 
0.50 
5.0 
10 
75 
25 
4.5 
10 
+3.0 
+44 
High 
Performance. 
U 
MC35072A 
500 nA 
3.0 
10 
50 
50 
4.5 
10 
+3.0 
+44 
Single 
Supply 
U 
MC35082 
200 pA 
3.0 
10 
100 pA 
25 
8.0 
30 
=5.0 
=22 
High 
Speed, 
JFET 
Input 
U 


MC35082A 
200 pA 
1.0 
10 
100 pA 
50 
8.0 
30 
=5.0 
=22 
High 
Speed, 
JFET 
Input 
U 


II 


BW 
SR 
Supply 


liB 
VIO 
TCVIO 
110 
AYol 
IAy=') 
IAy=') 
Voltage 
p.A 
mV 
p.vrc 
nA 
V/mV 
MHz 
VII's 
V 
Package 
Device 
Max 
Max 
Typ 
Max 
Min 
Typ 
Typ 
Min 
Max 
Description 
Suffix 


MC35083 
200 pA 
3.0 
10 
'00 pA 
25 
16 
55 
;;5.0 
;;22 
Decompensated 
U 
MC35083A 
200 pA 
1.0 
10 
100 pA 
5C 
16 
55 
;;5.0 
;;22 
MC35082 for Av"'2 
U 
MC35172 
0.10 
4.5 
10 
20 
50 
1.8 
2.1 
+3.0 
+44 
Low Power, 
Single 
U 
Supply 
MC35182 
0.1 nA 
3.0 
10 
0.05 
25 
4.0 
10 
;;2.5 
±18 
Low Power JFET Input 
U 
TL062M 
200 pA 
6.0 
10 
100 pA 
4.0 
2.0 
6.0 
;;2.5 
±18 
Low Power JFET Input 
JG 
TL072M 
200 pA 
6.0 
10 
50 pA 
35 
4.0 
13 
;;5.0 
;;18 
Low Noise, JFET Input 
JG 
TL082M 
200 pA 
6.0 
10 
100 pA 
25 
4.0 
13 
;;5.0 
;;18 
JFET Input 
JG 


BW 
SR 
Supply 


liB 
VIO 
TCVIO 
110 
AYol 
IAv=') 
IAy=') 
Voltage 
p.A 
mV 
p.vrc 
nA 
V/mV 
MHz 
VII's 
V 
Package 
Device 
Max 
Max 
Typ 
Max 
Min 
Typ 
Typ 
Min 
Max 
Description 
Suffix 


Internally Compensated 
Commercial 
Temperature 
Range IO·Cto + 70·C) 


LF347 
200 pA 
10 
10 
100 pA 
25 
4.0 
13 
;; 5.0 
;;18 
JFET Input 
N/646 
LF347B 
200 pA 
5.0 
10 
100 pA 
50 
4.0 
13 
±5.0 
;;18 
JFET Input 
N/646 
LF444C 
100 pA 
10 
10 
50 pA 
25 
2.0 
6.0 
;; 5.0 
;;18 
Low Power JFET Input 
N/646 
LM324 
0.25 
6.0 
7.0 
50 
25 
1.0 
0.6 
;; 1.5 
;;16 
Low Power 
J/632, 
N/646 


+3.0 
+32 
Consumption 
LM348 
0.20 
6.0 
- 
50 
25 
1.0 
0.5 
;;3.0 
;;18 
Quad MC1741 
J/632, 
N/646 
MC34011 
0.3 
- 
- 
- 
1.0 
5.0 
0.6 
;; 1.5 
;;18 
Norton 
Input 
J/632, 
N/646 
LM3900 
+3.0 
+36 
MC3403 
0.5 
10 
7.0 
50 
20 
1.0 
0.6 
;; 1.5 
;;18 
No Crossover 
L, P/646 


+3.0 
+36 
Distortion 
MC4741C 
0.5 
6.0 
15 
200 
20 
1.0 
0.5 
;;3.0 
;;18 
Quad MC1741 
L, P/646 
MC34004 
200 pA 
10 
10 
100 pA 
25 
4.0 
13 
;;5.0 
;;18 
JFET Input 
L, P/646 
MC34004B 
200 pA 
50 
10 
100 pA 
50 
4.0 
13 
;;5.0 
;;18 
JFET Input 
L, P/646 
MC34074 
0.50 
5.0 
10 
75 
25 
4.5 
10 
+3.0 
+44 
High 
Performance. 
L, P/646 
MC34074A 
500 nA 
3.0 
10 
50 
50 
4.5 
10 
+3.0 
+44 
Single Supply 
L, P/646 
MC34064 
200 pA 
12 
10 
100 pA 
25 
8.0 
30 
;;5.0 
;;22 
Hi·Speed, JFET Input 
P/646 
MC34084A 
200 pA 
6.0 
10 
100 pA 
50 
8.0 
30 
;;5.0 
;;22 
Hi·Speed, JFET Input 
P/646 
MC34085 
200 pA 
12 
10 
100 pA 
25 
16 
55 
;;5.0 
;;22 
Decompensated 
P/646 
MC34085A 
200 pA 
6.0 
10 
100 pA 
50 
16 
55 
±5.0 
;;22 
MC34084 for Av"'2 
P/646 
MC34184 
0.1 nA 
10 
10 
0.05 
25 
4.0 
10 
;;2.5 
;;18 
Low Power JFET Input 
P/646 
TL064AC 
200 pA 
6.0 
10 
100 pA 
4.0 
2.0 
6.0 
;;2.5 
;;18 
Low Power JFET Input 
N/646 
TL064BC 
200 pA 
3.0 
10 
100 pA 
4.0 
20 
6.0 
;;2.5 
;;18 
Low Power JFET Input 
N/646 
TL064C 
200 pA 
15 
10 
200 pA 
4.0 
2.0 
6.0 
;;2.5 
±18 
Low Power JFET Input 
N/646 
TL074AC 
200 pA 
6.0 
10 
50 pA 
50 
4.0 
13 
;;5.0 
;;18 
Low Noise, JFET Input 
J/632, N/646 
TL074C 
200 pA 
10 
10 
50 pA 
25 
4.0 
13 
;;5.0 
;;18 
Low Noise, JFET Input 
J/632, 
N/646 
TL084AC 
200 pA 
6.0 
10 
100 pA 
50 
4.0 
13 
;;5.0 
±18 
JFET Input 
J/632, 
N/646 
TL084BC 
200 pA 
3.0 
10 
100 pA 
50 
4.0 
13 
;;5.0 
;;18 
JFET Input 
J/632, 
N/646 
TL084C 
400 pA 
15 
10 
200 pA 
25 
4.0 
13 
±5.0 
±18 
JFET Input 
J/632, N/646 


Split or Single 
Supp'y OP Amp 
Quad MC1741 


BW 
SR 
Supply 


liB 
VIO 
TCVIO 
110 
AYol 
IAy=1) 
IAy=1) 
Voltage 
p.A 
mV 
p.vrc 
nA 
V/mV 
MHz 
VII's 
V 
Package 


Device 
Max 
Max 
Typ 
Max 
Min 
Typ 
Typ 
Min 
Max 
Description 
Suffix 


MC33011 
0.3 
- 
- 
- 
1.0 
4.0 
0.6 
±2.0 
±15 
Norton 
Input 
P/646 


LM2900 
+4.0 
+28 
N/646 


MC3303 
0.5 
8.0 
10 
75 
20 
1.0 
0.6 
±1.5 
:t18 
Differential 
P/646 


+3.0 
+36 
General 
Purpose 
MC33074 
0.50 
5.0 
10 
75 
25 
4.5 
10 
+3.0 
+44 
High 
Performance, 
L, P/646 


Single Supply 
MC33074A 
500 nA 
3.0 
10 
50 
50 
4.5 
10 
+3.0 
+44 
Guad High Performance 
L, P/646 


MC33079 
750 nA 
2.5 
2.0 
150 
31.6 
16 
7.0 
±5.0 
±18 
Quad Low Noise 
N/646 
MC33174 
0.10 
4.5 
10 
20 
50 
1.8 
2.1 
+3.0 
+44 
Low Power, Single 
P/646 


Supply 
MC33184 
0.1 nA 
10 
10 
0.05 
25 
4.0 
10 
±2.5 
±18 
Low Power JFET Input 
P/646 


MC33284 
100pA 
200p.V 
5.0 
50pA 
50 
30 
12 
±2.5 
±18 
Low Input Offset JFET 
P/646 


TL064V 
200 pA 
9.0 
10 
100 pA 
4.0 
2.0 
6.0 
±2.5 
±18 
Low Power JFET Input 
N/646 


MC143403 
1.0 nA 
30 
- 
200 pA 45 dB 
08 
1.5 
4.75 
12.6 
CMOS, Low Power, 
L, P/646 
Drives 
Low-Impedance 
Loads 
MC143404 
1.0 nA 
30 
- 
200 pA 60 dB 
0.8 
1.0 
4.75 
12.6 
CMOS, Very Low Power 
L, P/646 


LM124 
0.15 
5.0 
7.0 
30 
50 
1.0 
0.6 
±1.5 
±16 
Low Power 
J/632, 
N/646 


+3.0 
+32 
Consumption 
LM148 
0.10 
5.0 
- 
25 
50 
1.0 
0.5 
±3.0 
±18 
Guad MC1741 
J/632 


MC3503 
0.5 
5.0 
7.0 
50 
50 
1.0 
0.6 
± 1.5 
±18 
General 
Purpose 
L, P/646 


+3.0 
+36 
Low Power 
MC4741 
0.5 
5.0 
15 
200 
50 
1.0 
0.5 
±3.0 
±22 
Guad MC1741 
L 
MC35004 
100 pA 
10 
10 
100 pA 
25 
4.0 
13 
±5.0 
±22 
JFET Input 
L 
MC35004B 
100 pA 
5.0 
10 
50 pA 
50 
4.0 
13 
±5.0 
±22 
JFET Input 
L 
MC35074 
0.50 
5.0 
10 
75 
25 
4.5 
10 
+3.0 
+44 
High 
Performance. 
L 
Single Supply 
MC35074A 
500 nA 
3.0 
10 
50 
50 
4.5 
10 
+3.0 
+44 
Quad 
High Performance 
L 
MC35084 
200 pA 
12 
10 
100 pA 
25 
8.0 
30 
±5.0 
±22 
High Speed, 
JFET Input 
L 
MC35084A 
200 pA 
6.0 
10 
100 pA 
50 
8.0 
30 
±5.0 
±22 
High Speed, 
JFET Input 
L 
MC35085 
200 pA 
12 
10 
100 pA 
25 
16 
55 
±5.0 
±22 
Decompensated 
L 
MC35085A 
200 pA 
6.0 
10 
100 pA 
50 
16 
55 
±5.0 
±22 
MC35084 for Av"'2 
L 
MC35174 
0.10 
4.5 
10 
20 
50 
1.8 
2.1 
+3.0 
+44 
Low Power, 
Single 
L 
Supply 
MC35184 
0.1 nA 
10 
10 
0.05 
25 
4.0 
10 
±2.5 
±18 
Low Power JFET Input 
L 


TL064M 
200 pA 
9.0 
10 
100 pA 
4.0 
2.0 
6.0 
±2.5 
±18 
Low Power JFET Input 
J/632 


TL074M 
200 pA 
9.0 
10 
50 pA 
35 
4.0 
13 
±5.0 
±18 
Low Noise, JFET Input 
J/632 


TL084M 
200 pA 
9.0 
10 
100 pA 
25 
4.0 
13 
±5.0 
±18 
JFET Input 
J!632 


• 


III 


A variety of high frequency circuits with features rang- 
ing from low cost simplicity 
to multi-function 
versatility 
marks Motorola's 
line of integrated amplifiers. 
Devices 
described here are intended for industrial and commu- 


AGC Amplifiers 


MC1590G Family - 
Wide-Band General Purpose 
Amplifiers 
The 
MC1590G, MC1490, MC1350 family 
are basic 
building 
blocks - 
AGC (Automatic Gain Controlled) RF/ 


Video Amplifiers. 
These parts are recommended 
for 
applications 
up through 
70 MHz. The best high fre- 
quency 
performance 
may be obtained 
by using the 
physically 
smaller 
SOIC version 
(shorter 
leads) -- 
MC1350D. There are currently 
no other 
RF IC's like 
these, because other manufacturers 
have dropped their 
copies. Applications 
include 
variable 
gain video 
and 
instrumentation 
amplifiers, 
IF (Intermediate 
Frequency) 
amplifiers 
for radio and TV receivers, and transmitter 
power output control. Many uses will be found in med- 
ical instrumentation, 
remote monitoring, 
video/graph- 
ics processing, and a variety of communications 
equip- 
ment. The fam;ly 
of parts using the same basic die 
(identical circuit with slightly different test parameters) 
is listed in the following 
table. 


MC1545/1445 - 
Gated 2-Channel Input 
Differential 
input and output 
amplifier 
with gated 2- 
channel input for a wide variety of switching 
purposes. 
Typical 50 MHz bandwidth 
makes it suitable for high 


nications applications. For devices especially dedicated to 
consumer products, i.e., TV and entertainment 
radio, see 
the "Consumer Electronics" section. 


frequency 
applications 
such as video 
switching, 
FSK 
circuits, 
multiplexers, 
etc. Gating circuit 
is useful for 
AGC control. 
Non-AGC Amplifiers 
SE/NE592 - 
Differential Two Stage Video 
Amplifier 
A monolithic, 
two stage differential 
output, wideband 
video amplifier. It offers fixed gains of 100 and 400 with- 
out external components and adjustable gains from 400 
to 0 with one external resistor. The input stage has been 
designed 
so that with 
the addition 
of a few external 
reactive elements between the gain select terminals, the 
circuit can function 
as a high pass, low pass, or band 
pass filter. This feature makes the circuit ideal for use 
as a video or pulse amplifier 
in communications, 
mag- 


netic memories, 
display and video recorder systems. 


MC1733/MC1733C - 
Video Amplifier 
Differential 
input and output amplifier 
provides three 
fixed gain options with bandwidth to 120 MHz. External 
resistor permits 
any gain setting from 
10 to 400 VN. 


Extremely fast rise time (2.5 ns typ) and propagation 
delay time (3.6 ns typl makes this unit particularly 
useful 
as pulse amplifier 
in tape, drum, or disc memory 
read 
applications. 


Operating 
AV 
Bandwidth 
VCCNEE 
Temperature 
Range 
dB 
@ 
MHz 
Vdc 


- 55' to + 125'C 
- 40' to + 85'C 
O' to +70'C 
(Typl 
Min 
Max 
Case/Suffix 


MC1590G 
- 
- 
50 
10 
+6.0 
+1S 
601 
35 
100 
- 
- 
MC1350 
50 
45 
+6.0 
+1S 
626/P, 
50 
45 
751/D 
- 
MC1490 
- 
50 
10 
+6.0 
+1S 
626/P 
35 
100 


MC1545 
- 
MC1445 
19 
50 
;04.0 
±12 
603/G, 632/L 


SE592 
- 
NE592 
52 
40 
;04.0 
;oS.O 
603/H, 
632/F 
40 
90 
646/N 


MC1733 
- 
MC1733C 
52 
40 
±4.0 
;oS.O 
603/G, 632/L 
40 
90 
646/P 
20 
120 


devices range from 
low power CMOS programmable 
amplifiers 
and comparators 
to 
variable-gain 
bipolar 
power amplifiers. 
Motorola 
provides several bipolar and CMOS special 
purpose 
amplifiers 
which 
fill 
specific 
needs. These 


CMOS 
MC14573: Quad Programmable Operational Amplifier 
MC14574: Quad Programmable Comparator 
MC14575: Dual Programmable Operational 
Amplifier and Dual Programmable 
Comparator 


These low power devices are designed for applica- 


tions such as active filters, voltage 
reference circuits, 


function 
generators, oscillators, and limit set alarms. 


Bipolar 


MC3505/MC3405: 
Dual Operational Amplifier 
and D'ual Comparator 


This device contains 
two 
Differential 
Input 
Opera- 


tional Amplifiers 
and two Comparators each set capable 
of single supply operation. 
This operational 
amplifier- 


comparator circuit will find its applications as a general 
purpose product for automotive 
circuits and as an in- 


dustrial "building 
block." 


Output 
1 
Out 4 
, 


Inputs 1: 
2 


\ 
Inputs 
<1 
} 'opu'" 


Vss 


Input~ 
2i 


5 


} 'opu" 3 
'opu" 21 


5 


Outpul2 
7 
Output 
J 


MC14573 


MC14574 
50 pA 
=30 
100 pA 
1.0 
10' 
3.0 to 15 
=1.5 
to 
=7.5 
Dn51 F, PI648 


MC14575 


Power 
Amplifiers 
Variable 
Gain 


MC1554G- 
TA = - 55° to + 125°C, 
Case 
603C 
MC1454G- 
TA = 0° to + 70°C, 
Case 
603C 


One-watt Power Amplifier 
for single or split supply 
operation. Typical voltage gain of 10,18, or 33 VIV with 
0.4% THD. 


~ ~~ 
z 
<i 
25 
" 
20 


~ 
15 


~ 
10 


:> 50 


<{ 
0 


'0 


Pout"" 
1.0 W RMS 
Rl 
~ 16 OHMS 


Vcc 
~ 16 v 


100 k 
l:lM 


• 


• 


Single 


BIPOLAR 


Dual 


BIPOLAR 


LM193 
0.10 
5.0 
0.025 
200K 
6.0 
1300 
±1.5 to 
Designed 
for single 
or split 
-55 
to + 125 
H 
LM193A 
0.10 
2.0 
0.025 
200K 
6.0 
1300 
±18 
or 
supply 
operation, 
input 
-55 
to + 125 
H 
LM293 
0.25 
5.0 
0.050 
200K 
6.0 
1300 
+3.0 to +36 
common 
mode 
includes 
-25 
to +85 
H 
LM293A 
0.25 
2.0 
0.050 
200K 
6.0 
1300 
ground (negative supply) 
-25 
to +85 
H 
LM393 
0.25 
5.0 
0.050 
200K 
6.0 
1300 
o to + 70 
H, N/626 


LM393A 
0.25 
2.0 
0.050 
200K 
6.0 
1300 
o to + 70 
H, N/626 


LM2903 
0.25 
7.0 
0.050 
200K 
6.0 
1500 
-40 
to +85 
N/626 


MC3405 
0.5 
10 
0.050 
200K 
6.0 
1300 
±1.5 to 
This device 
contains 
two 
o to + 70 
U632, P/646 


MC3505 
0.5 
5.0 
0.050 
200K 
6.0 
1300 
±7.5 
or 
op amps 
and two 
-55 
to + 125 
U632 


+3.0 to 15 
comparators 
in a single 
package 


MC14575 
0.001 
30 
0.0001 
20K 
3.0 
1000 
±1.5 to 
This device 
contains 
two 
-40 to +85 
P/648 


±7.5 
or 
op amps 
and two 


+3.0 to 15 
comparators 
in a single 
package 


Quad 


BIPOLAR 


LM139 
0.10 
5.0 
0.025 
200K 
6.0 
1300 
±1.5 
to 
Designed 
for single 
or split 
-55 to + 125 
J 
LM139A 
0.10 
2.0 
0.025 
200K 
6.0 
1300 
±18 or 
supply 
operation, 
input 
-55to 
+125 
J 
LM239 
0.25 
5.0 
0.050 
200K 
6.0 
1300 
+3.0 to +36 
common 
mode 
includes 
-25 
to +85 
J, N/646 
LM239A 
0.25 
2.0 
0.050 
200K 
6.0 
1300 
ground (negative supply) 
-25 
to +85 
J, N/646 


LM339 
0.25 
5.0 
0.050 
200K 
6.0 
1300 
o to +70 
J, N/646 


LM339A 
0.25 
2.0 
0.050 
200K 
6.0 
1300 
o to +70 
J, N/646 


LM2901 
0.25 
7.0 
0.050 
lOOK 
6.0 
1300 
-40 
to +85 
N/646 
MC3302 
0.50 
20 
0.500 
30K 
6.0 
1300 
-40 
to +85 
N/646 


MC3430 
40 
6.0 
1.0 Typ 
1.2K 
16 
33 
+5.0, 
-5.0 
High 
speed 
comparator! 
o to +10 
L, P 
MC3431 
40 
10 
1.0 Typ 
1.2K 
16 
33 
+5.0, -5.0 
sense-amplifier 
o to + 70 
L,P 
MC3432 
40 
6.0 
1.0 Typ 
1.2K 
16 
40 
+5.0, -5.0 
o to +70 
L, P 
MC3433 
40 
10 
1.0 Typ 
1.2K 
16 
40 
+5.0, -5.0 
o to + 70 
L, P 


Externally 
programmable 
power 
dissipation 
with 
one 
or two 
resistors 


Device 
lF347 
lF351 
lF353 
lF355,B 
lF356,B 
lF357,B 
lF411C 
lF412C 
LF441C 
lF442C 
LF444C 
lM11,C,Cl 
lM101A 
lM108,A 
lM124 
lM148 
lM158 
lM201A 
lM208,A 
lM224 
lM248 
lM258 
lM301A 
lM307 
lM308,A 
lM324,A 
lM348 
lM358 
lM833 
lM2900 
lM2902 
lM2904 
lM3900 
MC1436,C 
MC1437 
MC1439 
MC1456,C 
MC1458,C 
MC1458S 
MC1490P 
MC1536 
MC1537 
MC1539 
MC1556 
MC1558 
MC1558S 
MC1709,A,C 
MC1741,C 
MC1741S,SC 
MC1747,C 
MC1748,C 
MC1776,C 
MC3301 
MC3303 
MC3358 
MC3401 
MC3403 
MC3458 
MC3476 
MC3503 
MC3558 


Function 
Page 
Family of BIFET Operational 
Amplifiers 
2-14 
Family 
of BIFET Operational 
Amplifiers 
2-14 
Family of BIFET Operational 
Amplifiers 
2-14 
Monolithic 
JFET Operational 
Amplifier 
2-16 
Monolithic 
JFET Operation 
Amplifier 
2-16 
Monolithic 
JFET Operational 
Amplifier 
2-16 
Low Offset, Low Drift JFET Input Operational 
Amplifier 
2-26 
Low Offset, Low Drift JFET Input Operational 
Amplifier 
2-26 
Low Power JFET Input Operational 
Amplifier 
2-29 
Low Power JFET Input Operational 
Amplifier 
2-29 
Low Power JFET Input Operational 
Amplifier 
2-29 
Precision 
Operational 
Amplifiers 
2-37 
General 
Purpose Adjustable 
Operational 
Amplifier 
2-44 
Precision 
Operational 
Amplifiers 
2-48 
Quad Low Power Operational 
Amplifier 
2-59 
Quad MC1741 Operational 
Amplifier 
2-69 
Dual Low Power Operational 
Amplifier 
2-75 
General 
Purpose Adjustable 
Operational 
Amplifier 
2-44 
Precision 
Operational 
Amplifiers 
2-48 
Quad Low Power Operational 
Amplifiers 
2-59 
Quad MC1741 Operational 
Amplifier 
2-69 
Dual Low Power Operational 
Amplifier 
2-75 
General 
Purpose Adjustable 
Operational 
Amplifier 
2-44 
Internally 
Compensated 
Monolithic 
Operational 
Amplifier 
2-86 
Precision 
Operational 
Amplifiers 
2-48 
Quad Low Power Operational 
Amplifier 
2-59 
Quad MC1741 Operational 
Amplifier 
2-69 
Dual Low Power Operational 
Amplifier 
2-75 
Dual, Low Noise, Audio 
Operational 
Amplifier 
2-90 
Quad Single 
Supply 
Operational 
Amplifier 
2-197 
Quad Low Power Operational 
Amplifier 
2-59 
Dual Low Power Operational 
Amplifier 
2-75 
Quad Single 
Supply 
Operational 
Amplifier 
2-197 
High Voltage 
Operational 
Amplifier 
2-100 
Dual Operational 
Amplifier 
2-104 
High Slew Rate Operational 
Amplifier 
2-108 
High Performance 
Operational 
Amplifier 
2-126 
Dual Operational 
Amplifiers 
2-132 
High Slew Rate Dual Operational 
Amplifier 
2-137 
Wideband 
Amplifier 
with 
AGC 
2-143 
High Voltage 
Operational 
Amplifiers 
2-100 
Dual Operational 
Amplifier 
2-104 
High Slew Rate Operational 
Amplifier 
2-108 
High Performance 
Operational 
Amplifier 
2-126 
Low Noise Dual Operational 
Amplifier 
2-130 
High Slew Rate Dual Operational 
Amplifier 
2-137 
General 
Purpose 
Operational 
Amplifier 
2-157 
General 
Purpose 
Operational 
Amplifier 
2-169 
High Slew Rate Operational 
Amplifier 
2-174 
Dual MC1741 Operational 
Amplifier 
2-180 
General 
Purpose 
Operational 
Amplifier 
2-184 
Programmable 
Operational 
Amplifier 
2-188 
Quad Operational 
Amplifier 
2-197 
Quad Differential 
Input Operational 
Amplifier 
2-207 
Dual Low Power Operational 
Amplifier 
2-229 
Quad Operational 
Amplifier 
2-197 
Quad Differential 
Input Operational 
Amplifier 
2-207 
Dual Low Power Operational 
Amplifier 
2-229 
Programmable 
Operational 
Amplifier 
2-235 
Quad Differential 
Input Operational 
Amplifier 
2-207 
Dual Low Power Operational 
Amplifier 
2-229 


MOTOROLA 
LINEAR/INTERFACE 
DEVICES 


• 


Device 


MC4558.AC.C 
MC4741.C 
MC33071 
MC33072 
MC33074 
MC33077 
MC33078 
MC33079 
MC33171 
MC33172 
MC33174 
MC33181 
MC33182 
MC33184 
MC33282 
MC33284 
MC34001 
MC34002 
MC34004 
MC34071 
MC34072 
MC34074 
MC34080 


MC34081 
MC34082 
MC34083 


MC34084 
MC34085 


MC34181 
MC34182 
MC34184 
MC35001 
MC35002 
MC35004 
MC35071 
MC35072 
MC35074 
MC35080 


MC35081 
MC35082 
MC35083 


MC35084 
MC35085 


MC35171 
MC35172 
MC35174 
MC35181 
MC35182 
MC35184 
OP-27 
TL061 
TL062 
TL064 
TL071 
TL072 
TL074 


Page 
2-240 
2-244 
2-286 
2-286 
2-286 
2-249 
2-260 
2-260 
2-269 
2-269 
2-269 
2-313 
2-313 
2-313 
2-276 
2-276 
2-279 
2-279 
2-279 
2-286 
2-286 
2-286 


Function 
Dual High Frequency 
Operational 
Amplifier 
. 


Quad MC1741 Operational 
Amplifier 
. 
High Performance, 
Single 
Supply 
Operational 
Amplifier 
. 


Dual High Performance, 
Single 
Supply 
Operational 
Amplifier 
. 


Quad High Performance, 
Single 
Supply 
Operational 
Amplifier 
. 


Dual, Low Noise Operational 
Amplifier 
. 
Low Noise Operational 
Amplifier 
. 


Low Noise Operational 
Amplifier 
. 
Low Power, Single 
Supply 
Operational 
Amplifier 
. 
Dual Low Power, Single 
Supply 
Operational 
Amplifier 
. 


Quad Low Power, Single 
Supply 
Operational 
Amplifier 
. 


Low Power JFET Input Operational 
Amplifier 
. 


Low Power JFET Input Operational 
Amplifier 
. 


Low Power JFET Input Operational 
Amplifier 
. 


JFET Operational 
Amplifier 
. 


JFET Operational 
Amplifier 
. 


JFET Input Operational 
Amplifiers 
. 


JFET Input Operational 
Amplifiers 
. 


JFET Input Operational 
Amplifiers 
. 
High Performance, 
Single 
Supply 
Operational 
Amplifier 
. 
Dual High Performance, 
Single 
Supply 
Operational 
Amplifier 
. 


Quad High Performance, 
Single 
Supply 
Operational 
Amplifier 
. 


High Speed Decompensated 
(AVCL "" 2) JFET Input Operational 
Amplifier 
. 


High Speed JFET Input Operational 
Amplifier 
. 


Dual High Speed JFET Input Operational 
Amplifier 
. 


Dual High Speed Decompensated 
(AVCL "" 2) JFET Input 
Operational 
Amplifier 
2-302 


Quad High Speed JFET Input Operational 
Amplifier 
2-302 


Quad High Speed Decompensated 
(AVCL "" 2) JFET Input 
Operational 
Amplifier 
. 


Low Power JFET Input Operational 
Amplifier 
. 


Low Power JFET Input Operational 
Amplifier 
. 


Low Power JFET Input Operational 
Amplifier 
. 


JFET Input Operational 
Amplifiers 
. 


JFET Input Operational 
Amplifiers 
. 
JFET Input Operational 
Amplifiers 
. 


High Performance, 
Single 
Supply 
Operational 
Amplifier 
. 


Dual High Performance, 
Single 
Supply 
Operational 
Amplifier 
. 


Quad High Performance, 
Single 
Supply 
Operational 
Amplifier 
. 


High Speed Decompensated 
(AVCL "" 2) JFET Input Operational 
Amplifier 
. 


High Speed JFET Input Operational 
Amplifier 
. 
Dual High Speed JFET Input Operational 
Amplifier 
. 


Dual High Speed Decompensated 
(AVCL "" 2) JFET Input 
Operational 
Amplifier 
2-302 


Quad High Speed JFET Input Operational 
Amplifier 
2-302 


Quad High Speed Decompensated 
(AVCL "" 2) JFET Input 
Operational 
Amplifier 
2-302 


Low Power. Single 
Supply 
Operational 
Amplifier 
2-269 
Dual Low Power. Single 
Supply 
Operational 
Amplifier 
2-269 
Quad Low Power, Single 
Supply 
Operational 
Amplifier 
2-269 
Low Power JFET Input Operational 
Amplifier 
2-313 


Low Power JFET Input Operational 
Amplifier 
2-313 


Low Power JFET Input Operational 
Amplifier 
2-313 


Ultra Low Noise Precision, 
High Speed Operational 
Amplifiers 
2-327 


Low Power JFET Input Operational 
Amplifier 
2-343 
Low Power JFET Input Operational 
Amplifier 
2-343 
Low Power JFET Input Operational 
Amplifier 
2-343 


Low Noise JFET Input Operational 
Amplifier 
2-351 
Low Noise JFET Input Operational 
Amplifier 
..........•................. 
2-351 
Low Noise JFET Input Operational 
Amplifier 
2-351 


2-302 
2-302 
2-302 


2-302 
2-313 
2-313 
2-313 
2-279 
2-279 
2-279 
2-279 
2-279 
2-279 


2-302 
2-302 
2-302 


TL081 
TL082 
TL084 


JFET Input Operational 
Amplifier 
2-358 
JFET Input Operational 
Amplifier 
2-358 
JFET Input Operational 
Amplifier 
2-358 


Device 


MC1350 
MC1445 
MC1490P 
MC1545 
MC1590G 
MC1733,C 
NE592 
SE592 


Function 
Page 
IF Amplifier 
See Chapter 
9 
Wideband 
Amplifier 
2-116 
Wideband 
Amplifier 
with 
AGC 
2-143 
Wideband 
Amplifier 
2-116 
Wideband 
Amplifier 
with 
AGC 
2-149 
Differential 
Video Amplifier 
2-161 
Video Amplifier 
2-322 
Video Amplifier 
: 
2-322 


Device 


MC1454G 
MC1554G 
MC3405 
MC3505 
TCA0372 


Device 


LM111 
LM139,A 
LM193,A 
LM211 
LM239,A 
LM293,A 
LM311 
LM339,A 
LM393,A 
LM2901 
LM2903 
MC1414 
MC1514 
MC3302 
MC3405 
MC3430 
MC3431 
MC3432 
MC3433 
MC3505 


Application 
Note 


AN926, ARl15 


AN273A 
AN513A 
AN587, EB20 
EB57 


Function 
Page 
l-Watt 
Power Amplifier 
2-122 
l-Watt 
Power Amplifier 
2-122 
Dual Operational 
Amplifier 
plus Dual Voltage 
Comparator 
2-213 
Dual Operational 
Amplifier 
plus Dual Voltage 
Comparator 
2-213 
Dual Power Operational 
Amplifier 
2-336 


Function 
Page 
High Performance 
Voltage 
Comparator 
2-53 
Quad Single 
Supply 
Comparators 
2-65 
Dual Comparators 
2-81 
High Performance 
Voltage 
Comparator 
2-53 
Quad Single 
Supply 
Comparators 
2-65 
Dual Comparators 
2-91 
High Performance 
Voltage 
Comparator 
2-53 
Quad Single 
Supply 
Comparators 
2-65 
Dual Comparators 
2-81 
Quad Single 
Supply 
Comparators 
2-65 
Dual Comparators 
2-81 
Dual Differential 
Voltage 
Comparator 
2-96 
Dual Differential 
Voltage 
Comparator 
2-96 
Quad Single 
Supply 
Comparators 
2-65 
Dual Operational 
Amplifier 
plus Dual Voltage 
Comparator 
2-213 
High Speed Quad Comparator 
2-221 
High Speed Quad Comparator 
2-221 
High Speed Quad Comparator 
2-221 
High Speed Quad Comparator 
2-221 
Dual Operational 
Amplifier 
plus Dual Voltage 
Comparator 
. 
2-213 


Title 


Techniques 
for Improving 
the Settling 
of a DAC and Op. 
Amp. 
Combination 
. 


Getting 
More Value Out of an Int. Op. Amp. 
Data Sheet 
. 
A High Gain Int. Circuit 
RF-IF Amp. with 
Wide Range AGC 
. 


Analysis 
and Design of the Op. Amp. 
Current 
Source 
. 
An Economical 
FM Trans. Voice Proc. from 
a Single 
Integrated 
Circuit 
. 


Related 
Device 


LF357, MC34084, 
MC34085, 
MC34087 
MC1439,1539 
MC1490P, 
MC1590G 
MC1741 


lEI 


@ MOTOROLA 
II 


These low cost JFET input 
operational 
amplifiers 
combine 
two 
state-of-the-art 
linear 
technologies 
on a single 
monolithic 
inte- 
grated 
circuit. 
Each internally 
compensated 
operational 
amplifier 
has well 
matched 
high 
voltage 
JFET input 
devices 
for low 
input 
offset 
voltage. 
The BIFET technology 
provides 
wide 
bandwidths 
and fast slew 
rates with 
low input 
bias currents, 
input 
offset 
cur- 
rents, and su pply cu rrents. 


These devices 
are available 
in single, 
dual and quad operational 
amplifiers 
which 
are pin-compatible 
with 
the 
industry 
standard 
MC1741, 
MC1458, 
and the MC3403/LM324 
bipolar 
devices. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
+18 
V 
VEE 
-18 


Differential Input Voltage 
VID 
:t30 
V 


Input Voltage Range (Note 1) 
VIDR 
:t 15 
V 


Output Short Circuit Duration (Note 2) 
ts 
Continuous 


Power Dissipation at TA ~ + 25°C 
Po 
900 
mW 


Derate above TA ~ + 25°C 
I/OJA 
10 
mWrC 


Operating Ambient Temperature Range 
TA 
o to + 70 
°c 


Operating 
Junction 
Temperature 
Range 
TJ 
115 
°c 


Storage Temperature Range 
Tsto 
-65 to + 150 
°c 


2. Any amplifier output can be shorted to ground indefinitely. However, jf more 


than 
one 
amplifier 
output 
is shorted 
simultaneously, 
maximum 
junction 
temperature 


ratings 
may 
be exceeded. 


LF347 
LF351 
LF353 


FAMILY 
OF BIFET 
OPERATIONAL 
AMPLIFIERS 
SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 
(LF351, LF353 Only) 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751-02 
SO-8 
(LF351, LF353 Only) 8.' 
1 ' 


Offset 
NullEJ' 
NC 
Invt 
Input 
1 
- 
, VCC 
Noninvt 
Input]. 
• Output 


VEE' 
> 
OffsetNult 


Output A ~_ 
• VCC 


I 
A 1' 
I Output 
B 
nputs 
- 


V 
) +A 
• }Inputs 
B 
EE' 
B+'- 


1 


N SUFFIX 
PLASTIC PACKAGE 
CASE 646-06 
(LF347 Only) 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A-02 
SO-14 
1.4/!' 


Function 
Device 
Package 


Single 
LF351D 
SO-S 
Single 
LF351N 
Plastic 
DIP 
Dual 
LF353D 
SO-S 
Duat 
LF353N 
Plastic 
DIP 
Quad 
LF347D 
SO-14 
Quad 
LF347BN 
Plastic 
DIP 
Quad 
LF347N 
Plastic 
DIP 


LF347B 
LF347, 
LF3S1, 
LF3S3 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS '" 
10 k, VCM 
~ 0) 
VIO 
mV 
TA = 
+25'C 
- 
1.0 
5.0 
- 
5.0 
10 


DOC ~ 
T A 
~ 
+ 700e 
- 
- 
8.0 
- 
- 
13 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Il.VloJll.T 
- 
10 
- 
- 
10 
- 
,.vrc 
Voltage 


RS'" 
10 k, O'C '" TA '" 
+70'C 


Input 
Offset 
Current 
IVCM 
= 0, Note 
3) 
110 
TA = 
+25'C 
- 
25 
100 
- 
25 
100 
pA 


O'C '" TA '" 
+70'C 
- 
- 
4.0 
- 
- 
4.0 
nA 


Input 
Bias Current 
(VCM = 0, Note 
3) 
liB 
TA 
~ 
+25'C 
- 
50 
200 
- 
50 
200 
pA 
aoc ~ T A ~ 
+ 700e 
- 
- 
8.0 
- 
- 
8.0 
nA 


Input 
Resistance 
ri 
- 
1012 
- 
- 
1012 
- 
n 


Common 
Mode 
Input 
Voltage 
Range 
VICR 
=11 
+15 
±11 
+15 
V 


-12 
- 
-12 
- 


Large-Signal 
Voltage 
Gain (VO = 
= 10 V, RL = 2.0 k) 
AVOL 
V/mV 
TA 
~ 
+25'C 
50 
100 
- 
25 
100 
- 


O'C '" TA '" 
+70'C 
25 
- 
- 
15 
- 
- 


Output 
Voltage 
Swing 
(RL = 10 k) 
Vo 
=:12 
±14 
- 
±12 
=14 
- 
V 


Common 
Mode 
Rejection 
Ratio 
(RS '" 
10 k) 
CMRR 
80 
100 
- 
70 
100 
- 
dB 


Supply 
Voltage 
Rejection 
Ratio 
(RS '" 
10 k) 
PSRR 
80 
100 
- 
70 
100 
- 
dB 


Supply 
Current 
ID 
mA 
LF347 
- 
7.2 
11 
- 
7.2 
11 
LF351 
- 
- 
- 
- 
1.8 
3.4 
LF353 
- 
- 
- 
- 
3.6 
6.5 


Slew 
Rate 
IAV = 
+ 1) 
SR 
- 
13 
- 
- 
13 
- 
V/,.s 


Gain-Bandwidth 
Product 
BWp 
- 
4.0 
- 
- 
4.0 
- 
MHz 


Equivalent 
Input 
Noise 
Voltage 
en 
- 
16 
- 
- 
16 
- 
nV/YHz 


(RS = 100 n, f = 1000 Hz) 


Equivalent 
Input 
Noise 
Current 
If ~ 
1000 Hz) 
in 
- 
0.01 
- 
- 
0.01 
- 
pAlYHz 


Channel 
Separation 
ILF347, 
LF353) 
- 
- 
-120 
- 
- 
-120 
- 
dB 
1.0 Hz '" f '" 20 kHz (Input 
Referred) 


NOTES: (continued) 


3. 
Input 
bias 
currents 
of JFET 
input 
ap amps 
approximately 
double 
for 
every 
lOoC rise 
in junction 
temperature. 
To maintain 
junction 
temperatures 
as 


close 
to ambient 
as is possible, 
purse 
techniques 
are utilized 
during 
test. 
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Specifications 
and Applications 
Information 


MONOLITHIC 
JFET INPUT 
OPERATIONAL 
AMPLIFIERS 


These 
internally 
compensated 
operational 
amplifiers 
incorporate 


highly 
matched 
JFET 
devices on 
the 
same chip 
with 
standard 
bipolar 
transistors. 
The JFET 
devices enhance the 
input 
charac· 


teristics 
of 
these 
operational 
amplifiers 
by 
more 
than 
an 
order 


of magnitude 
over conventional 
amplifiers. 


This 
series 
of 
op 
amps 
combines 
the 
low 
current 
characteristics 
typical 
of 
FET amplifiers 
with 
the low initial 
offset voltage and 


offset voltage stability 
of bipolar amplifiers. 
Also, nulling the offset 


voltage does not degrade the drift or common mode rejection. 


• 
Low Input Bias Current - 30 pA 


• 
Low Input Offset Current - 3.0 pA 


• 
Low Input Offset Voltage - 
1.0 mV 


• 
Temperature Compensation of Input Offset Voltage- 


3.0 !lV/oC 


• 
Low Input Noise Current - 0.01 pA/y'HZ 


• 
High Input Impedance - 
1012[2 


• 
High Common·Mode Rejection Ratio - 
100 dB 


• 
High DC Voltage Gain - 
106 dB 


• 
LF355/355B - 
Low Power Supply Current 


• 
LF356/356B - 
Wide Bandwidth 


• 
LF357/357B - 
Wider Bandwidth 
Decompensated 
(AVmin = 5) 


LF355/355B LF356/356B LF357/357B 
Fast SettlinQ Time to 0,01% 
4,0 
/Ls 
1.5 US 
1.5 ILS 
Fast Slew Rate 
5.0 V//LS 
12 V//LS 
50 V//LS 
Wide Gain Bandwidth 
2,5 MHz 
5,0 MHz 
20 MHz 
Low Input Noise Voltage 
20 nVIYHz 
12 nV/YHz 
12 nV/YHz 


Device 
Temperature Range 
Package 


LF355BH,H 
o to +70"C 
Metal 
Can 
LF355BJ,J 
o to + 70"C 
Ceramic 
DIP 


LF356BH,H 
o to + 70ce 
Metal 
Can 
LF356BJ,J 
o to + 70"C 
Ceramic 
DIP 


LF357BH,H 
o to + 70"C 
Metal 
Can 
LF357BJ,J 
o to + 70"e 
Ceramic 
DIP 


LF355, LF356, 
LF357* LF355B, 
LF356B, LF357B* 


MONOLITHIC 
JFET 
OPERATIONAL 
AMPLIFIERS 


H SUFFIX 


METALPACKAGE 


CASE601-04 
'. 
J SUFFIX 


CERAMICPACKAGE 


CASE693-02 


Offset 
Null 
lo..•• 
t Input 


Noninvt 
Input 


VEE'8 


SNC 


2 
- 
7 
V CC 
3 
+ 
6 Output 


4 
5 
Offset 
Null 


(Top View) 


The 
LF 
series is suggested for 
all 
general 
purpose 
FET 
input 
amplifier 
requirements 
where 
precision 
and 
frequency 
response 
flexibil ity are of prime importance. 


Specific applications 
include: 


• 
Sample and Hold Circuits 


• 
High Impedance Buffers 


• 
Fast D/A and AID 
Converters 


• 
Precision High Speed Integrators 


• 
Wideband, 
Low Noise, Low Drift Ampl ifiers 


-NOTE: The LF357/357B 
are designed for wider 


bandwidth applications. They are decompensated 
(AVmin = 5). 


LF3558/ 


Rating 
Symbol 
3568/3578 
LF355/356/357 
Unit 


Supply 
Voltage 
VCC 
+22 
+18 
V 


VEE 
-22 
-18 


Differential 
Input 
Voltage 
VID 
:>040 
:>030 
V 


Input 
Voltage 
Range 
(Note 
11 
VI DR 
:>020 
:>016 
V 


Output 
Short~Circuit 
Duration 
T8 
Continuous 


Operating 
Ambient 
Temperature 
Range 
TA 
o to 
+ 70 
°c 


Operating 
Junction 
Temperature 
TJ 
115 
°c 


Storage 
Temperature 
Range 
T5tg 
-65 
to 
+150 
°c 


PI 


DC ELECTRICAL CHARACTERISTICS 
(VCC 
~ 
15 to 20 V, VEE 
~ 
-15 
to 
- 20 V for 
LF355B/356B/357B; 
VCC = 15 V, VEE = 


-15 
V for 
LF355/356/357; 
TA = O·C to 
+ 70·C unless 
otherwise 
noted) 


LF355B/6BnB 
LF355/6n 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS = 50 n, VCM 
= 01 
Via 
mV 


(TA 
~ 
25·CI 
- 
3.0 
5.0 
- 
3.0 
10 


(Over 
Temperature) 
- 
- 
6.5 
- 
- 
13 


Average 
Temperature 
Coefficient 
of Input 
Offset 
6V10/6T 
- 
5.0 
- 
- 
5.0 
- 
p'vrc 


Voltage 
~ 


(RS = 50 nl 


Change 
in Average 
TC with 
Via 
Adjust 
6TC/6V10 
- 
0.5 
- 
- 
0.5 
- 
p'vrc 
(RS = 50 nl 
(Note 
2) 
per 
mV 


Input 
Offset 
Current 
(VCM 
~ 
0) (Note 
3) 
110 


(TJ 
~ 
25·C) 
- 
3.0 
20 
- 
3.0 
50 
pA 


(TJ 
'" 70·CI 
- 
- 
1.0 
- 
- 
2.0 
nA 


Input 
Bias Current 
(VCM 
= 0) (Note 
3) 
liB 


ITJ = 25·C) 
- 
30 
100 
- 
30 
200 
pA 


ITJ 
'" 70·CI 
- 
- 
5.0 
- 
- 
8.0 
nA 


Input 
Resistance 
IT J = 25·CI 
ri 
- 
1012 
- 
- 
1012 
- 
n 


Large 
Signal 
Voltage 
Gain 
AVOL 
V/mV 
(Va 
= 
:!:10 V, RL = 2.0 k, VCC 
~ 
15 V, 


VEE 
~ 
-15 
VI 
(TA 
= 25·C) 
50 
200 
- 
25 
200 
- 
(O·C '" TA '" 
+ 70·CI 
25 
- 
- 
15 
- 
- 


Output 
Voltage 
Swing 
Va 
V 


(VCC 
= 15 V, VEE = 
-15 
V, RL = 10 kfil 
:!: 12 
:!:13 
- 
:!:12 
:!:13 
- 


(VCC 
= 15 V, VEE = 
-15 
V, RL ~ 
2 kfil 
±10 
:!: 12 
- 
:!:10 
:!: 12 
- 


Input 
Common-Mode 
Voltage 
Range 
VICR 
±11 
+15.1 
- 
:!:10 
+15.1 
- 
V 


(VCC 
~ 
15 V, VEE = 
-15 
VI 
-12.0 
-12.0 


Common-Mode 
Rejection 
Ratio 
CMRR 
85 
100 
- 
80 
100 
- 
dB 


Supply 
Voltage 
Rejection 
Ratio 
(Note 
4) 
PSRR 
85 
100 
- 
80 
100 
- 
dB 


Supply 
Current 
(TA = 25·C, VCC 
~ 
15 V, 
ID 
mA 
VEE 
~ 
-15 
VI 


LF355B/355 
- 
2.0 
4.0 
- 
2.0 
4.0 


LF356B1357B 
- 
5.0 
7.0 
- 
- 
- 


LF356/357 
- 
- 
- 
- 
5.0 
10 


LF355B/355 
lF356B/356 
lF357B/357 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Slew 
Rate 
(Note 
5) 
SR 
V/p.S 


(Av 
~ 
1) LF355/356 
- 
5.0 
- 
7.5 
12 
- 
- 
- 
- 
(Av 
= 5) LF357 
- 
- 
- 
- 
- 
- 
30 
50 
- 


Gain-Bandwidth 
Product 
GBW 
- 
2.5 
- 
- 
5.0 
- 
- 
20 
- 
MHz 


Settling 
Time 
to 0.01% 
(Note 
6) 
ts 
- 
4.0 
- 
- 
1.5 
- 
- 
1.5 
- 
p.S 


Equivalent 
Input 
Noise 
Voltage 
en 
nV/v'Hz 


IRS = 100 n, 
f = 100 Hz) 
- 
25 
- 
- 
15 
- 
- 
15 
- 
IRS 
~ 
100 n, 
f ~ 
1000 HzI 
- 
20 
- 
- 
12 
- 
- 
12 
- 


Equivalent 
Input 
Noise 
Current 
in 
pAlv'Hz 


If = 100 Hzl 
- 
0.01 
- 
- 
0.01 
- 
- 
0.01 
- 
If ~ 
1000 Hzl 
- 
0.01 
- 
- 
0.01 
- 
- 
0.01 
- 


Input 
Capacitance 
Ci 
- 
3.0 
- 
- 
3.0 
- 
- 
3.0 
- 
pF 


(1) Unless otherwise specified. the absolute maximum negative input 
lIoltage is equal to the negative power supply. 


(2) The temperature coefficient of the adjusted input offset voltage 


changes 
only 
a small 
amount 
(0.5 JiVrC 
typically) 
for 
each 
mV of 


adjustment from its original unadjusted value. Common-mode re- 
jection and open loop voltage gain are also unaffected by offset 
adjustment. 


(31 The input bias currents approximately double for every 10°Crise in 
junction temperature, TJ. Due to limited test time, the input bias 
currents are correlated to junction temperature. Use of a heat sink 
is recommended if input bias current is to be kept to a minimum. 


{41 Supply voltage rejection ratio is measured for both supply magni- 


tudes increasing or decreasing simultaneously, in accordance with 
common practice. 
(5) The Min. slew rate limits apply for the lF356B and the lF357B, but 


do not apply for the lF356 or lF357. 


(6) Settling time is defined here, for a unity gain inverter connection 
using 2.0 k resistors for the lF355/6. It is the time required for the 
error voltage (the voltage at the inverting input pin on the amplifier) 
to settle to within 0.01% of its final value from the time a 10V step 
input is applied to the inverter. For the lF357. Av ::::- 5.0, the feed- 
back resistor from output to input is 2.0 k and the output step is 10 
V (see settling time test circuit). 


TYPICAL DC PERFORMANCE 
CHARACTERISTICS 
(Curves are for LF355, LF356, and LF357 series unless otherwise 
specified) 
INPUT BIAS CURRENT versus CASE TEMPERATURE 
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FIGURE 28 - 
(LF356AND LF357 SERIES) 
FIGURE 27 - 
(LF355 SERIES) 
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FIGURE29 - 
(LF355/356/357SERIES) 
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Due to 
a unique 
output 
stage design these amplifiers 
have the 
ability 
to 
drive 
large capacitive 
loads and still 
maintain 
stability. 


CL(max) 
:i!= 0.01 
p.F. 


Overshoot" 
20% 


Settling 
time 
(ts) 
i:! 5.0 
J.1S 


• 
VIO 
IS adjusted 
with 
a 25 
k potentiometer 
The 
potentiometer 
wiper 
is connected 
to 
V CC 


For 
potentiometers 
with 
temperature 
coefficient 
of 
100 
ppm/oC 
or 
less 
the 
additional 
drift 
with 
adjust 
is::::: 0.5 
p.V! 


DC/mY 
of adjustment 
. 


• 
Typical 
overall 
drift 
5.0 
jJ.V/oC 
1(0.5 
jJ.V{JC/mV 
of adjustment.) 


'OV/\ 
/\ 


-,OV \OJ 


10V r 


O-.J 
2k,O.1% 


-400,0.1% 


• 
Senling 
time is tested 
with the lF35516 


connected 
as unity gain inverter 
and LF357 


connected 
for Ay :; 
- 5 


, 


Cl 
_.L_ 
-r 
---L 


• 
Parasitic 
input 
capacitance 
(e1 •• 3 pF for lF355, 
lF356, 
and 
lF357 
plus any 
additional 
layout 
capacitance) 
interacts 
with 
feedback 
elements 
and creates 
un- 


desirable 
high frequency 
pole. To compensate 
add C2 such that: 
A2C2 a R1Cl. 


FIGURE 
39 - 
8-BIT 
D/A WITH 
OUTPUT 
CURRENT 
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• 
Overshoot 
6% 


• 
15 - 
10 
J.l.S 


• 
When 
driVing 
large CL. 
the 
Vout 
slew rate is determined 
by CL 


and tout(max): 


• 
VO"" 
5 Rl/R2 
(V/mA 
of 
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• 
Rl, 
R2, 
R3: 
0.1% 
Resistors 


• 
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• 
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• 
Vout 
:= R3IR[2A2IA 
1 + 11 


/iV, VEE + 2 V ~ Vin common-mode 
~ VCC 


• 
System 
VIO Adjusted 
via A2 VIO Adjust 
• 
Trim R310 Boos1 up CMAR 10120 dB 
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LOW OFFSET, 
LOW DRIFT JFET INPUT 
OPERATIONAL AMPLIFIER 


Through 
innovative 
design concepts and precision matching 


this monolithic high speed JFET input operational amplifier family 
offers very low input offset voltage as well as low temperature 
coefficient of input offset voltage. The amplifier requires less than 
3.4 mA per amplifier 
of supply current yet exhibits greater than 


2.7 MHz of gain bandwidth product and more than 8.0 V/!'-s slew 
rate. Through the use of JFET inputs the amplifier 
has very low 


input bias currents and low input offset currents. The amplifier 
utilizes industry standard pinouts which afford the user the oppor- 
tunity to directly upgrade circuit performance without 
the need 


for redesign. 


The LF411C and LF412C are available in the industry standard 
plastic 8-pin DIPand SO-8 surface mount packages, and specified 
over the commercial temperature range. 


• 
Low Input Offset Voltage: 2.0 mV Max iSingle) 


3.0 mV Max (Dual) 


• 
Low T.C. of Input Offset Voltage: 10 !'-vrc 


• 
Low Input Offset Current: 20 pA 


• 
Low Input Bias Current: 60 pA 


• 
Low Input Noise Voltage: 18 nV/\ 'HZ 


• 
Low Input Noise Current: 0.01 pA/\ 
Hz 


• 
Low Total Harmonic Distortion: 
0.05% 


• 
Low Supply Current: 2.5 mA 


• 
High Input Resistance: 1012 II 


• Wide Gain Bandwidth: 
8.0 MHz 


• 
High Slew Rate: 25 V/!'-s 


• 
Fast Settling Time: 1.6!,-s (to within 0.01%) 


ORDERING 
INFORMATION 


Op Amp 
Test Temperature 
Function 
Device 
Range 
Package 


Single 
LF411CD 
O"C to + 70"C 
SO-8 
LF411CN 
Plastic 
DIP 


Dual 
LF412CD 
OCto 
+ 70·C 
SO-8 


LF412CN 
Plastic 
DIP 


LF411C 
LF412C 


SINGLE/DUAL 
JFET 
OPERATIONAL 
AMPLIFIER 


N SUFFIX 
PLASTIC 
PACKAGE 


CASE 
626-05 


D SUFFIX 


PLASTIC 
PACKAGE 


CASE 
751-02 
SO-8 


7 
Output 
2 


: } 
Inputs 2 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltages 
VCC,IVEEI 
+18 
Volts 


Input 
Differential 
Voltage 
Range 
(Note 
11 
VI DR 
~ 30 
Volts 


Input 
Voltage 
Range 
(Note 
11 
V,R 
~15 
Volts 


Output 
Short-Circuit 
Duration 
(Note 
2) 
ts 
Indefinite 
Seconds 


Maximum 
Junction 
Temperature 
TJ 
• 150 
C 


Operating 
Ambient 
Temperature 
Range 
TA 
o to 70 
C 


Thermal 
Resistance 
LF411CN 
412CN 
RHJA 
100 
CWatt 
(Junction to Ambient) 
LF411CO 
412CO 
180 


Storage 
Temperature 
Tsta 
-60 
to 
·150 
C 


Maximum 
Power 
Dissipation 
Po 
INote 
21 
mW 


NOTES· 


1. 
Input 
voltages 
should 
not 
exceed 
VCC 
or VEE 


2. 
Power 
dissipation 
must 
be considered 
to ensure 
maximum 
junction 
temperature 
(TJ) 
is not 


exceeded 


3. 
Measured 
with 
VCC 
and 
VEE 
simultaneously 
varIed. 


Inputs 
{~ 
rt' 


I 


nn 
i 
481 


[ 
i I 


I 
I I 


I 
: 


i 
1 


1 


025 


1 
I 
I 


1 
I 
I 
I 


1 VEE 


I 
Bias Circuitry 
I 


Common 
to All 


Amplifiers 


II 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
IRS 
o 
10 kll, 
VCM 
= o V, Va 
o VI 
via 
mV 


LF411 
- 
05 
20 


LF412 
- 
1.0 
30 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
-'Via 
-,T 
IlV'C 


IRs 
= 
10 k!t 
VCM 
= 0 V, Va 
= 0 VI 
- 
10 
- 


Input 
Offset 
Current 
IVCM 
= 
0 V, Va 
= 0 VI 
110 


LF~11TA=25°C 


i 


_. 
20 
100 
pA 


TA = O'C to 70'C 
- 
- 
2.0 
nA 


LF412 
TA = 25'C 
- 
25 
100 
pA 


TA 
= 
O'C to 70'C 
- 
- 
20 
nA 


Input 
Bias Current 
IVCM 
~ o VI 
liB 


LF411 
TA 
= 25'C 
- 
0.6 
200 
pA 


TA 
= 
O'C to 70'C 
- 
- 
4.0 
nA 


LF412 
TA 
= 25"C 
- 
0.5 
200 
PA~ 
T A = O'C to 70 C 
- 
- 
4.0 
nA 


Large 
Signal 
Voltage 
Gain 
(Vo 
' 10 V, RL 
= 2.0 kill 
AVOL 


I 


V mV 


LF411TA=25C 
25 
80 
- 


TA 
= 
OCto 
70 C 
-t- 


15 
I 
- 
- 


LF412 
TA 
= 
25 C 
25 
I 
150 
- 


TA 
OCto 
70 C 
15 
-- 
- 


Output 
Voltage 
Swmg 
IVID 
.1.0 
V, RL 
10 kill 
V 


LF411 
I 
VO- 


I 


12 
139 
- 
I 


Va 
- 
14.7 
12 


LF412 
Va' 
12 
14 
- 


Va 
- 
- 
14 
12 


Common 
Mode 
Input 
Voltage 
Range 
{Vo 
o Vi 
VICR 
I 
V 


LF411 
-11 
·14 
11 


- 
14 
I 
- 


I 
LF412 
'11 
.15 
11 
- 
- 12 
- 


Common 
Mode 
Rejection 
(VCM 
~ 11 V, RS 
10 kill 
CMR 
dB 


LF411 
I 
70 
90 
- 


LF412 
i 
70 
100 
- 


Power 
Supply 
Rejection 
(Note 3) 


I 


PSR 
dB 


IVCC VEE 
·15 
V 
15 V to 
• 5.0 V 
5.0 VI 
I 


LF411 
l-.l~ 
86 


-~ 
LF412 
100 


Power 
Supply 
Current 
(Vo 
o VI 
i 
ID 
lOA 


Lf411 


I 
i 


- 
2.5 
3.4 


LF412 
-- 
2.8 
68 
i 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Slew 
Rate IVIN 
10 V to 
. 10 V, RL 
2.0 kit 
AV 
= 
- 1.01 
SR 
T 


VI'S 
LF411 
8.0 
25 
- 


LF412 
8.0 
13 
~ 
: 


Gain 
Bandwidth 
Product 
GBW 
I 


MHz 


LF411 
2.7 
8.0 
- 


LF412 
2.7 
40 
- 


Channel 
Separation 
If 
.• 1.0 Hz to 20 kHz, LF4121 
I 
CS 
- 
-120 
- 
dB 


Differential 
Input 
Resistance 
(VCM 
-; 0 VI 
Rin 
- 
1012 
- 
kn 


Equivalent 
Input 
Voltage 
Noise 
(RS 
= 
10011, 
f = 
1.0 kHzI 
en 
nV \ Hz 


LF411 
- 
i 
30 
- 


LF412 
- 
25 
- 


Equivalent 
Input 
Noise 
Current 
(f = 
1.0 kHz I 
in 
pA \ 
Hz 


LF411 
- 
0.01 
- 


LF412 
- 
0.01 
- 
-----.J 
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LOW POWER JFET INPUT 
OPERATIONAL AMPLIFIER 


These 
JFET input 
operational 
amplifiers 
are designed 
for 
low 
power 
applications. 
They feature 
high input impedance, 
low input 
bias current 
and low 
input 
offset 
current. 
Advanced 
design 
tech- 
niques 
allow 
for higher 
slew 
rates, gain bandwidth 
products 
and 
output 
swing. 
The LF441C device 
provides 
for the external 
null 
adjustment 
of input 
offset 
voltage. 
These 
devices 
are specified 
over 
the commercial 
temperature 
range. All are available 
in plastic 
dual in-line 
and SOIC packages. 


• 
Low Supply 
Current 
- 
200 !-,AJAmplifier 


e Low Input 
Bias Current 
- 
5.0 pA 


• 
High Gain 
Bandwidth 
- 
2.0 MHz 


• 
High Slew 
Rate - 
6.0 V/!-'s 


• 
High 
Input 
Impedance 
- 
1012 II 


• 
Large Output 
Voltage 
Swing 
- 
== 14 V 


• 
Output 
Short 
Circuit 
Protection 


ORDERING 
INFORMATION 


OpAmp 
Tested 
Function 
Device 
Temperature 
Ran~e 
Package 


Single 
LF441CD 
o to + 70·C 
SO-8 
LF441CN 
o to + 70·C 
Plastic DIP 


Dual 
LF442CD 
o to + 70·C 
SO-8 
LF442CN 
o to + 70·C 
Plastic DIP 


Quad 
LF444CD 
o to + 70·C 
SO-14 
LF444CN 
o to + 70°C 
Plastic DIP 


LF441C 
LF442C 
LF444C 


LOW 
POWER 
JFET INPUT 
OPERATIONAL 
AMPLIFIERS 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751-02 
SO-8 


Offset NUII~' 
NC 


( 


, 
, VCC 
In uts 
P 
J'" 
" Output 


VEE 
4 
S Offset 
Null 


ISingle, Top Viewl 


Output 1~' 
VCC 
I' -, 
,Output 2 
Inputs 
1 
~, 
'l 
2 
: 
Inputs 
2 
VEE 
4 
S 


IDual, Top View) 


14~' 


" 


N SUFFIX 
PLASTIC PACKAGE 
CASE 646-06 


o SUFFIX 
PLASTIC PACKAGE 
CASE 751A-02 
SO-14 


Output 
1 
I 
'4 
Output 
4 


Inputs 
1 { : 
Inputs 4 


VCC • 
" VEE 


Inputs 
2 { : 
>OJ') 
Inputs 
3 


Output 2 , 
• Output 3 


II 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
(from 
VCC to VEE) 
Vs 
+36 
V 


Input 
Differential 
Voltage 
Range 
(Note') 
VI DR 
±30 
V 


Input 
Voltage 
Range 
(Notes 
1 and 2) 
VIR 
±15 
V 


Output 
Short-Circuit 
Duration 
(Note 3) 
ts 
Indefinite 
Seconds 


Operating 
Junction 
Temperature 
(Note 3) 
TJ 
+ 150 
·C 


Storage 
Temperature 
Range 
Tsto 
-60 
to + 150 
·C 


NOTES: 


1. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply or 15 volts. whichever is less. 
3. Power dissipation must be considered to ensure maximum junction temperature (TJ) is not exceeded. (See Figure 1 ) 


Inputs 
{: 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS = , 0 kll, 
Va = 0 V) 
Via 
mV 


Single 
TA = 
+25·C 
- 
3.0 
5.0 


TA = O·C to 
+70·C 
- 
- 
7.5 


Dual 


TA = 
+25·C 
- 
3.0 
5.0 


TA = O·C to 
+ 70·C 
- 
- 
7.5 


Quad 


TA = 
+25·C 
- 
3.0 
10 


TA = O·C to 
+ 70·C 
- 
- 
12 


Average 
Temperature 
Coefficient 
of Offset 
Voltage 
(RS = 10 kll, 
Va 
= OV) 
<1VIOi<H 
- 
10 
- 
IJ.vrc 


Input 
Offset 
Current 
IVCM = 0 V, Va 
= 0 VI 
110 
TA = 
+25·C 
- 
0.5 
50 
pA 
TA = O·C to 
+70·C 
- 
- 
1.5 
nA 


Input 
Bias Current 
IVCM = 0 V, Va = 0 V} 
liB 
TA = 
+25·C 
- 
3.0 
100 
pA 
TA = O·C to 
+ 70·C 
- 
- 
3.0 
nA 


Common 
Mode 
Input 
Voltage 
Range 
(TA = 
+ 25·C) 
VICR 
- 
+ 14.5 
+11 
V 


-11 
-12 
- 


Large 
Signal 
Voltage 
Gain 
(Va = 
"'10 
V, RL = 10 kn) 
AVOL 
V/mV 
TA = 
+25·C 
25 
60 
- 
TA = O·C to 
+ 70·C 
15 
- 
- 


Output 
Voltage 
Swing 
IRL = 10 kill 
VO+ 
+12 
+14 
- 
V 


VO- 
- 
-14 
-12 


Common 
Mode 
Rejection 
(RS '" 10 kll, 
VCM 
= VICR, Va 
= 0 V) 
CMR 
70 
86 
- 
dB 


Power 
Supply 
Rejection 
IRS = 100 ll, 
VCM = 0 V, Va = 0 V} 
PSR 
70 
84 
- 
dB 


Power 
Supply 
Current 
(No Load, 
Va = 0 VI 
10 
IJ.A 
Single 
- 
200 
250 
Dual 
- 
400 
500 
Quad 
- 
800 
1000 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Slew 
Rate IVin = 
- 10 V to 
+ 10 V, RL = 10 kll, 
CL = 10 pF, AV = 
+ 1.0) 
SR 
0.6 
6.0 
- 
V/lJ.s 


Settling 
Time 
To within 
10 mV 
ts 
- 
1.6 
- 
IJ.S 


(Av = - 1.0, RL = 10 kll, 
Va = 0 V to 
+ 10 V) 
To within 
1.0 mV 
- 
2.2 
- 


Gain 
Bandwidth 
Product 
(f = 200 kHz) 
GBW 
0.6 
2.0 
- 
MHz 


Equivalent 
Input 
Noise 
Voltage 
(RS = 100 ll, 
f = 1.0 kHzl 
en 
- 
47 
- 
nV/YHz 


Equivalent 
Input 
Noise 
Current 
(f = 1.0 kHz) 
in 
- 
0.01 
- 
pAlYHz 


Input 
Resistance 
Ri 
- 
1012 
- 
II 


Channel 
Separation 
(f = 1.0 Hz to 20 kHz) 
CS 
- 
120 
- 
dB 


EI 


I 
I I I I I I 
I 
I I I I I I 


f---~ 
" 
~~&)4 JIN ~JSTUKGI 


I"'" 


r-- 
SO·14 PKG. 


i' 
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•.. 


':::::' 
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E 
2000 
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1600 
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The LM11 is a precision, 
low drift operational 
amplifier 
provid- 
ing the best features 
of existing 
FET and Bipolar 
op amps. Im- 
plementation 
of super gain transistors 
allows 
reduction 
of input 
bias currents 
by an order of magnitude 
over earlier devices such 
as the LM108A. Offset voltage 
and drift have also been reduced. 
Although 
bandwidth 
and slew rate are not as great as FET devices, 


input 
offset voltage, 
drift 
and bias current 
are inherently 
lower, 


particularly 
over temperature. 
Power consumption 
is also much 
lower, eliminating 
warm-up stabilization time in critical applications. 


Offset balancing 
is provided, 
with the range determined 
by an 
external 
low resistance potentiometer. 
Compensation 
is provided 
internally, 
but external 
compensation 
can be added for improved 
stability 
when driving 
capacitive 
loads. 


The precision 
characteristics 
of the LM 11 make this device ideal 
for 
applications 
such as charge 
integrators, 
analog 
memories, 


electrometers, 
active filters, light meters and logarithmic 
amplifiers. 


• 
Low Input Offset Voltage: 


• 
Low Input Bias Current: 


• 
Low Input Offset Current: 


• 
Low Input Offset Voltage 
Drift: 


• 
Long-Term 
Stability: 


• 
High Common 
Mode Rejection: 


100/-LV 


17 pA 


0.5 pA 


1.0/-LVrC 


10/-LV/year 


130 dB 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
Vcc 
to VEE 
40 
Vdc 


Differential 
Input Current (Note 1) 
110 
±10 
mA 


Output 
Short-Circuit 
Duration INote 2) 
ts 
Indefinite 


Power Dissipation 
{Note 31 
Po 
500 
mW 


Operating Junction 
Temperature 
TJ 
·C 


LMll 
150 


LMllC/CL 
85 


Storage Temperature 
Range 
Tstg 
·C 


Metal and Ceramic Packages 
-65 
to 
+ 150 


Plastic 
Package 
-55 
to 
+ 125 


Operating 
Ambient 
Device 
Temperature 
Range 
Package 


LM11CLN,CN 
o to 
+70·C 
Plastic 
8-Pin 
DIP 


LM 11CLJ-8, 
CJ-8 
o to 
+ 70·C 
Ceramic 
8-Pin 
DIP 


LM11CLJ, 
CJ 
o to 
+ 70·C 
Ceramic 
14-Pin 
DIP 


LM11CLH, 
CH 
o to 
+70·C 
Metal 
Can 


LM11J-8 
-55 
to 
+ 125·C 
Ceramic 
8-Pin 
DIP 


LM11J 
-55 
to 
+125·C 
Ceramic 
14-Pin 
DIP 


LM11H 
- 55 to 
+ 125·C 
Metal 
Can 


LMII 
LM11C 
LMllCL 


PRECISION 
OPERATIONAL 
AMPLIFIERS 


SILICON 
MONOLITHIC 
INT~GRATED 
CIRCUIT 


N SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-04 


J-8 SUFFIX 
CERAMIC 
PACKAGE 
CASE 
693-02 


B"""f3B 
B,I,n" 


{ 


2 
- 
7 
Vec 
Inpuls 
3 
+ 
6 
Output 


Vee 
4 
5 
Compensauon 


Hop Vlewl 


it 


M~:~~~:N 
CASE 
601-04 


I 


Case Connected 
To VEE 


Balance,..r1 


8 1 


J SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 


"Unused 
pin (no internal 
connection) 
to allow 
for input anti-leakage guard ring on printed 
circuit board layout. 


lMll 
lMllC 
lMllCl 


Characteristics 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 
VIO 
- 
0.1 
0.3 
- 
0.2 
0.6 
- 
0.5 
5.0 
mV 
Tlow to Thiah 
- 
- 
0.6 
- 
- 
0.8 
- 
- 
6.0 


Input Offset Current 
110 
- 
0.5 
10 
- 
1.0 
10 
- 
4.0 
25 
pA 
Tlow to Thiah 
- 
- 
30 
- 
- 
20 
- 
- 
50 


Input 8ias Current 
liB 
- 
17 
50 
- 
17 
100 
- 
17 
200 
pA 
Tlow to Thiah 
- 
- 
150 
- 
- 
150 
- 
- 
300 


Input 
Resistance 
ri 
- 
lOll 
- 
- 
lOll 
- 
- 
lOll 
- 
n 


Input Offset Voltage Drift 
<l.VloJ<l.T - 
1.0 
3.0 
- 
2.0 
5.0 
- 
3.0 
- 
p'vrc 
Tlow to Thioh 


Input Offset Current 
Drift 
.!l.1IO/<l.T - 
20 
- 
- 
10 
- 
- 
50 
- 
fArC 


Tlow to Thioh 


Input 8ias Current 
Drift 
<l.118/<l.T - 
0.5 
1.5 
- 
0.8 
3.0 
- 
1.4 
- 
pArC 
Tlow to Thiah 


large 
Signal Voltage Gain 
AVOl 
V/mV 
VS= 
±15V,Vout~ 
±12V, 
100 
300 
- 
100 
300 
- 
25 
300 
- 
lout ~ ± 2.0 mA 
Tlow to Thigh (Note 5) 
50 
- 
- 
50 
- 
- 
15 
- 
- 
VS= 
±15V,Vout= 
±12V, 
250 
1200 - 
250 
1200 - 
50 
800 
- 
lout = ± 0.5 mA 
Tlow to Thioh 
100 
- 
- 
100 
- 
- 
30 
- 
m 


Common 
Mode 
Rejection 
Ratio 
CMRR 
dB 
Vs = ± 15 V, - 13 V",VCM"'14 V 
110 
130 
- 
110 
130 
- 
96 
110 
- 
Vs = ±15V, 
-12.5 
V"'VCM"'14 V, 
Tlow to Thioh 
100 
- 
- 
100 
- 
- 
90 
- 
- 


Power Supply 
Rejection 
Ratio 
PSRR 
dB 


± 2.5 V"'VS'" ± 20 V 
100 
118 
- 
100 
118 
- 
84 
100 
- 
Tlow to thioh 
96 
- 
- 
96 
- 
- 
80 
- 
- 


Power Supply 
Current 
10 
- 
0.3 
0.6 
- 
0.3 
0.8 
- 
0.3 
0.8 
mA 
Tlow to Thioh 
- 
- 
0.8 
- 
- 
1.0 
- 
- 
1.0 


Output 
Short-Circuit 
Current 
los 
- 
±10 
- 
- 
±10 
- 
- 
±10 
- 
mA 
TJ = 150'C, Output 
Shorted 


to Ground 


Notes: 
1. The inputs are shunted by back-lo-back diodes for over-voltage protection. Excessive current will flow if the input differential voltage is in excess 


of 1.0 V if no limiting 
resistance is used. Additionally, 
a 2 k{) resistance in each input is suggested to prevent possible latch-up initiated 
by supply 


reversals. 


2. The output is current limited when shorted to ground or any voltages less than the supplies. Continuous 
overloads 
will require package dissipation 
to be considered 
and heat sinking should be provided 
when necessary. 


3. Devices must be derated based on package thermal 
resistance (see package outline dimensions). 


4. These specifications 
apply for VEE + 2.0 V:s.;VCM"'"VCC- 
1.0 V (VEE + 2.5 Vos;VCMos;;VCC- 
1.0 V for Tlow to Thigh) and ± 2,5 V'Si,VS:s.;± 20 V 
Tlow to Thigh: 
-55°Cos;TJos;+125°C for LMll 
O'C",TJ'"+ 
70'C for lMllC 
and lMl1Cl 
5. Vout = ± 11.5 V, all other conditions 
unchanged. 
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FIGURE 
3 - 
TEMPERATURE 
COEFFICIENT 
OF 
INPUT 
OFFSET VOLTAGE 
versus INPUT 
OFFSET VOLTAGE 
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Due to the extremely low input bias currents of this 
device, it may be tempting to remove the bias current com- 
pensation 
resistor normally associated with 
a summing 
amplifier configuration. Direct connection of the inputs to a 
low impedance source or ground should be avoided when 
supply voltages greater than approximately 3 volts are used. 
The potential problem involves reversal of one supply which 
can cause excessive current to flow in the second supply. 
Possible destruction of the IC could result if the second 
supply is not current limited to approximately 100 mA or if 
bypass capacitors greater than 1.0IlF are used in the supply 
bus. 


Disconnecting one supply will generally cause reversal 
due to loading of the other supply within 
the IC and in 
external circuitry. 
Although 
the problem can usually be 
avoided by placing clamp diodes across the power supplies 
of each printed circuit board, a careful design will include 
sufficient resistance in the input leads to limit the current to 
10mA if the input leadsare pulled to either supply by internal 
currents. This precaution is not limited to only the LMll. 


The LM11 is capable of resolving picoampere level sig- 


nals. Leakage currents external to the IC can severely impair 
the performance of the device. It is important" that high 
quality insulating materials such as teflon be employed. 
Proper cleaning to remove fluxes and other residues from 
printed circuit boards, sockets and the device package are 
necessary to minimize surface leakage. 
When operating in high humidity environments or tem- 
peratures near ODC,a surface coating is suggested to set up 
a moisture barrier. 
Leakageeffects on printed circuit boards can be reduced 
by encircling the inputs (both sides of p.c. boardI with a 
conductive guard ring connected to a low impedance poten- 
tial nearly the same as that of the inputs. 


The suggested printed circuit 
board layout for input 
guarding is shown in Figure 14. Guard ring electrical con- 
nections for common operational amplifier configurations 
are illustrated in Figure 15. For critical applications, a 14-pin 


dual in-line package is available with guard pins (internally 
unconnected) adjacent to the inputs for minimal package 
leakage effects. 
Electrostatic shielding is suggested in high-impedance 
circuits. 
Error voltages in external circuitry can be generated by 
thermocouple effects. Dissimilar metals along with temper- 
ature gradients can set up an error voltage ranging in the 
hundreds of microvolts. Some of the best thermocouples are 
junctions of dissimilar metals made up of IC package pins 
and printed circuit boards. Problems can be avoided by keep- 
ing low level circuitry away from heat generating elements. 


The LM11 is internally compensated, but external com- 


pensation can be added to improve stability, 
particularly 
when driving capacitive loads. 


FIGURE 14 - 
SUGGESTED 
PRINTED 
CIRCUIT 
BOARD 
LAYOUT 
FOR INPUT 
GUARDING 
USING 
METAL 
PACKAGED 
DEVICE 


Balance 
vcc, f) 


Output, 
7 
8 
1 


6 


4 
VEE/ 


Guard 


(Bottom View) 


The above guard ring. required on both sides of the 
board, is connected to a low impedance point of the 
same potential 
as the sensitive inputs to reduce surface 


leakage 
paths. 
Bulk 
leakage 
is 
reduced 
less. 
and 
depends more on guard ring width. 


~ 
'",""' 
Input~ 


~ 
Output 


Input~ 


Current 
is limited 
by 
Rl 
in the event the input 
is 
connected 
to a low 
impedance 
source outside 
the 
common-mode 
range of the device. Current is con- 


trolled by R2 if one supply reverses. R1 and R2 do not 
affect normal operation. 


"C1 O"~, 


Input~ 
10 k 


Input current is limited by Rl when the input exceeds 
supply voltage, power supply is turned off, or output is 
shorted. 


An 
input shield boot strapped in a voltage follower 
reduces input capacitance, leakage, and spurious volt- 
ages from 
cable flexing. 
A small capacitor from the 
input to ground will prevent any instability. 
In a summing amplifier the input is at virtual ground. 
Therefore the shield can be grounded. A small feedback 
capacitor will insure stability. 


Minimum 
Adjustment 
Range 
R 


(mV) 
n 


±0.4 
1.0 k 
± 1.0 
3.0 k 
±2.0 
10 k 


± 5.0 
100 k 


Input offset voltage adjustment range is a function of the Balance 
Potentiometer 
Resistance as indicated 
by the table above. The 
potentiometer 
is connected between the two "Balance" 
pins. 


II 


A general purpose operational 
amplifier 
that allows the user to 
choose the compensation 
capacitor best suited to his needs. With 
proper compensation, 
summing 
amplifier 
slew rates to 10 V/ll-s 
can be obtained. 


• 
Low Input Offset Current - 
20 nA maximum 
Over 
Temperature 
Range 


• 
External Frequency Compensation 
for Flexibility 


• Class AS Output 
Provides Excellent Linearity 


• 
Output Short Circuit Protection 


• 
Guaranteed Drift Characteristics 


Vo 
~ 
4,8 
V for 
VlT"'Vj"'VUT 
Vo 
= 
0.4 
V 


VI - 
VLT 
Of VI 
VUT 


PinS 
Not 
Shown 
Are 
Not 
ConnecTed 


N SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


(LM201A 
and 
LM301A) 


J SUFFIX 
CERAMIC 
PACKAGE 
CASE 
693-02 


•• 
o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
SO-8 


6~ 
1 


Balance 


Inputs 1 


VEE 


H SUFFIX 


METAL 
PACKAGE 
CASE 
601-04 


4 


VEE 


(Top View) 


ORDERING 
INFORMATION 


Temperature 
Device 
Range 
Package 


LM'01AH 
- 55°C to + 125°C 
Metal Can 
LM101AJ 
- 55°C to + 125°C 
Ceramic DIP 
LM201AD 
- 25°C to + 85°C 
50-8 
LM20'AH 
- 25°C to + 85°C 
Metal Can 
LM201AN 
- 25°C to +85°C 
Plastic DIP 
LM201AJ 
- 25°C to +85°C 
Ceramic Dip 
LM301AD 
O°Cto + 70°C 
50-8 
LM301AH 
DOC to + 70°C 
Metal Can 
LM301AN 
O°Cto +70°C 
Plastic DIP 
LM301AJ 
O°Cto +70°C 
Ceramic Dip 


VALUE 


Rating 
Symbol 
LM101A 
I 
LM201A 
I 
LM301A 
Unit 


Power 
Supply 
Voltage 
VCC, VEE 
:!:22 
I 
:!:22 
I 
:!:18 
Vdc 


Input 
Differential 
Voltage 
VID 
•• 
+30 
• 
Volts 


Input 
Common-Mode 
Range 
(Note 
1) 
VICR 
..• 
+15 
• 
Volts 


Output 
Short-Circuit 
Duration 
ts 
•• 
Continuous 
• 


Power 
Dissipation 
(Package 
Limitation) 
Po 
Metal 
Can 
.. 
500 
• 
mW 
Derate 
above 
T A = 
+ 75·C 
.. 
6.8 
• 
mWrC 
Plastic 
Dual 
In-Line 
Package 
(LM201A1 
- 
625 
625 
mW 
Derate 
above 
T A ~ 
+ 
25·C 
301A) 
- 
5.0 
5.0 
mWrC 
Ceramic 
Package 
.. 
750 
• 
mW 
Derate 
above 
25·C 
.. 
6.6 
• 
mWrC 


Operating 
Ambient 
Temperature 
Range 
TA 
-55 
to 
+ 125 
I 
-25 
to 
+85 
I 
o to 
+ 70 
·C 


Storage 
Temperature 
Range 
Tsta 
•• 
65 to 
+150 
• 
·C 


Note 1. For supply voltages less than ± 15 V, the absolute maximum input voltage is equal to the supply voltage. 


ELECTRICAL 
CHARACTERISTICS 
ITA 
~ 
+ 25·C unless 
otherwise 
noted.1 
Unless 
otherwise 
specified, 
these 
specifications 
apply 
for 
supply 
voltages 
from 
0'05.0 V to 
0'020 V for the 
LM101A 
and 
LM201A, 
and 
from 
0'05.0 V to 


:!: 15 V for 
the 
LM301A. 


LM101A 
LM201A 
LM301A 


Characteristics 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS '" 50 kfl) 
VIO 
- 
0.7 
2.0 
- 
2.0 
7.5 
mV 


Input 
Offset 
Current 
110 
- 
1.5 
10 
- 
3.0 
50 
nA 


Input 
Bias Current 
liB 
- 
30 
75 
- 
70 
250 
nA 


Input 
Resistance 
ri 
1.5 
4.0 
- 
0.5 
2.0 
- 
Megohms 


Supply 
Current 
ICC,IEE 
mA 
VCCNEE 
= 
0'020 V 
- 
1.8 
3.0 
- 
- 
- 
VCCNEE 
= 
:!: 15 V 
- 
- 
- 
- 
1.8 
3.0 


Large 
Signal 
Voltage 
Gain 
AV 
50 
160 
- 
25 
160 
- 
V/mV 
(VCCNEE 
~ 
0'015 V, Vo 
~ 
:!:10V, 


RL > 2.0 kfl) 


Input 
Offset 
Voltage 
(RS '" 50 kfl) 
VIO 
- 
- 
3.0 
- 
- 
10 
mV 


Input 
Offset 
Current 
110 
- 
- 
20 
- 
- 
70 
nA 


Average 
Temperature 
Coefficient 
of 
aVIOhH 
- 
3.0 
15 
- 
6.0 
30 
",vrc 
Input 
Offset 
Voltage 


TA(minl 
'" TA '" TA(maxl 


Average 
Temperature 
Coefficient 
of 
aiIO/aT 
nWC 
Input 
Offset 
Current 


+ 25·C '" TA '" TA(maxl 
- 
0.01 
0.1 
- 
0.01 
0.3 


TA(min) 
'" TA '" 25·C 
- 
0.02 
0.2 
- 
0.02 
0.6 


Input 
Bias Current 
liB 
- 
- 
100 
- 
- 
300 
nA 


Large 
Signal 
Voltage 
Gain 
AV 
25 
- 
- 
15 
- 
- 
V/mV 
IVCCNEE 
= 
0'015 V, Vo 
~ 
:!: 10 V, 


RL > 2.0 kfl) 


Input 
Voltage 
Range 
VI 
V 
VCCNEE 
= 
0'020 V 
±15 
- 
- 
- 
- 
- 
VCCNEE 
= 
0'015 V 
- 
- 
- 
0'012 
- 
- 


Common-Mode 
Rejection 
Ratio 
CMRR 
80 
96 
- 
70 
90 
- 
dB 
RS '" 50 kO 


Supply 
Voltage 
Hejection 
Ratio 
PSRR 
80 
96 
- 
70 
96 
- 
dB 
RS '" 50 kO 


Output 
Voltage 
Swing 
Vo 
V 
VCCNEE 
= 
0'015 V, RL ~ 
10 kO, 
±12 
:!: 14 
- 
:!: 12 
±14 
- 
RL = 2.0 kO 
:!:10 
0'013 
- 
±10 
:!:13 
- 


Supply 
Currents 
(TA 
~ TA(maxl. 
ICC, lEE 
- 
1.2 
2.5 
- 
- 
- 
mA 
VCcNEE 
~ 
:!:20 VI 


II 


II 


~ 
16 
~ 
'" 
~ 
12 


~ 
§Z 
8.0 
~ 
~ 


~ 
4.0 


100 


94 


a;,. 
z 
88 
••'" 
'" 
~ 
82 
~ 


76 


70 
0 


a; 
~+100 


~ 
+80 


~ 
+60 
oi- +40 


+2lI 


TYPICAL 
CHARACTERISTICS 


(VCC ~ + 15 V. VEE ~ -'5 
V. TA ~ + 25·C unless otherwise noted.) 


~ 
16 


+I 


'" 
~ 
12 


~ 
§; 
8.0 
~5 
4.0 
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{i2 
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'" 
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20 
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TYPICAL CHARACTERISTICS 
(continued) 
(VCC = 
+15 
V, VEE = 
-15 
V, TA 
~ 
+ 25'C unless 
otherwise 
noted.) 
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+6.0 
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+4.0 
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FIGURE 15 - 
FEEDFORWARD COMPENSATION 
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The LM108/LM208/LM308 
Series operational 
amplifiers 
provide 
high input impedance, 
low input offsets and temperature 
drifts, 


and low noise. These characteristics 
are made possible by use of 
a special Super Beta processing 
technology. 
This series of am- 
plifiers is particularly 
useful for applications 
where high-accuracy 
and low-drift 
performance 
are essential. 
In addition 
high-speed 
performance 
may be improved 
by employing 
feed-forward 
com- 
pensation techniques 
to maximize 
slew rate without 
compromis- 
ing other performance 
criteria. 
The LM 108A1LM208A1LM308A Series offers extremely low input 
offset voltage and drift specifications 
allowing 
usage in even the 
most critical applications 
without 
external 
offset nulling. 


• 
Operation 
From a Wide Range of Power Supply Voltages 


• 
Low Input Bias and Offset Currents 


• 
Low Input Offset Voltage and Guaranteed 
Offset Voltage Drift 
Performance 


• 
High Input Impedance 


Inverting 


Input 
Non- 
Inverting 
Input 


Inverting 
Rl 


Input 


Non- 
R3 
Inverting 
Input 


Device 
Temperature 
Range 
Package 


LM108AH, 
H 
-55 
to 
+ 125'C 
Metal 
Can 
LM108AJ, 
J, AJ-8, 
J-8 
- 55 to 
+ 125'C 
Ceramic 
DIP 


LM208AH, 
H 
-25 
to 
+ 
85'C 
Metal 
Can 
LM208AJ, 
J, AJ-8, 
J-8 
-25 
to 
+85'C 
Ceramic 
DIP 
LM208AN, 
N 
-25 
to 
+85'C 
Plastic 
DIP 
LM208AD, 
D 
-25 
to 
+85'C 
50-8 


LM308AH, 
H 
o to 
+ 70'C 
Metal 
Can 
LM308AJ, 
J, AJ-8, 
J-8 
o to 
+ 70'C 
Ceramic 
DIP 
LM308AN, 
N 
o to 
+ 70'C 
Plastic 
DIP 
LM308AD, 
D 
o to 
+ 70'C 
50-8 


LM208, LM208A 
LM308, LM308A 


SUPER 
GAIN 
OPERATIONAL 
AMPLIFIERS 


H SUFFIX 
METAL 
PACKAGE 


CASE 
60'-04 


J SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 •••• 
,"~~~l'n[ 


NC'~J 


NC 


COMPEN A 
2 
13 
NC 


'GUARO 
3 
12 
COMPEN B 


4 
_ 
11 
VCC 
INPUTS 
5 
+. 
10 
OUTPUT 


'GUARD 
6 
9 
NC 


VEE 7 
8 
NC 


(Top 
View) 


N SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 
(LM208, 
LM208AI 
(LM308, 
LM308A 
Only) 


J-8 SUFFIX 
CERAMIC 
PACKAGE 
CASE 
693-02 


D SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
50-8 


CaMPEN 
A 


INPUTS 


vEE 8 


COM PEN 
1 
8 
B 
2 
- 
7 VCC 
3 
+ 
6 OUTPUT 
4 
5 NC 


(Top 
View) 


·Unused 
pin (no internal connection) to 
allow 
for 
input 
anti-leakage 
guard 
ring 
on printed 
circuit 
board 
layout. 


Value 


Rating 
Symbol 
lM108, 
lM108A 
I lM208. 
lM208A 
I lM308. 
lM308A 
Unit 


Power 
Supply 
Voltage 
VCC,VEE 
±20 
I 
±20 
I 
±18 
Vdc 


Input 
Voltage 
(See 
Note 
11 
VI 
• 
+15 
~ 
Volts 


Input 
Differential 
Current 
(See 
Note 
21 
110 
• 
+10 
~ 
mA 


Output 
Short-Circuit 
Duration 
ts 
• 
Indefinite 
~ 


Operating 
Ambient 
Temperature 
Range 
TA 
-55 
to 
+ 125 
I 
-25to 
+85 
I 
o to 
+70 
·C 


Storage 
Temperature 
Range 
Tsta 
• 
65 to 
+150 
~ 
·C 


Junction 
Temperature 
TJ 
·C 


Metal, 
Ceramic 
Package 
• 
+175 
~ 
Plastic 
Package 
• 
+150 
~ 


Note 1. For supply voltages less than ~ 15 V, the maximum 
input voltage is equal to the supply voltage. 


~ote 2. The inputs are shunted with back-ta-back diodes for over-voltage 
protection. 
Therefore, excessive current will flow if 8 differential 
input voltage 
in excess of 1.0 V is applied between the inputs unless some limiting 
resistance is used. 


ELECTRICAL 
CHARACTERISTICS 
(Unless 
otherwise 
noted 
these 
specifications 
apply 
for 
supply 
voltages 
of 
+ 5.0 V '" VCC '" 


+20 
V and 
-5.0 
V '" VEE '" 
-20 
V, TA 
= 
+25·C.) 


lM108A 
lM108 
lM208A 
lM208 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
VIO 
- 
0.3 
0.5 
- 
0.7 
2.0 
mV 


Input 
Offset 
Current 
110 
- 
0.05 
0.2 
- 
0.005 
0.2 
nA 


Input 
Bias Current 
liB 
- 
0.8 
2.0 
- 
0.8 
2.0 
nA 


Input 
Resistance 
r; 
30 
70 
- 
30 
70 
- 
Megohms 


Power 
Supply 
Currents 
ICC,IEE 
- 
±0.3 
±0.6 
- 
±0.3 
±0.6 
mA 


VCC = 
+20 
V, VEE 
~ 
-20 
V 


large 
Signal 
Voltage 
Gain 
AVOl 
80 
300 
- 
50 
300 
- 
V/mV 


VCC 
~ 
IVEEI = 
+ 15 V, Vo 
= 
±10 
V. 


Rl'" 
10 kn 


Input 
Offset 
Voltage 
VIO 
- 
- 
1.0 
- 
- 
3.0 
mV 


Input 
Offset 
Current 
110 
- 
- 
0.4 
- 
- 
0.4 
nA 


Average 
Temperature 
Coefficient 
of 
6V10/6T 
- 
1.0 
5.0 
- 
3.0 
15 
,..vrc 


Input 
Offset 
Voltage 
TA(min)",TA",TA(max) 


Average 
Temperature 
Coefficient 
of 
6110/6T 
- 
0.5 
2.5 
- 
0.5 
2.5 
pArC 
Input 
Offset 
Current 


Input 
Bias Current 
liB 
- 
- 
3.0 
- 
- 
3.0 
nA 


large 
Signal 
Voltage 
Gain 
AVOL 
40 
- 
- 
25 
- 
- 
V/mV 


VCC 
= IVEEI = 
+ 15 V, Vo = 
±10 
V, 
RL = 10 kn 


Input 
Voltage 
Range 
VIR 
±13.5 
- 
- 
±13.5 
- 
- 
V 


VCC = IVEEI = 
+15V 


Common-Mode 
Rejection 
Ratio 
CMRR 
96 
110 
- 
85 
100 
- 
dB 


Power 
Supply 
Voltage 
Rejection 
Ratio 
PSRR 
96 
100 
- 
80 
96 
- 
dB 


Output 
Voltage 
Range 
VOR 
±13 
±14 
- 
±13 
±14 
- 
V 


VCC = IVEEI = 
+15 
V, RL = 10 kn 


Supply 
Current 
(TA = TAlmaxll 
ICC,IEE 
- 
±0.15 
±0.4 
- 
±0.15 
±0.4 
mA 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted these specifications apply for supply voltages of + 5.0 V •• VCC '" 
+ 15 V and -5.0V" 
VEE" 
-15 V, TA ~ + 25"C.) 


LM308A 
LM308 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 
V,O 
- 
0.3 
0.5 
- 
2.0 
7.5 
mV 


Input Offset Current 
110 
- 
0.2 
1.0 
- 
0.2 
1.0 
nA 


Input Bias Current 
liB 
- 
1.5 
7.0 
- 
1.5 
7.0 
nA 


Input Resistance 
ri 
10 
40 
- 
10 
40 
- 
Megohms 


Power Supply Currents 
ICC,IEE 
- 
::0.3 
::0.8 
- 
::0.3 
::0.8 
mA 
VCC = +15V,VEE 
= -15 
V 


Large Signal Voltage Gain 
AVOL 
80 
300 
- 
25 
300 
- 
V/mV 
VCC ~ +15 V, VEE = -15 
V, Vo ~ ::10 V, 
RL" 
10 kfi 


Input Offset Voltage 
VIO 
- 
- 
0.73 
- 
- 
10 
mV 


Input Offset Current 
110 
- 
- 
1.5 
- 
- 
1.5 
nA 


Average 
Temperature 
Coefficient 
of 
dVIQldT 
- 
1.0 
5.0 
- 
6.0 
30 
••.vrc 
Input Offset Voltage 
TA(min) '" TA '" TA(max) 


Average Temperature Coefficient of 
dllO/dT 
- 
2.0 
10 
- 
2.0 
10 
pArC 
Input Offset Current 


Input Bias Current 
liB 
- 
- 
10 
- 
- 
10 
nA 


Large Signal Voltage Gain 
AVOL 
60 
- 
- 
15 
- 
- 
V/mV 
VCC+15V,VEE 
= -15V,VO 
= ::10 V, 
RL" 
10 kfi 


Input Voltage Range 
V'R 
:t14 
- 
- 
::14 
- 
- 
V 
VCC = +15V,VEE 
= -15V 


Common-Mode 
Rejection Ratio 
CMRR 
96 
110 
- 
80 
100 
- 
dB 
RS '" 50 kfi 


Supply Voltage Rejection Ratio 
PSRR 
96 
110 
- 
80 
96 
- 
dB 
RS '" 50 kfi 
Output Voltage Range 
VOR 
::13 
::14 
- 
::13 
::14 
- 
V 
VCC ~ +15V,VEE 
~ -15 
V, RL = 10 kfi 


REPRESENTATIVECIRCUIT SCHEMATIC 


COMPENSATION B 


FIGURE 
1 - 
INPUT BIAS AND INPUT OFFSET CURRENTS 
U 
U 


1.8 


1.6 


~ 
1.4 


~ 
1.2 
a 
1.0 


~ 
0.8 


~ 
0.6 


z 
~ 
0.4 


0.2 


o 
-60 
-40 
-20 


TA - O·C 


+25OC 
- 
550CI--- 
+ WC 
--- 


+ 125·CV 


CF ~ 0 
._ 


f = 100Hz 


~ 
z 
~ 
110 


- 
....•.. 
....•.. 
"- 
"" 
"'- 


I''',CF 
~ 3.0 pF 


~ 
"- 
..•.••, "'- 
..•.•• 


~ 
,CF 
,= 30pF 


CF = loop0 
\ 


<D 
::E+80 
z 
;;;: 
~+60 
:i! 
~+40 


~+20 
~ 


/' 


i=lM308 
~ 


_lMl08. 
lM208 


-lMJOaA 
" 


J...-rll II 


lM108A, lM208A 


T 


0.201 


>-- 
~ 


0.15 a 


>-- 


0.10 ~ 
>-- 
;;:z 


005 ~ 


-- 
--- 


.....- 


~ 


55·C - 
O·C 
--- 
+WC -- - 
+70"C 
-- 
+ 125·C 


I 
II 


I 
I J.I. 


VCC = +15V 
VEE = -15V 


\ 
\ 
TA = +25·C 


\ 
\ 
\ 
\ 


\ 
CF = 3.0pF 


f... 
II 


CF ~ 30 pF 


I II -- 


I-- 


<i~ 
tI 
16 


'"z 
;2 
12 


~ 
~ 
8.0 


>--::>~ 
::>o 
4.0 
'" 
§? 


II 


11)Power Bandwidth: 
250 kHz 
Small Signal 
Bandwidth: 
3.5 MHz 
Slew Rate: 10V/ ••s 


6 X 10-8 
(21 C5 
~ -R-1- 


(3)In additionto increasingspeed, 


the LM101A raises high and 
low frequency 
gain. 
increases 
output 
drive 
capability 
and 
eliminates thermal feedback. 


INPUT GUARDING 
Special care must be taken in the assembly of printed 
circuit 
boards to take full advantage of the low input 
currents of the LM108,A amplifier 
series. Boards must 
be thoroughly 
cleaned with alcohol and blown dry with 
compressed 
air. After cleaning, the boards should 
be 
coated 
with 
epoxy 
or silicone 
rubber 
to 
prevent 
contamination. 


Even with properly 
cleaned and coated boards, leak- 
age currents may cause trouble at + 125°C, particularly 
since the input 
pins are adjacent 
to pins that are at 
supply potentials. 
This leakage can be significantly 
re- 


duced by using guarding to lower the voltage difference 
between 
the 
inputs 
and 
adjacent 
metal 
runs. 
Input 
guarding 
of the 8-lead TO-99 type package is accom- 
plished by using a 10-lead pin circle, with the leads of 
the device formed 
so that the holes adjacent to the in- 
puts are empty when it is inserted in the boards. The 


FIGURE 
9 - 
SUGGESTED 
PRINTED 
CIRCUIT 
BOARD 
LAYOUT 
for INPUT 
GUARDING 
USING 
METAL 
PACKAGED 
DEVICE 


Compensation 
8 


VCC I 
, 
/ 
CompensationA 


Output '6 7 
8 
, 


guard, which 
is a conductive 
ring surrounding 
the in- 


puts, is connected to a low-impedance 
point that is at 
approximately 
the same voltage as the inputs. Leakage 
currents from 
high-voltage 
pins are then absorbed by 
the guard. 
The pin configuration 
of the dual in-line package is 
designed to facilitate 
guarding, 
since the pins adjacent 
to the inputs 
are not used (this is different 
from 
the 
standard MC1741 and LM101A pin configuration). 
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The abilityto 
operate from a single power supply of 5.0 to 30 volts 
or ±15 volt split supplies, as commonly used with operational ampli- 
fiers, makes the LMll1 
/LM211 
/LM311 
a truly versatile compara- 


tor. Moreover, the inputs of the device can be isolated from system 
ground while the output can drive loads referenced either toground, 
the VCC or the VEE supply. This flexibility 
makes it possible 10 drive 
DTL, RTL, TIL, or MOS logic. The output can also switch voltages 10 
50 volts at currents to 50 mA. Thus the LMlll 
/LM211 
/LM311 
can 
be used to drive relays, lamps or solenoids. 


LM111 
LM211 
LM311 


HIGH PERFORMANCE 
VOLTAGE 
COMPARATORS 


SILICON 
MON.OLlTHIC 
IN.TEGRA.TEO 
CIRCUIT 


H SUFFIX. 


METAL PACKAGE 
CASE6Q1-Q4 


III SUFFIX 
PLASTICPACKAGE 
CASE626-05 
·ILM311Only) 


J-8 SUFFIX 
CERAMICPACKAGE 
CASE693-02 


o SUFFIX 
PLASTICPACKAGE 
CASE751-02 
SO-8 
(LM21lILM311 Only) 
GndlE)8vcC 


I 
. 
2· 
7 Output 
nput$ 3· 
6 Balance/Strobe 


VEE 
4 
_ 
5 
Balance 


(Top View) 


Device 
Temperature 
Range 
Package 


LM'11H 
- 55°C to + 125°C 
Metal 
Can 
LM111J-8 
Ceramic 
DIP 


LM21'O 
50-8 
LM211H 
- 25°C to + 85°C 
Metal Can 
LM211J-8 
Ceramic 
DIP 


LM3110 
50-8 
LM311J-8 
QOCto +70"C 
Ceramic 
DIP 
LM311N 
Plastic 
DIP 


II 


II 


Value 


Symbol 
LMlll 
LM3; 
1 
Unit 
Rating 
LM211 


Total Supply Voltage 
Vee + IVEEI 
36 
36 
Vdc 


Output 
to Negative 
Supply Voltage 
Va - VEE 
50 
40 
Vdc 


Ground 
to Negative 
Supply Voltage 
VEE 
30 
30 
Vdc 


Input 
Differential 
Voltage 
VIO 
±30 
±30 
Vdc 


Input Voltage 
(Note 2) 
Vin 
±15 
±15 
Vdc 


Voltage 
at Strobe 
Pin 
- 
Vee to Vee-5 
Vee to Vee-5 
Vdc 


Power Dissipation 
and Thermal 
Characteristics 
Metal 
Package 
Po 
680 
mW 
Derate 
above TA ;::+25°C 
1/ /8JA 
5.5 
mW/oC 


Plastic and Ceramic 
Dual In·Line 
Packages 
Po 
625 
mW 
Derate above TA ;::+25°C 
1/8JA 
5.0 
mW/oC 


Operating 
Ambient 
Temperature 
Range 
TA 
°e 


-55 to +125 
- 
-25 to +85 
- 
- 
o to +70 


Operating Junction 
Temperature 
TJ(max) 
+150 
+150 
°e 


Storage Temperature 
Range 
Tstg 
-65 to +150 
-65 to +150 
°e 


LMlll 
LM311 
LM211 
Characteristic 
Symbol 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


Input Offset Voltage 
(Note 3) 
Via 
mV 
RS';;; 50 kfl. TA = +25°e 
- 
0.7 
3.0 
- 
20 
7.5 
RS';;; 50 kfl, Tlow';;; TA';;; Thigh' 
- 
- 
4.0 
- 
- 
10 


Input Offset 
Current 
(Note 3) TA ;::+25°C 
110 
- 
1.7 
10 
- 
1.7 
50 
nA 


Tlow 
~ TA ~ Thigh!! 
- 
- 
20 
- 
- 
70 


Input Bias Current, TA;:: +25°C 
118 
- 
45 
100 
- 
45 
250 
nA 
Tlow 
~ TA ~ Thigh!! 
- 
- 
150 
- 
- 
300 


Voltage 
Gain 
AV 
40 
200 
- 
40 
200 
- 
V/mV 


Response 
Time 
(Note 4) 
- 
200 
- 
- 
200 
- 
ns 


Saturation 
Voltage 
VOL 
V 


VIO';;; -5.0 
mY, 10 = 50 mA } T 
= +250e 
- 
0.75 
1.5 
- 
- 
- 
VIO ,;;;-10 
mY, 10 = 50 mA 
A 
- 
- 
- 
- 
0.75 
1.5 


Vee;;' 
4.5 V, VEE = 0, Tlow';;; TA';;; Thigh' 
VIO';;; -6.0 
mY, Isink';;; 8.0 mA 
- 
023 
0.4 
- 
- 
- 
VIO';;; -10 
mY, Isink';;; 8.0 mA 
- 
- 
- 
- 
023 
0.4 


Strobe 
"On" 
Current 
(Note 5) 
IS 
- 
3.0 
- 
- 
3.0 
- 
mA 


Output 
Leakage Current 


VID;;' 
5.0 mY, Va = 35 V} 
TA = +25°e 
- 
0.2 
10 
- 
- 
- 
nA 
VIO;;' 
10 mY, Va = 35 V 
1strobe = 3.0 mA 
- 
- 
- 
- 
0.2 
50 
nA 
VIO;;' 
5.0 mY, Va = 35 V, Tlow';;; TA';;; Thigh' 
- 
0.1 
0.5 
- 
- 
- 
~A 


Input Voltage 
Range (Tlow';;; TA';;; Thigh') 
VIR 
-14.5 
-14.7 
to 
13.0 
-14.5 
-14.7 
to 
13.0 
V 
13.8 
13.8 


Positive Supply Current 
Ice 
- 
+2.4 
+6.0 
- 
+2.4 
+7.5 
mA 


Negative 
Supply Current 
lEE 
- 
-1.3 
-50 
- 
-1.3 
-50 
mA 


NOTES: 


Tlow= -55°C 
for lM1 11 
Thigh 
= +125°C for lM1 11 


= -25°C 
for lM211 
= +85°C for lM21 1 


= DoC for lM31 1 
= +70°C for lM31 1 


1. Offset 
voltage, 
offset 
current 
and bias current 
specifications 
apply for 


a supply voltage 
range from a single 5.0 volt supply 
up to ± 15 volt supplies. 


2. This 
rating 
applies 
for ±15 
volt supplies. 
The positive 
input 
voltage 


limit 
is 30 volts 
above 
the negative 
supply. 
The negative 
input 
volt- 


age limit 
is equal tothe 
negative 
supply 
voltage 
or 30 volts below 
the 


positive 
supply, 
whichever 
is less. 


3. The 
offset 
voltages 
and 
offset 
currents 
given 
are 
the 
maximum 
values 
required 
to drive the output 
within 
a volt of either 
supply 
with 


a 1.0 mA load. Thus, these 
parameters 
define 
an error 
band and take 


into 
account 
the 
"worst 
case" 
effects 
of voltage 
gain 
and 
input 


impedance. 


4. 
The response 
time 
specified 
is for a 100 mV input 
step with 
5.0 mV 


overdrive. 


5. 
Do not short 
the strobe 
pin to ground; 
it should 
be current 
driven 
at 


3.0 to 5.0 
mA. 


Balance 
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6 
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FIGURE 10- OUTPUT 
SHORT 
CIRCUIT 
CURRENT 
CHARACTERISTICS 
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II 
When 
a high-speed 
comparator 
such as the LM 111 is used 
with 
high-speed 
input signals 
and low source 
impedances, 
the 
output 
response 
will 
normally 
be fast and stable, 
providing 
the 
power 
supplies 
have been bypassed 
(with 
0.1 J..IFdisc capacitors), 
and that the output 
signal 
is routed well 
away from the inputs 
(Pins 2 and 3) and also away from Pins 5 and 6. 
However, 
when 
the input 
signal 
is a voltage 
rar'l)p 
or a slow 
sine wave, or if the signal 
source 
impedance 
is high (1.0 kO to 
100 kOI. the comparator 
may burst 
into oscillation 
near the 
crossing-point. 
This is due to the high gain and wide bandwidth 
of comparators 
like the LM111 
series. To avoid oscillation 
or 
instability 
in 
such 
a usage. 
several 
precautions 
are 
recom· 
mended, 
as shown 
in Figure 15. 
The trim pins(Pins 
5 and 6) act as unwanted 
auxiliary 
inputs. If 
these pins are not connected 
to a trim-pot. 
they should be shorted 
together. 
If they are connected 
to a trim-pot, 
a 0.01 J.LFcapacitor 
(Cl) between 
Pins 5 and 6 will 
minimize 
the susceptibility 
to ac 
coupling. 
A smaller 
capacitor 
is used if Pin 5 is used for positive 
feedback 
as in Figure 15. 
Certain 
sources 
will 
produce 
a cleaner 
comparator 
output 
waveform 
if a 100 pF to 1000 
pF capacitor 
(C2) is connected 
directly 
across the input pins. When the signal source's 
applied 
through 
a resistive 
network, 
Rl, 
it is usually 
advantageous 
to 
choose 
R2 of the same value, 
both for de a nd for dynamic 
(ac) 
considerations. 
Carbon, tin-oxide, 
and metal·film 
resistors 
have 
all been used with good results in comparator 
input circuitry, 
but 
inductive 
wirewound 
resistors 
should 
be avoided. 
When 
comparator 
circuits 
use input resistors 
(e.g., summing 
resistors), 
their value and placement 
are particularly 
important. 


In all cases the body of the resistor 
should be close to the device 
or socket. In other words, there should be a very short lead length 
or printed-circuit 
foil 
run between 
comparator 
and resistor 
to 
radiate or pick up signals. 
The same applies to capacitors, 
pots, 
etc. For example. if R1 :: 10 kil. as little as 5 inches of lead between 
the resistors 
and the input pins can result in oscillations 
that are 
very hard to dampen. 
Twisting 
these input 
leads tightly 
is the 
best alternative 
to placing 
resistors 
close to the comparator. 


Since feedback 
to almost any pin of a comparator 
can result in 
oscillation, 
the 
printed-circuit 
layout 
should 
be 
engineered 
thoughtfully. 
Preferably 
there should be a groundplane 
under the 
LM 111 circuitry 
(e.g., one side of a double 
layer printed 
circuit 
board). 
Ground, 
positive 
supply 
or negative 
supply 
foil should 
extend between 
the output 
and the inputs, to act as a guard. The 
foil connections 
forthe 
inputs should be as small and compact as 
possible. and should 
be essentially 
surrounded 
by ground foil on 
all sides, to guard against capacitive 
coupling 
from any fast high· 
level signals(such 
as the outputl.lf 
Pins 5 and 6 are not used, they 
should 
be shorted 
together. 
If they are connected 
to a trim-pot. 


the trim-pot 
should 
be located no more than a few inches away 
from 
the LM 111, and a 0.01 
J.LF capacitor 
should 
be installed 
across Pins 5 and 6. If this capacitor 
cannot 
be used. a shielding 
printed-circuit 
foil may be advisable 
between 
Pins 6 and 7. The 
power 
supply 
bypass 
capacitors 
should 
be located 
within 
a 
couple 
inches of the LM 111. 
A standard 
procedure 
is to add hysteresis 
to a comparator 
to 
prevent 
oscillation. 
and to avoid excessive 
noise on the output. 
In the circuit 
of Figure 16, the feedback 
resistor 
of 510 kO from 
the 
output 
to the 
positive 
input 
will 
cause 
about 
3.0 
mV of 
hysteresis. 
However, 
if R2 is larger than 100 O. such as 50 kO, it 
would not be practical 
to simply increase the value of the positive 
feedback 
resistor 
proportionally 
above 510 kO to maintain 
the 
same amount 
of hysteresis. 
When both inputs of the LMl 11 are connected to active signals, 
or if a high-impedance 
signal is driving 
the positive 
input of the 
LM 111 so that positive feedback would be disruptive. 
the circuit 
of Figure 15 is ideal. The positive feedback is applied to Pin 5 (one 
of the offset adjustment 
pins). This will be sufficient 
to cause 1.0 
to 2.0 mV hysteresis 
and sharp transitions 
with 
input triangle 
waves from a few Hz to hundreds 
of kHz. The positive-feedback 
signal across the 82 0 resistor swings 240 mV below the positive 
supply. This signal is centered 
around the nominal 
voltage at Pin 
5, so this feedback does not add to the offset voltage of the com· 
parator. 
As much as 8.0 mVof offset voltage can be trimmed 
out, 


using the 5.0 kO pot and 3.0 kO resistor 
as shown. 


UJ 


"Zener Diode 01 
protects 
the comparator 
from inductive 
kickback 
and voltage 
transients 
on the VCC2 supply line. 
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Specifications 
and Applications 
Information 


The LM 124 Series are low-cost, 
quad operational 
amplifiers 
with 
true differential 
inputs. These have several distinct 
advan- 
tages over standard 
operational 
amplifier 
types in single supply 
applications. 
The quad amplifier 
can operate at supply voltages 
as low as 3.0 Volts or as high as 32 Volts with quiescent currents 
about one fifth 
of those associated with 
the MC1741 (on a per 
amplifier 
basis). The common 
mode input range includes the neg- 


ative supply, thereby eliminating 
the necessity for external biasing 
components 
in many applications. 
The output voltage range also 
includes the negative 
power supply voltage. 


• 
Short Circuited 
Protected Outputs 


• 
True Differential 
Input Stage 


• 
Single Supply Operation: 
3.0 to 32 Volts 


• 
Low Input Bias Currents: 
100 nA Max (LM324A) 


• 
Four Amplifiers 
Per Package 


• 
Internally 
Compensated 


• 
Common 
Mode Range Extends to Negative Supply 


• 
Industry 
Standard 
Pinouts 


lM124 
lM224 
Rating 
Symbol 
lM324,A 
lM2902 
Unit 


Power 
Supply 
Voltages 
Vdc 


Single 
Supply 
VCC 
32 
26 
Split 
Supplies 
VCC, VEE 
"'16 
:!: 13 


Input 
Differential 
Voltage 
Range 
(1) 
VIDR 
",32 
"'26 
Vdc 


Input 
Common 
Mode 
Voltage 
Range 
VICR 
-0.3 
to 32 
-0.3 
to 26 
Vdc 


Input 
Forward 
Current 
(2) 
IIF 
50 
- 
mA 
(VI < -0.3 
V) 


Output 
Short 
Circuit 
Duration 
ts 
Continuous 


Junction 
Temperature 
TJ 
'c 


Ceramic 
Package 
175 
Plastic 
Packages 
150 


Storage 
Temperature 
Range 
Tstg 
'c 
Ceramic 
Package 
-65 
to 
+ 150 
Plastic 
Packages 
-55 
to 
+ 125 


Operating 
Ambient 
Temperature 
TA 
'c 


Range 
lM124 
-55 
to 
+ 125 
- 


lM224 
-25 
to 
+S5 
- 


lM324 
o to 
+ 70 
- 
lM324A 
o to 
+70 
- 
lM2902 
- 
-40 
to 
+S5 


(1ISplit Power Supplies. 
(2)This input current will only exist when the voltage is negative at any of the input leads. 


Normal output states will reestablish when the input voltage returns to a voltage greater 
than -0.3 V. 


LM124, LM224, 
LM324, LM324A 
LM2902 


QUAD 
DIFFERENTIAL 
INPUT 
OPERATIONAL 
AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
- 


;.; 
- 
- 


14! • 


1 
••• 
N SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


(lM224, 
lM324, 


LM2902 
Only) 


~. 
DSUFFIX 
14.~· 
PLASTIC 
PACKAGE 


1 
CASE 
751A-02 


SO-14 


J SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-0S 


Out 
1 


In~uts 
{ 
2 


InP 
2 
uts { 
5 


Out 
2 


ORDERING 
INFORMATION 


Device 
Temperature 
Range 
Package 


LM124J 
-55 
to 
+ 125'C 
Ceramic 
DIP 


LM2902D 
SO-14 


LM2902J 
-40 
to 
+S5'C 
Ceramic 
DIP 


LM2902N 
Plastic 
DiP 


LM224D 
SO-14 


LM224J 
-25 
to 
+S5'C 
Ceramic 
DIP 


LM224N 
Plastic 
DIP 


LM324AD 
SO-14 


LM324AN 
Plastic 
DIP 


LM324D 
o to 
+70'C 
SO-14 


LM324J 
Ceramic 
DIP 


LM324N 
Plastic 
DIP 


- 
- 
. 


LM1241LM224 
LII1324A 
LM324 
LM2902 
~ 


Characteristic 
Symbol 
Min 
Ty? 
Ma. 
Min 
Ty? 
Ma. 
Min 
Ty? 
111•• 
Min 
Ty? 
M•• 
.. 


Input 
Offset 
Voltage 
Via 
•• 
Vee = 5.0 V to 30 Y (26 V for LM29021, 
II 
J 
VieR = OYtoYee 
-1.1V,Vo~ 
1.4V,RS 
= on 
J 
TA = 25"e 
- 
2.0 
5.0 
- 
2.0 
3.0 
- 
2.0 
7.0 
- 
2.0 
7.0 
.. 


TA = Thinh to Tlow (Note 11 
- 
- 
7.0 
- 
- 
5.0 - 
- 
9.0 - 
- 
10 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
6Vlo'6T 
- 
1.0 
- 
- 
7.0 
30 - 
1.0 - 
- 
7.0 
- 
~ 
TA = Thiah to 110w INote 11 
II 


Input 
Offset 
Current 
110 
- 
3.0 
30 
- 
5.0 
30 
- 
5.0 
50 
- 
5.0 
50 
) 


TA 
3 
1hinh to Tlow INote 11 
- 
- 
100 
- 
- 
75 
- 
- 
150 
- - 
200 
) 


Average 
Temperature 
Coefficient 
of Input 
Offsef 
Current 
Allo'AT 
- 
10 - - 
10 
300 - 
10 - 
- 
10 
- 
~ 
TA = Thioh to Tlow (Note 11 


Input 
Bias 
Current 
liB 
- 
-90 
-150 - 
-45 
-100 
- 
-90 
-250 
- 
-gO 
-250 
.. 


TA = Thinh to Tlow (Note I I 
- 
- 
-300 
- 
- 
-200 
- 
- 
-500 
- 
- 
-500 
~ 


Input 
Common-Mode 
Vortage 
Range 
(Note 
21 
VieR 
) 


Vee = 30 V 126V for LM29021 
0 
- 
28.3 
0 
- 
28.3 
0 
- 
28.3 
0 
- 
24.3 
) 


Vee • 
30 V 126V for LM29021, TA = Thioh to Trow 
0 
- 
28 
0 
- 
28 
0 
- 
28 
0 
- 
24 
~ 


Differential 
Input 
Voltage 
Range 
VloR 
- 
- 
Vee - 
- 
Vee 
- 
- 
Vee 
- - 
Vee 


Large 
Signal 
Open-Loop 
Voltage 
Gain 
AVOL 
~ 


RL = 2.0 kO, Vee 
= IS V, For Large Va Swing, 
50 
100 
- 
25 
100 
- 
25 
100 
- 
- 
100 
- 


TA 
::: Thinh 
to Tlow 
(Note 
11 
25 
- 
- 
15 
- 
- 
15 
- 
- 
- 
- 
- 


Channel 
Separation 
- 
- 
-120 
- 
- 
- 120 - - 
- 120 - 
- 
-120 
- 


1.0 kHz"" 
f "" 20 kHz. 
Input 
Referenced 


Common-Mode 
Rejection 
Ratio 
eMRR 
70 
85 
- 
65 
70 
- 
65 
70 
- 
50 
70 
- 


RS" 
10 kO 


Power 
Supply 
Rejection 
Ratio 
PSRR 
65 
100 
- 
65 
100 
- 
65 
100 
- 
50 
100 
- 


Output 
Voltage 
Range 
VoR 
0 
- 
3.3 
0 - 
3.3 
0 
- 
3.3 
0 
- 
3.3 
RL = 2.0 kO (RL ., 10 kO for LM29021 


Output 
Voltage 
- 
High 
limit 
(TA 
= Thigh 
to Tlow) 
(Note 
1) 
VOH 
Vee = 30 V (26 V for LM29021. RL = 2.0 kO 
26 
- 
- 
26 
- 
- 
26 
- 
- 
22 
- 
- 


Vee = 30 V 126V for LM29021. RL = 10 kO 
27 
28 
- 
27 
28 - 
27 
28 
- 
23 
24 
- 


Output 
Voltage 
- 
low 
limit 
VOL 
- 
5.0 
20 
- 
5.0 
20 
- 
5.0 
20 
- 
5.0 
100 
r 


Vee 
= 5.0 V, RL = 10 kO, TA = Thioh to Tlow (Note 11 


Output 
Source 
Current 
(VID 
••. + 1.0 V, VCC 
= 
15 Vl 
10+ 
r 


TA = 25"e 
20 
40 
- 
20 
40 
- 
20 
40 
- 
20 
40 
- 


TA = 
Thinh 
to Tlow 
(Note 
1) 
10 
20 
- 
10 
20 
- 
10 
20 
- 
10 
20 
- 


Output 
Sink 
Current 
lO- 
r 
(VID = -1.0 
V, Vee 
= IS V 
TA = 25"e 
10 
20 
- 
10 
20 
- 
10 
20 
- 
10 
20 
- 


TA = Thigh 
to Tlow 
(Note 
1) 
5.0 
8.0 
- 
5.0 
8.0 
- 
5.0 
8.0 - 
5.0 
8.0 
- 


Vio = - 1.0 V, Va 
= 200 mV, TA 
= 25"e 
12 
50 
- 
12 
50 
- 
12 
50 - 
- 
- 
- 
! 


Output 
Short 
Circuit 
to Ground 
(Note 
3) 
los 
- 
40 
60 
- 
40 
60 
- 
40 
60 
- 
40 
60 
n 


Power 
Supply 
Current 
ITA 
"" Thigh 
to Tlow) 
(Note 
1) 
Ice 
n 
Vee 
= 30 V (26 V for LM29021. Va 
= 0 V, RL = x 
- - 
3.0 
- 
1.4 
3.0 
- 
- 
3.0 
- 
- 
3.0 
Vee = 5.0 V, Va = 0 V, RL = 
00 
- 
- 
1.2 
- 
0.7 
1.2 
- 
- 
1.2 
- 
- 
1.2 


Bias Circuitry 


Common 
to Four 


Amplifiers 


of 
each 
consists 
of 
differential 
input 
devices 
020 
and 


018 
with 
input 
buffer 
transistors 
021 
and 
017 
and 


the 
differential 
to 
single 
ended 
converter 
03 
and 
04. 


The 
first 
stage 
performs 
not 
only 
the 
first 
stage 
gain 


function 
but 
also 
performs 
~he level 
shifti~g 
and 
~rans- 


conductance 
reduction 
functions. 
By 
reducing 
the fans- 
conductance 
a smaller 
compensation 
capacitor 
(only 
pF) 


can 
be 
employed, 
thus 
saving 
chip 
area. 
The 
tran 
con· 


ductance 
reduction 
is accomplished 
by 
splitting 
.th 
col· 


lectors 
of 
020 
and 
018. 
Another 
feature 
of 
thIS 
Input 


stage 
is that 
the 
input 
common-mode 
range 
can 
in 
lude 


the 
negative 
supply 
or 
ground, 
in single 
supply 
oper 
tion, 


without 
saturating 
either 
the 
input 
devices 
or 
th 
dif 


ferential 
to 
single-ended 
converter. 
The 
second 
stage con· 


sists 
of 
a 
standard 
current 
source 
load 
amplifier 
tage. 


Each 
amplifier 
is biased 
from 
an 
internal-voltage 
regu- 


lator 
which 
has a low 
temperature 
coefficient 
thus 
iving 


each 
amplifier 
good 
temperature 
characteristics 
as 
ell as 


excellent 
power 
supply 
rejection. 


I 
I 
VCC=15Vdc 
RL=2kn 
- 


T A 
= 25°C 


/ 


........ 
\ 
\ 
/ 


CIRCUIT 
DESCRIPTION 


The 
LM124 
Series 
is made 
using 
four 
internally 
com- 


pensated, 
two-stage 
operational 
amplifiers. 
The 
first 
stage 
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These 
comparators 
are 
designed 
for 
use 
in level 
detection, 
low- 


level sensing and memory applications 
in Consumer Automotive 
and Industrial electronic applications. 


• 
Single 
or Split 
Supply 
Operation 


• 
Low 
Input 
Bias 
Current 
- 
25 
nA (Typ) 


• 
Low 
Input 
Offset 
Current 
- 
±5.0 
nA (Typ) 


• 
Low 
Input 
Offset 
Voltage 
- 
±1.0 
mV (Typ 
LM139A 
Series) 


• 
Input 
Common-Mode 
Voltage 
Range 
to Gnd 


• 
Low 
Output 
Saturation 
Voltage - 
130 
mV (Typ) 
@ 4.0 
mA 


• 
TTL and 
CMOS 
Compatible 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
LM139. 
A/LM239, 
AI 
VCC 
+36or±18 
Vdc 


LM339A/LM2901 


MC3302 
+30 or ±15 


Input Differential 
Voltage Range 
VIDR 
Vdc 


LM139. 
A/LM239. 
A/LM339, 
A/LM2901 
36 
MC3302 
30 


Input Common Mode Voltage Range 
VICR 
-0.3 
to VCC 
Vdc 


Output Short-Circuit 
to Gnd (Note 1) 
ISC 
Continuous 


Input CurrentlVin 
< -0.3 
VdcllNote 
2) 
lin 
50 
mA 


Power Dissipation 
@ TA = 25°C 
PD 


Ceramic 
Package 
1.0 
Watts 


Derate 
above 25°C 
8.0 
mW/oC 


Plastic 
Package 
1.0 
Watts 


Derate 
above 25°C 
80 
mW/oC 


Operating Ambient Temperature 
Range 
TA 
LMI39.A 
-55 
to 
+ 125 
°C 
LM239. 
A 
-25 
to 
+85 


LM2901/MC3302 
-40 
to 
+85 


LM339, 
A 
o to 
+ 70 


Storage Temperature 
Range 
Tst 
-65 
to +150 
°c 


[M139,A 
LM239, A 
LM29:1 
LM339,A 
Me33 
2 


I 


QUAD 
COMPARATORS 


SILICON 
MONOLITHIC 


I 


INTEGRATED 
CIRCUIT 
- 


1 


J, L SUFFIX 


CERAMIC 
PACKAGE 
CASE 632-08 
,.# 


D SUFFIX 
PLASTIC 
PACKAGE 


CASE 751A-02 


SO-14 


PIN CONNECTIONS 


Output 
Out 
ut 


Output 
Out 
ut 


Gn 


Input 
Inpl 
t 


1- 
.. 


Input 
Ino , 


'+ 
• 


Input 
Ino , 


2- 
3 


Input 
InO , 


2+ 
3 


ITop View) 


ORDERING INFORMATION 


Temperature 


Range 


- 55"C to + 125"C 


Peck 
ge 


Cerami 
DIP 
LM139J, AJ 


LM239D. AD 
LM239J. AJ 
LM239N, AN 


LM339D, AD 
LM339J. AJ 
LM339N, AN 


LM2901D 
LM2901N 
MC3302L 
MC3302P 


50- 4 


Cerami 
DIP 


Plastic 
DIP 


SO- 4 


Cerami 
DIP 


Plastic 
DIP 


SO- 4 


Plastic 
DIP 


Cerami 
DIP 


Plastic 
DIP 


Characteristic 
Symbol 
lM139A 
lM239A/339A 
lM139 
lM239/339 
lM2901 
MC3302 
Unit 
Min 
TVO 
M •• 
Min 
TVO 
M •• 
Min 
TVO 
M •• 
Min 
TVO 
M •• 
Min 
TVO 
M •• 
Min 
TVO 
Max 


Input Offset Voltage (Natto 41 
V'O 
- 
:t10 
±20 
- 
±10 
:!20 
- 
+20 
+50 
- 
±20 
±50 - 
±20 
±7.0 
- 
±3 a 
±20 
mVdc 
- 


25 
250 
25 
500 
nA 
Input Bias Current (Notes 4, 5) 
"B 
- 
25 
100 
- 
25 
250 
- 
25 
100 
25 
250 


(Output In Linear Rangel 


Input Offset Current (Note 4) 
"0 
- 
±3.0 
±25 
- 
±50 
±50 
- 
'30 
+25 
- 
±5.0 
±50 
- 
±50 
±50 
- 
±3.0 
±100 
nA 


Input Common-Mode 
Voltage Range (Note 7) 
VICR 
0 
- 
Vee 
0 
- 
Vee 
0 
Vee 
0 
- 
Vee 
0 
- 
Vee 
0 
- 
Vee 
V 
-15 
-'5 
-1.5 
-, 
5 
-1.5 
-1.5 


Supply Current 
'ee 
RL = 00 (For All Comparatorsl 
- 
DB 
20 
- 
DB 
20 
- 
DB 
20 
- 
DB 
20 
- 
DB 
20 
- 
DB 
2.0 
mA 


Al = 00, VCC = 30 Vdc 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
10 
25 
- 
- 
- 


Voltage Gain 
AV 
50 
200 
- 
50 
200 
- 
- 
200 
- 
- 
200 
- 
25 
100 
- 
2 
30 
V/mV 


AL;;a. 15 kU. VCC = 15 Vdc 


large 
Signal Response Time 
- 
- 
300 
- 
- 
300 
- 
- 
300 
- 
- 
300 
- 
- 
300 
300 
n, 


VI = TIl 
Logic SWing. 


Vref = 1,4 Vdc. VAL = 5.0 Vdc. 
RL = 5 1 kfl 


Response Time (Note 6) 
- 
- 
, 3 
- 
- 
, 3 
- 
- 
13 
- 
- 
13 
- - 
13 
- 
13 
", 


VRL = 50 
Vdc, RL = 5.1 kll 


Output SInk Current 
Islnk 
6.0 
16 
- 
6.0 
16 
- 
6.0 
'6 
60 
16 
60 
16 
60 
16 
mA 
VjH;;;' 
+1 OVdc, Vj(+)=O, VO'" 
1 5 Vdc 


Saturation 
Voltage 
Vsat 
- 
130 
400 
- 
130 
400 
- 
130 
400 
- 
130 
400 
- 
130 
400 
- 
'30 
500 
mV 
Vj!-l;;a. +1.0 Vdc, VI(+1= O. Isink" 
4 0 mA 


Output Leakage Current 
'OL 
- 
01 
- 
- 
0.1 
- 
- 
01 
- 
- 
0.' 
- 
- 
01 
01 
nA 
VI(+);;a.+1 0 Vdc, VI(-) = 0, Vo = ·50 
Vdc 
cc _. 
o. 
A 
low 
10 
hIgh 
0," 


Characteristic 
Symbol 
lM139A 
lM239A/339A 
LM139 
lM239/339 
lM2901 
MC3302 
Unit 
Min 
TVO 
M •• 
Min 
TVO 
M •• 
Min 
TVO 
Max 
Min 
TVO 
Max 
Min 
TVO 
Max 
Min 
TVO 
M •• 


Input Offset Voltage (Note 4) 
V'O 
- 
- 
·40 
- 
- 
+40 
- 
- 
±90 
- 
- 
'90 
- 
±15 
- 
±40 
mVdc 
.- 


500 
1000 
nA 
Input Bias Current (Notes 4, 5) 
"B 
- 
- 
300 
- 
- 
400 
- 
- 
300 
- 
- 
400 
- 
- 
- 
- 


(Output 
In Lmeat Range) 


Input Offset Current (Note 4) 
"0 
- 
- 
!:1oo 
- 
- 
+150 
- 
- 
:-100 
- 
- 
±150 
- 
±200 
- 
±300 
nA 


Input Common-Mode 
Voltage Range 
V,CR 
0 
- 
Vee 
0 
- 
Vee 
0 
- 
Vee 
0 
- 
Vee 
0 
- 
Vee 
0 
- 
Vee 
V 


-20 
-20 
-20 
-20 
-20 
-20 


Saturation 
Vollage 
Vsat 
- 
- 
700 
- 
- 
700 
- 
- 
700 
- 
- 
700 
- 
700 
- 
700 
mV 


VIH;;': 
., 
a Vdc. VI(+):: O. Islnk " 
40 
mA 


Output leakage 
Current 
'OL 
- 
- 
, 0 
- 
- 
10 
- 
, 0 
- 
, 0 
1.0 
'0 
"A 


VI(t);;':.1 
0 Vdc. VI{-) = 0, Vo = 30 Vdc 


Differentl811nput 
Voltage 
VIQ 
- 
- 
Vee 
- 
- 
Vee 
- 
- 
Vee 
- 
- 
Vee 
- 
- 
Vee 
- 
- 
Vee 
Vdo 


All VI ;;;.0 Vdc INote 7) 


NOTES: 


1 
The mal(imum 
output 
current 
maybe 
as high 
as 20 mA 
independent 
of the magnitude 
of Vee. 
Output 
short 
cirCUits 
to Vee 
can cause 
excessive 
heating 
and eventual 
destruction. 


2. 
This 
magnitude 
of Input 
current 
wilt 
only 
occur 
if the leads are driven 
more 
negative 
than 
ground 
or the negative 
supply 
voltage. 
This isdue 
to the input 
PNPcollector- 
base Junction 
becoming 
forward 
biased, 
acting 
as an input 
clamp 
diode. 
There 
is also 
a lateral 
PNP parasitiC 
transistor 
actIon 
which 
can cause 
the output 
voltage 
of 
the comparators 
to go to the Vee 
voltage 
level (or ground 
if overdnve 
IS largelduring 
the time 
that an input 
is driven 
negative. 
Thiswill 
not destroy 
the device 
when 
limIted 
to the 
max 
rating 
and 
normal 
output 
states 
Will recover 
when 
the 
Inputs 
become 
;;l!!ground 
or negative 
supply. 


3. 
LM139/139A 
- 
Tlow 
= -55°C, 
Thigh 
= +125°C 
LM339/339A 
- 
Tlow 
= ooe, 
Thiah 
= +700e 
3. 
LM239/239A 
- 
Tlow 
= -25°C, 
Thigh 
= +85°C 
lM2901 
/Me3302 
- 
Tlow 
= -40~e, 
Thigh 
= +85°e 


4. 
At the 
output 
switch 
point, 
Vo 
=: 1.4 Vdc, RS c; 100 n, 
5.0 Vdc " 
Vee 
" 
30 Vdc, 
with 
the 
inputs 
over 
the 
full 
common-mode 
range 
(0 Vdc to Vee 
- 1.5 Vdc). 


5. The 
bias 
current 
flows 
out 
of the 
inputs 
due 
to the 
PNP input 
stage. 
This 
current 
is virtually 
constant, 
independent 
of the 
output 
state. 


6. 
The response 
time 
specified 
is for a 100 
mV input 
step 
with 
5.0 
mV overdrive. 
For larger 
SIgnals, 
300 
ns is typicaL 


7. 
POSitive excursions 
of inpul 
voltage 
may el(ceed 
the power 
supply 
level. 
As long 
asone 
of the Inputs 
remain 
within 
the common-mode 
range, 
the comparator 
will 
pro- 
Vide the 
proper 
output 
state, 


R3 
10k 
10 k 
V,N 


Rref 
Va 
+vcc 


Vref~ 
VeeR1 
Rref 
.•. Rl 


R3.;:::.A' 
/I 
Rref/ /R2 


R 111 Rref 
( 


Rli//Rref 
.•. R2 
VOmal( 
-VOm1nl 


R2» 
Rref//Rt 


FIGURE 3 - 
NON-INVERTING 
COMPARATOR 
WITIi 
HYSTERESIS 


...vcc 


TYPICAL 
CHARACTER 
ISTICS 


(VCC = +15 Vdc, T A = +250C (each comparator) 
unless otherwise 
noted.1 


/ 


/"" ./ 


./ 
/ 


./ 


.-/ 
~ 


'" 
1.20 
«~ 
> 


~ 1.00 


co 
" 
<i. 
~ 


0.80 


0.60 


48 


42 
1 36 
TA = -55°C 
~ 
TA:; +25°C 
z 
30 
~~ 
=> 
u 
24 
TA=+125°C 
~ 
«a; 
18 
~ 
=>~ 
z 
12 
~ 
6.0 


0 
0 
4.0 
8.0 
12 
16 
20 
24 
28 
32 


VCC IVdcl 


VCC 
RL 


LOGIC 
DEVICE 
Volts 
kl! 


CMOS 
1/4 
MC14QQl 
"5 
100 


TTL 
, /4 MC74QO 
'5 
10 


These 
quad 
comparators 
feature 
high 
gain, 
wide 
bandwidth 
characteristics. 
This gives the device oscil- 
lation tendencies if the outputs are capacitively coupled 
to the inputs via stray capacitance. This oscillation 
man- 
ifests itself during output transistions 
(Val 
to VOH). To 
alleviate 
this situation 
input 
resistors < 10 kO should 
be used. The addition of positive feedback «10 
mV) is 


also recommended. 


It is good design practice to ground all unused input 


pins. 


Differential 
input voltages may be larger than supply 


voltages 
without 
damaging 
the comparator's 
inputs. 


Voltages more negative than 
- 300 mV should not be 


used. 


Vo 


VCCffil 
V 
I 
H 
o 
I- 
~(,) 


vee 
I 


® MOTOROLA 


Specifications 
and Applications 
Information 


(QUAD 
MC1741) 
OPERATIONAL 
AMPLIFIERS 


The LM148 series is a true quad MC1741. Integrated on a single 


monolithic 
chip 
are 
four 
independent, 
low 
power 
operational 


amplifiers 
which 
have 
been 
designed 
to 
provide 
operating 
charac- 
teristics 
identical 
to those of the industry 
standard MC1741, and 


can 
be 
applied 
with 
no change 
in circuit 
performance. 
In addition, 


the total 
supply current 
for 
all four 
amplifiers 
is comparable to 
the supply current of a single MC1741. Other features include input 


offset 
currents 
and 
input 
bias 
currents 
which 
are 
much 
less than 
the MC1741 industry standard. 
The LM148 can be used in applications where amplifier matching 
or high packing density is important. Other applications include high 
impedance buffer amplifiers and active filter amplifiers. 


• 
Each Amplifier 
is Functionally 
Equivalent to the MC1741 


• 
Low Input Offset and Input Bias Currents 


• 
ClassAB Output Stage Eliminates Crossover Distortion 


• 
Pin Compatible with MC3503 and LM124 


• 
True Differential 
Inputs 


• 
Internally Frequency Compensated 


• 
Short Circut Protection 


• 
Low Power Supply Current (0.6 mA/Amplifier) 


LM148 
LM248 
LM348 


(QUAD 
MC1741) 
DIFFERENTIAL 
INPUT 
OPERATIONAL 
AMPLIFIE 
S 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


N SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


1.#· 


1 


PIN CONNECTIONS 


Out 
1 


Inputs 
1 


VCC 


Inputs 
2 


Out 
2 


(Top View) 


ORDERING 
INFORMATION 


Device 
Temperatufe 
Range 
Package 


LM148J 
-55to 
+ 125'C 
cer~miC DIP 
LM248J 
-25 
to +85"C 
Car mic DIP 
LM248N 
-25 
to +85°C 
PIa tic DIP 
LM348D 
o to + lOGe 
SO-14 
LM348J 
o to + lOoe 
Car mic DIP 
LM348N 
o to + 70"C 
Pia tic DIP 


II 


Rating 
Symbol 
LM148 
LM248/LM348 
Unit 


Power 
Supply 
Voltage 
VCC 
+22 
+18 
Vdc 


VEE 
-22 
-18 
Vdc 


Input 
Differential 
Voltage 
VID 
=':44 
=':36 
Volts 


Input 
Common 
Mode 
Voltage 
VICM 
=':22 
=':18 
Volts 


Output 
Short 
Circuit 
Duration 
ts 
Continuous 


Operating 
Ambient 
Temperature 
Range 
TA 
-55 
to 
+1251 
-25 
to 
+851 
o to 
+ 70 
·C 


Storage 
Temperature 
Range 
Tstg 
·C 
Ceramic 
Package 
-65 
to 
+ 150 
Plastic Package 
-55 
to 
+ 125 


Junction 
Temperature 
TJ 
·C 
Ceramic 
Package 
175 


Plastic Package 
150 


LM148 
LM248/348 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 
Via 
- 
1.0 
5.0 
- 
1.0 
6.0 
mV 


IRs <; 10 kl 


Input Offset Current 
110 
- 
4.0 
25 
- 
4.0 
50 
nA 


Input Bias Current 
liB 
- 
30 
100 
- 
30 
200 
nA 


Input Resistance 
'j 
0.8 
2.5 
- 
0.8 
2.5 
- 
Mn 


Common 
Mode Input Voltage Range 
VICR 
±12 
- 
- 
±12 
- 
- 
V 


Large Signal Voltage Gain 
Av 
50 
160 
- 
25 
160 
V/mV 


(RL;;' 
2.0k. 
Va· 
±10V) 


Channel Separation 
- 
- 
-120 
- 
- 
-120 
- 
dB 
(t. 1.0 Hz to 20 kHzl 


Common 
Mode Rejection 
Ratio 
CMRR 
70 
90 
- 
70 
90 
- 
dB 


IRS" 
10 kl 


Supply Voltage 
Rejection 
Ratio 
PSRR 
77 
96 
- 
77 
96 
- 
dB 
IRS <; 10 kl 


Output 
Voltage Swing 
Va 
V 
IRL;;' 
10 k) 
±12 
±13 
- 
±12 
±13 
- 
IRL;;' 
2 k) 
± 10 
±12 
- 
± 10 
± 12 
- 


Output Short-Circuit Current 
los 
- 
25 
- 
- 
25 
- 
mA 


Supply Current 
- 
(All Amplifiers) 
10 
- 
2.4 
3.6 
- 
2.4 
4.5 
mA 


Small Signal Bandwidth 
IAv = ,) 
BW 
- 
1.0 
- 
- 
1.0 
- 
MHz 


Phase Margin IAv = 1) 
<pm 
- 
60 
- 
- 
60 
- 
degree! 


Slew Rate (Av :::11 
SR 
- 
0.5 
- 
- 
0.5 
- 
V/"s 


Input Offset Voltage 
Via 
- 
- 
6.0 
7.5 
mV 


IRs <; 10 knl 


Input 
Offset 
Current 
110 
nA 
LM148 
- 
- 
75 
- 
- 
- 


LM248 
- 
- 
- 
- 
- 
125 
LM348 
- 
- 
- 
- 
- 
100 


Input 
Bias Current 
liB 
nA 


LM148 
- 
- 
325 
- 
- 
- 


LM248 
- 
- 
- 
- 
- 
500 
LM348 
- 
- 
- 
- 
- 
400 


Common 
Mode Input Voltage Range 
VICR 
± 12 
- 
- 
± 12 
- 
- 
V 


Large Signal Voltage Gain 
Av 
25 
- 
- 
15 
- 
- 
V/mV 
(RL;;'2k,VO·±10VI 


Common 
Mode Rejection 
Ratio 
CMRR 
70 
90 
70 
90 
- 
dB 
(RS <; 10 k) 


Supply Voltage 
Rejection 
Ratio 
PSRR 
77 
96 
- 
77 
96 
- 
dB 
{RS <; 10 kl 


Output 
Voltage Swing 
Va 
V 
(RL ;;.10 
kl 
± 12 
±13 
- 
, 12 
±13 
- 
(RL;;' 
2 k) 
± 10 
±12 
- 
± 10 
±12 
- 


·Thigh:O 
12Soe 
for 
LM148, 
85°C 
for LM248, 
and lOoe 
for 
LM348. 
Tlow 
= _55°C 
for 
LM148, 
-2Soe 
for 
LM248, 
and oOe for 
LM348. 


NOTE: 
Any 
of 
the 
amplifier 
outputs 
can be shorted 
to ground 
indefinitely; 
however, 
more 
than 
one should 
not 
be simultaneouslv 
shorted 


or the maximum 
junction 
temperature 
will be exceeded. 


TYPICAL 
CHARACTERISTICS 


fVcc 
= +15 Vdc. VEE 
= -15 
Vdc, T A 
= +2SoC unless otherwise 
notedl. 


1 
24 
~ 10 
w 
'" 
\ 
'"~ 16 
0 
\ 
> 
•...~ 11 
~ 
0 
(VOLTAGE 
FOLLOWER) 
0 8.0 f--- 10 
\ 
> 


4.0 


a 
10 
100 
1.0 k 
10 k 
100 k 
f. FREQUENCY (Hz) 


15 


14 
13 


~ 
12 
~ 
11 


~ 
10 


~ 
9.0 


~ 
8.0 
5 
7.0 


~ 
6.0 
o 
5.0 


~ 
4.0 


3.0 


1.0 


'15 
V SUPPLIES 


I 


<6V 


I 


I 
I 
5.0 k 7.0 k 
100 
500 
700 1.0 k 
1.0 k 


RL. LOAD RESISTANCE (OHMS) 


~ 
+80 
z 
;;: 
~ 
+60 
'"" 
~ 
+40 
> 


~ +20 
" 


-15 
-14 
-13 
-11 


>6. 
-11 


~ 
-10 
'" 
~ 
-9.0 
;5 -8.0 


~ 
-7.0 
~ 
-6.0 
•...5 -5.0 
0-4.0 


:> 
-3.0 
-10.P' 


-1.0 
100 


I 
I II 


I 


'15 
V SUPPLIES 


I 
I 


'111 V 


<BV 
I 


I 
500 700 1.0 k 
1.0 k 
5.0 k 7.0 


Rl, LOAD RESISTANCE (OHMS) 


~~ +30 V SupplV 
~ 24- 
+27 V 
~ 
22 
~ 
20 
+24 V 


~ 18-+21V 


~ 
16 


~ 
14 
o> 
11 
~ 
to 
+15 V 
~ 8.0-- 
+12V 


66.0 


:> 
4.0 
1.0- 
+6.0 V 
o 
+5.0 V 
a 
1.0 
1.0 


II 


f'\ 
I 


OUTPUT 


ii, 
\ 
'\ 


'~PUT 


- 
~ 


.-/ 


/' 
/' 


/ 


~ 
95 
z 


~ 
90 


'" 
; 
85 
o> 
~ 
80 


Vo 


10 k 
Vref 
Vo 


1 


10= 
211' RC 


Vref;: 
~ 
VCC 
-=- 
Fo, 
fo 
= 1 kHz 


R 
C 
A = 16 kn 


R 
C 
C = 0.01 
IJ.F 


Hyster.sis 
"11}- 


VOL 
VinL: 
VinH 


Vref 


Rl 


VinL 
= Rl 
+ R2 (VOL 
- 
Vref) 
+ Vref 


VinH"" 
Rl :'R2 
(VOH 
- 
Vref) 
+ Vref 


H ""Rl:'R2 
(VOH - VOL) 


A = 160kn 


c 
= 0.001 ~F 


A1 
= 
1.6 Mn 


A2 = 1.6 Mn 


A3 
= 1.6 Mn 


, 


Vref 
3' 2" VCC 


Vref 


Af 


f=~ 
if 
A3"'~~ 
4CAfA1 
A2+R1 


Al 
= QA 


Al 
R2=- 


TBP 


A3 
= TN 
A2 


C1 '" 10 C 


fa = 1 kHz 


Q:IE: 
10 


Tap"" 
1 


TN:IE: 1 
Cl 


~ 
Notch Output 


II 
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@ MOTOROLA 


Specifications 
and Applications 
Information 


Utilizing 
the 
circuit 
designs 
perfected 
for 
recently 
introduced 


Quad 
Operational 
Amplifiers, 
these 
dual 
operational 
amplifiers 


feature 
1) 
low 
power 
drain, 
2) 
a common 
mode 
input 
voltage 
range 


extending 
to groundlVEE. 
31 Single 
Supply 
or Split 
Supply 
operation 


and 41 pin 
outs 
compatible 
with 
the 
popular 
MC1558 
dual 
operational 


amplifier. 
The 
LM158 
Series 
is equivalent 
to 
one-half 
of 
an 
LM124. 


These 
amplifiers 
have 
several 
distinct 
advantages 
over 
standard 


operational 
amplifier 
types 
in single 
supply 
applications. 
They 
can 


operate 
at supply 
voltages 
as low 
as 3.0 
Volts 
or as high 
as 32 
Volts 


with 
quiescent 
currents 
about 
one-fifth 
of 
those 
associated 
with 
the 


MC1741 
(on 
a per 
amplifier 
basisl. 
The 
common 
mode 
input 
range 


mcludes 
the 
negative 
supply. 
thereby 
eliminating 
the 
necessity 
for 


ex ternal 
biasing components 
in many 
applications. 
The 
output 
voltage 


range also includes 
the 
negative 
power 
supply 
voltage. 


• 
Short 
Circuit 
Protected 
Outputs 


• 
True 
Differential 
I nput 
Stage 


• 
Single 
Supply 
Operation: 
3.0 
to 
32 
Volts 


• 
Low 
Input 
Bias Currents 


• 
Internally 
Compensated 


• 
Common 
Mode 
Range 
Extends 
to 
Negative 
Supply 


• 
Single 
and 
Split 
Supply 
Operation 


• 
Similar 
Performance 
to 
the 
Popular 
MC1558 


MAXIMUM 
RATINGS 
ITA 
= +250C 
unless otherwise 
noted) 


LM158 
LM258 
Rating 
Symbol 
LM358 
LM2904 
Unit 


Power 
Supply 
Voltages 
Vdc 


Single 
Supply 
VCC 
32 
26 


Split 
Supplies 
VCC.VEE 
'16 
. 13 


Input 
Differential 
Voltage 
Range 
(1) 
VIDR 
,32 
,26 
Vdc 


Input 
Common 
Mode 
Voltage 
Range 
(2) 
VICR 
-0.3 
to 32 
-0.3 
to 26 
Vdc 


Input 
Forward 
Currf?nt 
131 
IIF 
50 
- 
mA 
IVI'_ 
-0.3 
V) 


Output 
Short 
Circuit 
Duration 
ts 
Continuous 


Junction 
Temperature 
TJ 
°c 


Ceramic 
and 
Metal 
Packages 
175 


Plastic 
Package 
150 


Storage 
Temperature 
Range 
Tstg 
°c 
Ceramic 
and 
Metal 
Packages 
-65 
to +150 


Plastic 
Package 
-55 
to +125 


Operating 
Ambient 
Temperature 
Range 
TA 
DC 


LM158 
-55 
to + 125 
- 


LM258 
-25 
to +85 
- 
LM358 
o to +70 
- 
LM2904 
- 
-40 to +85 


(1) Split 
Power 
SuplJlies 
(2) For 
SUP>Jly 
Voltages 
less than 
32 V for 
the 
LM1S8/258/358 
and 
26 V for 
the 
LM2904, 


the 
absolute 
n13xllnum 
input 
voltage 
IS equal 
to 
the 
supply 
voltage. 


(31 
This 
input 
current 
wilt 
only 
exist 
when 
the 
VOltage 
is negative 
at any 
of the 
Input 
leads. 
Normal 
0L!tPlJt 
states 
wilt 
reestablish 
when 
the 
input 
VOltage 
returns 
to a voltage 
greater 
than 
- 0.3 V 


LM158, LM258 
LM358, LM290 


DUAL 
DIFFERENTIAL 
INPUT 
OPERATIONAL 
AMPLIFIE 
S 


H SUFFI 
METAL 
PACKAGE 
CASE 
60104 


J SUFFIX 
CERAMIC 
PACKAGE 
CASE 
693-02 


~ 


- 


N SUFFIX 


8 
PLASTIC 
PACKAGE 


1 
CASE 626-05 


D SUFFIX 
PLASTIC 
PACKAGE 


CASE 
751-02 
50-8 


llnputs 


(To 
View) 


ORDERING 
INFORMATION 
Temperatur. 
Range 
Pac age 


Met 
1 Can 
LM158H 


LMl58J 
LM2904D 
LM2904H 
LM2904J 
LM2904N 
LM258D 
LM258H 
LM258J 
LM258N 
LM358D 
LM358H 
LM358J 
lM358N 


Cera 
ic DIP 
S -8 


Met 
I Can 


Cera 
ic DIP 


Plast c DIP 
S 
-8 


Metal 
Can 


Cera 
ic DIP 


Plast c DIP 
S -8 
Meta 
Can 


Cera 
ic DIP 


Plast 
c DIP 


II 


LM158/LM258 
LM358 
LM2904 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
V,O 
mV 
Vee = 5.0 V to 30 V 126 V 1m LM29041. 
Vie 
=OV 
toVee-1.7 
V. VO" 
1.4V. 
RS=O f! 


TA = 25°C 
- 
2.0 
5.0 
- 
2.0 
7.0 
- 
2.0 
7.0 


TA 
-; Thigh 
to Tlcw 
(Note 
1) 
- 
- 
7.0 
- 
- 
9.0 
- 
- 
10 


Average 
Temperature 
Coefficient 
of 
Input 
Offset 
Voltage 
...lV1QI...lT 
- 
7.0 
- 
- 
70 
- 
- 
7.0 
- 
~V/OC 


T A '" ThIgh 
to TloV\.' (Note' 
l 


Input 
Offset 
Current 
110 
- 
3.0 
30 
- 
5.0 
50 
- 
5.0 
50 
nA 


TA 
= Thigh 
to Tlow 
(Note 
1) 
- 
- 
100 
- 
- 
150 
- 
45 
200 


Average 
Temperature 
Coefficient 
of 
Input 
Offset 
Current 
.:I1,O.:lT 
- 
10 
- 
- 
10 
- 
- 
10 
- 
pA/ve 


T A = Thigh 
to Tlcw 
(Note 
1) 


Input 
Bias Current 
'iB 
-45 
150 
45 
-250 
45 
-250 
nA 


TA 
'" Thigh 
to Tlovv 
(Note 
1) 
- 
-50 
-300 
- 
-50 
-500 
- 
-50 
-500 


Input 
Common·Mode 
Voltage 
Range 
(Note 
21 
VieR 
V 


Vee = 30 V 126 V fo. LM29041 
0 
- 
28.3 
0 
- 
28.3 
0 
- 
24.3 


Vce 
= 30 V 126V 1o. LM29041. TA = Th,gh to T,ow 
0 
- 
28 
0 
- 
28 
0 
- 
24 


Differential 
Input Voltage Range 
VIDR 
Vee 
Vee 
Vee 
V 


Large Signal Open-Loop 
Voltage Gain 
AVOL 
V/mV 


RL= 
2.0kH,VCC=15V,ForLargeVoSwlng, 
50 
100 
- 
25 
100 
- 
- 
100 
- 


T A = Thigh 
to Tlo\l\l 
(Note 
1) 
25 
- 
- 
15 
- 
- 
- 
- 
- 


Channel 
Separation 
-120 
-120 
120 
dB 


1.0 
kHz";; 
f 
••• 20 
kHz. 
Input 
Referenced 


Common-Mode 
Rejection 
RatiO 
eMRR 
70 
85 
- 
65 
70 
- 
50 
70 
- 
dB 


RS"10kf! 


Power 
Supply 
Rejection 
RatiO 
PSRR 
65 
100 
- 
65 
100 
- 
50 
100 
- 
dB 


Output 
Voltage 
Range 
VOR 
0 
- 
3.3 
0 
- 
33 
0 
- 
3.3 
V 


RL = 2 kf! 
IRL" 
10 kll 
fo. LM2904} 


Output 
Voltage 
HIgh 
Limit 
(T A 
Thigh 
to TlowHNote 
1) 
VOH 
V 
Vee = 30 V 126V fo, LM29041. RL = 2 kll 
26 
- 
~- 
26 
- 
- 
22 
- 
- 


Vee = 30 V 126 V fo. LM29041. RL = 10 kf! 
27 
28 
- 
27 
28 
- 
23 
24 
- 


Output 
Voltage-Low 
LImn 
VOL 
- 
50 
20 
- 
5.0 
20 
- 
5.0 
20 
mV 


VCC 
= 5.0 
V, 
RL 
= 10 
kD, 
TA 
= Thigh 
to Tlow 
(Note 
1) 


Output 
Source 
Current 
'0+ 
20 
40 
- 
20 
40 
- 
20 
40 
- 
mA 
V,O = +1.0 V. Vee = 15 V 


Output 
Sink 
Current 
'0- 
VIO = -1.0 V. Vec 
= 15 V 
10 
20 
- 
10 
20 
- 
10 
20 
- 
mA 


V,O = -1.0 V. Vo = 200 mV 
12 
50 
- 
12 
50 
- 
- 
- 
- 
"A 


Output 
Short 
CirCUit 
to 
Ground 
(Note 
31 
los 
- 
40 
60 
- 
40 
60 
- 
40 
60 
mA 


Power 
Supply 
Current 
IT A 
Thigh 
to TlowlfNote 
11 
'ce 
mA 
Vee = 30 V 126 V 10' LM29041. Vo = 0 V. RL = ~ 
- 
1.5 
3.0 
- 
1.5 
3.0 
- 
1.5 
3.0 


Vee = 5 V. Vo = 0 V. RL = ~ 
- 
0.7 
1.2 
- 
0.7 
1.2 
- 
0.7 
1.2 


NOTES, 


111 
Ttow'" 
_55°C 
for LM1S8 


'" 
40°C 
for LM2904 


'" -2SoC 
for 
LM258 


'" OoC 
for LM358 


Thigh 
= .•.12SoC 
for LM158 


= +8SoC 
for 
LM2904 


and LM258 


'" + 700e 
for 
LM358 


03 
V 
The 
upper 
end 
of 
the 
common·mode 
vOltage 
range 


IS V CC 
- 1. 7 
V, 
but 
either 
or 
both 
inputs 
can go to 
.-32 
V 


without 
damage 
1+26 
V for LM2904). 


(3) 
Short 
circuits 
from 
the 
output 
to 
VCC 
can cause excessive 


heating 
and 
eventual 
destruction. 
Destructive 
dissipation 


can result from 
Simultaneous 
shOrts on all amplifiers. 


@IJ 


cc 


1 
h5VtOVCCIMaXI 


-=- 1.5 V to VEE 
(Max) 


VEE 


Bias Circuitry 
Common to 80th 


Amplifiers 


I 
I 
VCC"'15Vdc 
RL'" 
2 k!1 


T A ~ 2SoC 


\ 
/ 
~ 


\ 
/ 


CIRCUIT 
DESCRIPTION 


The LM 158 Series is made using two internally 
om- 


pensated, two-stage operational amplifiers. The first 
tage 


of 
each consists of differential 
input 
devices 020 
and 
018 
with 
Input 
buffer 
transistors 
021 
and 
017 
and 
the differential 
to single ended converter 
03 
and 04. 


The first 
stage performs 
not only 
the first 
stage gain 


function 
but 
also 
performs 
the 
level 
shifting 
and 
Jrans. 
conductance 
reduction 
functions. 
By 
reducing 
the 
ans· 
conductance a smaller compensation capacitor (only 
pFI 
can be employed, 
thus saving chip area_The tran con- 


ductance reduction 
is accomplished by splitting 
th 
col- 
lectors of 
020 
and 018_ Another 
feature of this input 


stage 
is that 
the 
input 
common-mode 
range 
can 
in 
lude 


the negative supply or ground, in single supply oper tion, 


without 
saturating 
either 
the 
input 
devices 
or 
th 
dif· 


ferential to single-ended converter. The second stage con- 


sists 
of 
a 
standard 
current 
source 
load 
amplifier 
tage. 


Each 
amplifier 
is biased 
from 
an 
internal·voltage 
regu- 


lator 
which 
has a low 
temperature 
coefficient 
thus 
iving 


each 
amplifier 
good 
temperature 
characteristics 
as 
ell as 


excellent 
power 
supply 
rejection. 


II 


.; 
/.; 


Negatiye 
V 
\ v..... 
v 
/. K 
V /' 
'Positive 
1/V 
/' 


iii 
1:16 
~ 
~ 
1:14 
>-ii 1:12 
..• 
~ tl0 
o 
;: 
!B.O 
:> 
~ 
1:6.0 


-> :1:4.0 


III 
IIIII 
RL" 
2 k1! 
1\ 


VCC· 
15 V 


VEE 
" God 
\ 


GAIN· 
-100 


RI 
" 1 k1l 


RF" 
100 kH 
[\ 


•....•...... 


c1 
12 
~ 
w 
~ 
10 
~ 
w 
C) 
8.0 
..•:; 


~ 
6.0 
~ 
~ 
:::l 
4.0 
o 


~ 
2.0 
>- 


2.4 


2.1 
;;-.s 
1.8 


~ 
1.5 
a 
>- 
1.2 
~ 
i;; 
0.9 
or~ 0.6 
~ 
~ 0.3 


I 
I 
TA" 25°C l-- 
RL' 
~ 


~g.I,:J 


VEE· 
God 


1"--,..." 
TA·250C 


•...•. 


1"- 


1"- 


•...•. 


FIGURE 
4 - 
SMALL·SIGNAL 
VOLTAGE 
FOLLOWER 
PU LSE RESPONSE 
(Non-Inverting) 
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VEE·God. 
_ 
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1\ 
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@ MOTOROLA 


SINGLE 
SUPPLY. 
LOW 
POWER, 
LOW 
OFFSET 
VOLTAGE 
DUAL 
COMPARATORS 


The 
LM 193 
series 
are 
dual 
independent 
precisIOn 
voltage 


comparators 
capable 
of single-or 
split-supply 
operation. 
These 


devices 
are 
designed 
to permit 
a common 
mode 
range-ta-ground 


level 
with 
single-supply 
operation. 
Input 
offset-voltage 


specifications 
as 
low 
as 
2.0 
mV 
make 
this 
device 
an 
excellent 


selectIon 
for 
many 
applications 
in consumer 
automotive, 
and 


industrial 
electronics. 


• 
Wide 
Single-Supply 
Range 
- 
2.0 Vdc to 36 Vdc 


• 
Split-Supply 
Range 
- 
±1.0 
Vdc to ±18 
Vdc 


• 
Very 
Low Current 
Drain 
Independent 
of Supply 
Voltage 
- 
0.4 mA 


• 
Low 
Input 
Bias Current 
- 
25 nA 


• 
Low 
Input 
Offset 
Current 
- 
5.0 
nA 


• 
Low 
Input 
Offset 
Voltage 
- 
2.0 mV (max) 
LM193A1293A/393A 


- 
50 
mV 
(max) 
LM 193/293/3'l3 


• 
Input 
Common 
Mode 
Range 
to Ground 
Level 


• 
Differential 
Input 
Voltage 
Range 
Equal 
to Power 
Supply 
Voltage 


• 
Output 
Voltage 
Compatible 
with 
DTL. ECL, TTL, MOS 
and CMOS 
Logic 
Levels 


LM193A 
LM293A 
LM393 
LM39 A 
LM2903 


LM193 
LM293 


H SUFFIX 


METAL PACKAGE J 


CASE 601-04 
vcc 


Output 


N SUFFIX 
PLASTIC PACKAG 
CASE 626-05 


o SUFFIX 
• 
PLASTIC PACKAGE 


CASE 751-02 
8 
•• 


SO-8 


Iinpu, 
B 


Temperature 


Range 
P 
keg_ 


- 55 to + 125°C 
Me at Can 


Me 
at Can 


-25 
to +85°C 
$0-8 


Me 
al Can 


o to + 70 


0e 
0-8 


Pia 
tic 
DIP 


0-8 


-40 
to +85°C 


Pia 
tic 
DIP 


LM193AH,H 


LM293AH,H 


LM293D 


LM393AH,H 


LM393D 


LM393AN,N 


LM2903D 


LM2903N 


II 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
Vee 
+360r±18 
Vdc 


Input Differential 
Voltage Range 
VIDR 
36 
Vdc 


Input Common Mode Voltage Range 
VieR 
-0.3 to +36 
Vdc 


Input 
Current 
(2) 
lin 
50 
mA 


(Vin < - 0.3 Vdc) 


Output 
Short 
Circuit-to-Ground 
Ise 
Continuous 
mA 


Output 
Sink Current 
(1) 
Isink 
20 


Power Dissipation 
@ TA = 25'e 
Plastic DIP 
PD 
570 
mW 
Derate above 25'C 
l/ROJA 
5.7 
mW/oC 


Metal Can 
PD 
830 
mW 
Derate above 25'C 
l/ROJA 
6.64 
mW/oC 


Operating Ambient Temperature 
Range 
TA 
°e 
LM193,193A 
-55 to +125 
LM293,293A 
-25 to +85 


LM393,393A 
o to +70 


LM2903 
-40 to +85 


Maximum 
Operating Junction Temperature 
TJ(maxl 
°e 
LM393, 
393A, 2903 
125 
LM 193, 193A, 293, 293A 
150 


Storage Temperature 
Range 
Tsto 
-65 to +150 
°e 


LM193A 
LM293A, 
LM393A 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset Voltage 
(3) 
Via 
mV 


TA = 25'C 
- 
±1.0 
±2.0 
- 
±1.0 
±2.0 


Tlow 
'" TA '" Thigh 
- 
- 
4.0 
- 
- 
4.0 


Input Offset Current 
110 
nA 


TA; 
25°C 
- 
±3.0 
±25 
- 
±5.0 
±50 


Tlow<;TA<;Thioh 
- 
- 
+100 
- 
- 
+150 


Input Bias Current (4) 
liB 
nA 


TA; 
25°C 
- 
25 
100 
- 
25 
250 


Tlow <; TA <; Thioh 
- 
- 
300 
- 
- 
400 


Input Common Mode Voltage Range (5) 
VieR 
Volts 


TA; 
25°C 
0 
- 
Vee -1.5 
0 
- 
Vee -1.5 
Tlow~ 
TA~ 
Thioh 
0 
- 
Vee -2.0 
0 
- 
Vee -2.0 


Voltage Gain 
AVOL 
50 
200 
- 
50 
200 
- 
V/mV 
RL'" 
15 kll, Vee ; 15 Vdc, TA; 
25°C 


Large Signal Response Time 
- 
- 
300 
- 
- 
300 
- 
ns 


Vin = TTL Logic Swing, Vref = 1.4 Vdc 
VRL; 
5.0 Vdc, RL ; 5.1 kll, TA ; 25°C 


Response Time (5) 
tTLH 
- 
1.3 
- 
- 
1.3 
- 
~s 
VRL; 
5.0 Vdc, RL ; 5.1 kll, TA; 
25°C 


Input Differential 
Voltage (7) 
VID 
- 
- 
Vee 
- 
- 
Vee 
V 
All Vin ~ Gnd or V- Supply (if used) 


Output Sink Current 
Is1nk 
6.0 
16 
- 
6.0 
16 
- 
mA 
Vin- '" 1.0 Vdc, Vin+ ; 0 Vdc, Va <; 1.5 Vdc 


TA; 
25°C 


Output Saturation 
Voltage 
VOL 
mV 
Vin- ~ 1.0 Vdc, Vin+:;; 0, Isink ~ 4.0 mA. TA:;; 25°C 
- 
150 
400 
- 
150 
400 


Tlow <; TA <; Thioh 
- 
- 
700 
- 
- 
700 


Output Leakage Current 
10L 
;LA 


Vin- ; 0 V, Vin+ '" 1.0 Vdc, Va ; 5.0 Vdc, TA ; 25°C 
- 
0.1 
- 
- 
0.1 
- 


V;n_ :;;0 V. Vin+ ~ 
'.0 
Vdc, Vo :;;30 Vdc, 
- 
- 
1.0 
- 
- 
1.0 
Tlow<;TA<;Thioh 


Supply Current 
Ice 
mA 
RL = 00 Both Comparators. TA:; 25°C 
- 
0.4 
1.0 
- 
0.4 
1.0 


RL:;; ::Ie Both Comparators, VCC = 30 V 
- 
1.0 
2.5 
- 
1.0 
2.5 


·LM193/193A 
- 
Tlow; 
-55°C, 
Thigh; 
+125°e 


LM293/293A 
- 
Tlow; 
-25°C, 
Thigh; 
+B5°e 


LM393/393A 
- 
Tlow; 
ooe, Thigh; 
+70oe 


LM2903 
- 
Tlow; 
-40°C, 
ThIgh; 
+B5°e 


ELECTRICAL CHARACTERISTICS 
(Vee::: 
5.0 Vdc; *Tlow ~ TA ~ Thigh 
unless otherwise 
stated.) 


LM193 
LM293. 
LM393 
LM2903 
Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
U it 


Input Offset Voltage (3) 
VIO 
m 
TA = 25°C 
- 
±1.0 
±5.0 
- 
±1.0 
±5.0 
- 
±2.0 
±7.0 
I 
Tlow" 
TA" 
Thiah 
- 
- 
9.0 
- 
- 
9.0 
- 
90 
15 


Input Offset Current 
110 
nA 


TA = 25°C 
- 
±3.0 
±25 
- 
±5.0 
±50 
- 
±5.0 
±50 


Tlow" 
TA" 
Thioh 
- 
- 
+100 
- 
- 
±150 
- 
±50 
±200 


Input Bias Current (4) 
liB 
n 
TA = 25°C 
- 
25 
100 
- 
25 
250 
- 
25 
250 


Tlow" 
TA" 
Thioh 
- 
- 
300 
- 
- 
400 
- 
200 
500 


Input Common Mode Voltage 
VieR 
Vots 
Range (4) 
TA = 25°C 
0 
- 
Vee -1.5 
0 
- 
Vee -1.5 
0 
- 
Vee -1.5 
Tlow" 
TA" 
Thioh 
0 
- 
Vee -2.0 
0 
- 
Vee -2.0 
0 
- 
Vee -2.0 


Voltage 
Gam 
AVOL 
50 
200 
- 
50 
200 
- 
25 
200 
V/mV 
RL;" 
15 kIt 
Vee = 15 Vdc. 


TA = 25°C 


Large 
Signal 
Response 
Time 
- 
- 
300 
- 
- 
300 
- 
300 
n 


Vin:; TIL Logic Swing, 


V,e! = 1.4 Vdc 


VRL = 5.0 Vdc. RL = 5.1 kll. 


TA = 25°C 


Response 
Time 
(6) 
tTLH 
- 
1.3 
- 
- 
1.3 
1.5 
~ 


VRL = 5.0 Vdc. RL = 5.1 kll. 


TA = 25°C 


Input Differential 
Voltage (7) 
VIQ 
- 
- 
Vee 
- 
- 
Vee 
- 
Vee 
V 


All Vin ~ Gnd or V- Supply 


(if used) 


Output Sink Current 
lsink 
6.0 
16 
- 
6.0 
16 
- 
6.0 
16 
m 


Vin_ ~ 
1.0 Vdc. Vin+ = 0 Vdc. 


VO" 
1.5 Vdc TA = 25°C 


Output Saturation 
Voltage 
VOL 
m 


Vin_ ~ 1.0 Vdc. Vin+ :; 0, 
- 
150 
400 
- 
150 
400 
- 
- 
400 
Isink" 
4.0 mA. TA = 25°C 
700 
Tlow ~ TA ~ Thieh 
- 
- 
700 
- 
- 
700 
- 
200 


Output Leakage Current 
10L 
n' 


Vin_ = 0 V, Vjn+ ~ 1.0 Vdc, 
- 
0.1 
- 
- 
0.1 
- 
- 
0.1 
- 
Vo = 5.0 Vdc. TA = 25°C 


Vin_ = 0 V. Vin+ ~ 1.0 Vdc. 
- 
- 
1000 
- 
- 
1000 
- 
- 
1000 


Vo = 30 Vdc. 


Tlow" 
TA" 
Thioh 
Supply Current 
Ice 
m 
RL = x Both Comparators. 
- 
0.4 
1.0 
- 
0.4 
1.0 
- 
0.4 
1.0 
TA = 25°C 
RL = :x: Both Comparators. 
- 
- 
2.5 
- 
- 
2.5 
- 
- 
2.5 


Vee=30V 


'LMl 
93/1 93A - 
Tlow = -55°C. 
Thigh = +125°C 


LM293/293A 
- 
Tlow = -25°C. 
ThIgh = +85°e 


LM393/393A 
- 
Tlow = oDe. Thigh = +70oe 


NOTES: 
(1) The max. output current may be as high as 20 mA, independent of 
the magnitude of VCC, output short circuits to VCC can cause ex- 
cessive heating and eventual destruction. 
(2) This magnitude of input current will only occur if the input leads are 
driven more negative than ground or the negative supply voltage. 
This is due to the input PNP collector base junction becoming for- 
ward biased, acting as an input clamp diode. There is also a lateral 
PNP parasitic transistor action on the Ie chip. This phenomena 
can 
cause the output voltage of the comparators 
to go to the VCC voltage 
level lor ground if overdrive is largel during the time the input is 
driven negative. This will not destroy the device and normal output 
states will recover when the inputs become> 
- 0.3 V of ground or 


negative supply. 


(31At output switch point, Vo =- 1.4 Vdc, RS ::: 0 n with VCC from 5.0 
Vdc to 30 Vdc, and over the full input common·mode range 10volts 
to VCC :: -1.5 volts) 


(4) Due to the PNP transistor 
inputs, bias current will flow out 0 the 


inputs, this current is essentially constant independent of the o~tPut 
state, therefore, no loading changes will exist on the input lin s. 
(Sllnput 
common mode of either input should not be permitted 
a go 


more than 0.3 V negative of ground or minus supply. The upper limit 
of common 
mode range is VCC - 
1.5 V but either or both i puts 
can be taken to as high as 30 volts without damage. 


(6) Response time is specified with a 100 mV step and 5.0 mV 0 ov- 
erdrive. With larger magnitudes of overdrive faster response t mes 
are obtainable. 


(7) The comparator will exhibit proper output state if one of the i'1puts 
become greater than VCC. the other input must remain within the 
common 
mode range. The low input state must not be less 
han 


- 0.3 volts of ground of minus supply. 
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These dual comparators feature high gain, wide bandwidth 
characteristics. 
This 
gives 
the 
device 
oscillation 
tendencies 
if 
the 
outputs 
are 
capacitively 
coupled 
to the 
inputs 
via 
stray 
capacitance. 
This 
oscillation 
manifests 
itself 
during 
output 
transitions 
(VOL to VOHI. To alleviate this situation input re- 
sistors < 10 kfi should be used. The addition of positive feed- 
back « 
10 mY) is also recommended. 
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® MOTOROLA 


INTERNALLY COMPENSATED 
MONOLITHIC OPERATIONAL AMPLIFIER 


A general purpose 
operational 
amplifier 
series well suited for 
applications 
requiring 
lower input currents than are available with 
the popular MC1741. These improved 
input characteristics 
permit 
greater accuracy 
in sample 
and hold 
circuits 
and long 
interval 
integrators. 


• 
Internally 
Compensated 


• 
Low Offset Voltage: 
7.5 mV max 


• 
Low Input Offset Current: 
50 nA max 


• 
Low Input Bias Current: 
250 nA max 


OPERATIONAL 
AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


~ 
1 


N SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


NC 


Inputs 1 


VEE 


NC 


VCC 


Output 


NC 


Rating 
Symbol 
LM307 
Unit 


Power 
Supply 
Voltages 
VCC 
+1a 
Vdc 


VEE 
-1a 


Differential 
Input 
Signal 
Voltage 
VID 
",30 
Volts 


Common-Mode 
Input 
Swing 
(Note 
I) 
VICR 
",15 
Volts 


Output 
Short-Circuit 
Duration 
ts 
Indefinite 


Power 
Dissipation 
(Package 
Limitation! 
(Note 
2! 
Po 
500 
mW 


Operating 
Temperature 
Range 
TA 
o to 
+ 70 
"C 


Storage 
Temperature 
Range 
Tsta 
-65to 
+150 
"C 
- 


LM307 


Characteristics 
Symbol 
Min 
Typ 
Max 
U.it 


Input 
Offset 
Voltage 
VIO 
m 
RS '" 50 kil, 
TA 
~ 
+ 25"C 
- 
2.0 
7.5 


RS '" 50 kil, 
TA = Tlow 
to Thiah 
- 
- 
10 


Input 
Offset 
Current 
110 
n 
TA = 
+ 25"C 
- 
3.0 
50 
TA = Tlow 
to Thiah 
- 
- 
70 


Input 
Bias Current 
liB 
n 
TA = 
+25"C 
- 
70 
250 
TA = Tlow 
to Thiah 
- 
- 
300 


Input 
Resistance 
fj 
0.5 
2.0 
- 
M:1 


Supply 
Current 
10 
- 
1.a 
3.0 
m 
Vs 
~ 
"'15V,TA~ 
+ 25"C 


Large-Signal 
Voltage 
Gain 
Av 
V/rl.V 


Vs = 
",15 
V, Va = 
"'10 
V, RL > 2.0 kil, 
TA = 
+ 25"C 
25 
160 
- 


I 
Vs = 
",15 
V, Va = 
'" 10 V, RL;;> 2.0 kil, 
TA = Tlow 
15 
- 
- 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
TCVIO 
- 
6.0 
30 
I'-V~C 
Tlow'" 
TA '" Thiah 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Current 
TCIIO 
nWC 


+ 25"C '" TA '" Thigh 
- 
0.01 
0.3 
Tlow 
'" TA '" 
+25"C 
- 
0.02 
0.6 
I 


Output 
Voltage 
Swing 
(TA 
~ Tlow 
to Thigh) 
Vo 
V 
Vs 
~ 
"'15V. 
RL = 10kil 
",12 
+14 
- 
RL = 2.0 kil 
±10 
"'13 
- 
I 


Input 
Voltage 
Range 
(TA = Tlow 
to Thigh) 
VICR 
",12 
- 
- 
v. 


Vs = 
",15 
V 
I 


Common-Mode 
Rejection 
Ralio 
(TA = Tlow 
to Thigh! 
CMRR 
70 
90 
- 
d 
RS'" 
50 kil 


Supply-Voltage 
Rejection 
Ratio 
(TA = Tlow 
to Thigh) 
PSRR 
70 
96 
- 
d 
RS'" 
50 kil 


Symbols conform to JEDECEngineering Bulletin No.1 when applicable. 
for the LM307. The H package is derated based on a t ermal 


Note 1. For supply voltages less than ::!:15V, the absolute maximum 
resistance of 
+ 150"CIW, junction to ambient. or +4 'eiW, 


input voltage is equal to the supply voltage. 
junction to case. 


Note 2. For operating at elevated temperatures, the device must be 
Note 3. Unless otherwise noted. these specifications apply for: 


derated based on a maximum junction temperature of 100°C 
:=: 5.0 V os: VCCNEE 
os: 
:=: 15 V. Tlow 
=: O°C. Thigh 
=: 
+ 7 °C 


II 


TYPICAL CHARACTERISTICS 


(Vcc = +15V, 
VEE = -15V, 
TA ~ 
+ 25°C unless otherwise noted.) 


Applies over specified 
I 


Operating Temperature 


Range 


V 
/" 
./ 


./ 
./ 


Positive/ 
./ 


V 


/Negative 


1110 


94 


~ 88 
z< 
'" 
~ 


82 


~ 76 


Applies over specified 
Operating Temperalure 


Range 


~ 
~ 
~ 


-f'..... 


......•.... 


......•.... 


I'-... 


........... 


~ 


~ 
+120 


~ 
+100 
<'1i 


Applies over specified 


Operating Temperature 
Range 


V 


MiOlmum 
:/ V 


RL ~ 10kn :/ V 
~ - 


MInimum 


RL ~ 2.0kn 


120 f----+--+--!--+--~-__l_--+__-_1 
~ ~=j==t:j~~t==t:j==t=j 
~ 
15 ~ 
a 
~ii5 
10 f----+--+--!--+--~-__l_--+__-_1 
~~ 
~ 
0.5 f----+--+---!--+-----j----j--+--.+--~ 
S' 


O'-_-'__ 
....L_-J-J_....L __ 
L-_-.l. __ 
-'--_......J 


o 
5.0 
10 
15 
Vcc AND (- 
VEEI. SUPPLY VOLTAGES (VOLTSI 


- 
- 
~ 


= 
- 
f-- 


- 
- 
l-- 


-f- 


-f- 


-f- 


~k 
-f- 
e-- 
e-- 


-'- 
- 
l-- 


- 
I-- 
r 
\ 
Input: 
/ 
\ 
I 
/Output 


i/ 
'\. 
I 
.- 


~ 
+6.0 
o 
~ 
+4.0 
~ 
~ 
+2.0 


~ 
§? -2.0 
~ 
~ 
-4.0 
50-6.0 
~ -8.0 
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® MOTOROLA 


DUAL, LOW NOISE, AUDIO 
OPERATIONAL AMPLIFIER 


The LM833 is a standard 
low-cost 
monolithic 
dual general- 
purpose operational 
amplifier employing 
Bipolar technology 
with 


innovative 
high-performance 
concepts for audio systems appli- 
cations. With high frequency 
PNP transistors, 
the LM833 offers 
low voltage noise (4.5 nV/YHzl. 
15 MHz gain bandwidth 
product, 
7.0 V//l-S slew rate, 0.3 mV input 
offset voltage 
with 
2.0 /l-V/'C 
temperature 
coefficient of input offset voltage. The LM833 output 
stage exhibits 
no deadband 
crossover 
distortion, 
large output 
voltage swing, excellent phase and gain margins, low open-loop 
high frequency 
output 
impedance 
and symmetrical 
source/sink 
ac frequency 
response. 
The LM833 is specified 
over the vehicular 
temperature 
range 
and is available 
in the plastic DIP and SO-8 packages (P and D 
suffixes). A quad device is available in the MC34079 family. 


• 
Low Voltage Noise: 4.5 nV/VHz 


• 
High Gain Bandwidth 
Product: 15 MHz 


• 
High Slew Rate: 7.0 V//l-S 


• 
Low Input Offset Voltage: 0.3 mV 


• 
Low T.C. of Input Offset Voltage: 2.0 /l-VrC 


• 
Low Distortion: 
0.002% 


• 
Excellent Frequency Stability 


• 
Dual Supply Operation 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
(VCC to VEEI 
Vs 
+36 
Volts 


Input 
Differential 
Voltage 
Range 
VI DR 
30 
NOTE 
1 
Volts 


Input 
Voltage 
Range 
VIR 
",15 
NOTE 
1 
Volts 


Output 
Short-Circuit 
Duration 
(NOTE 
21 
ts 
Indefinite 
Seconds 


Operating 
Ambient 
Temperature 
Range 
TA 
-40 
to 
+85 
'c 


Operating 
Junction 
Temperature 
TJ 
+150 
'c 


Storage 
Temperature 
Tsto 
-60 
to 
+ 150 
'c 


Maximum 
Power 
Dissipation 
(NOTE 2) 
PD 
500 
NOTE 
3 
mW 


NOTES: 


1. Either 
or both 
input 
voltages 
must 
not exceed 
the 
magnitude 
of Vec or VEE. 


2. 
Power 
dissipation 
must 
be considered 
to ensure 
maximum 
junction 
temperature 
(TJ) is not 


exceeded 
(See power 
dissipation 
performance 
characteristic). 


3. Maximum value at TA 
:!lO 85°C. 


DUAL OPERATIONAL 


AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
•• 


1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 


SO-8 


l 


Inputs 
1 { 


6 


} Inputs 
2 


Device 
Temperature 
Range 
Package 


LM833P 
-40 
to 
+85'C 
Plastic 
DIP 


LM833D 
-40 
to 
+85'C 
SO-8 


DC ELECTRICAL 
CHARACTERISTICS 
IVCC = 
+15 
V, vEE = 
- 15 V, TA 
= 25°C unless 
otherwise 
noted), 
I 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
IRS = 10 fl, 
Vo = 0 V) 
VIO 
- 
0.3 
5.0 
m 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
Il.VlcY·n 
- 
2.0 
- 
I'-vr 


RS = 10 fl, Vo = 0 V, TA = Tlow 
to Thiah 


Input 
Offset 
Current 
IVCM = 0 V, Vo = 0 V) 
110 
- 
10 
200 
nA 


Input 
Bias Current 
(VCM = 0 V, Vo = 0 V) 
liB 
- 
300 
1000 
nA 


Common 
Mode 
Input 
Voltage 
Range 
VICR 
- 
+14 
+12 
V 


-12 
-14 
- 


Large 
Signal 
Voltage 
Gain IRL = 2.0 kll, 
Vo = ± 10 V) 
AVOL 
90 
110 
- 
dB 


Output 
Voltage 
Swing: 
RL = 2.0 kfl, 
VID = 1.0 V 
VO+ 
10 
13.7 
- 
V 


RL = 2.0 kfl, 
VID = 1.0 V 
VO- 
- 
- 14.1 
-10 
V 


RL = 10 kfl, 
VID = 1.0 V 
VO+ 
12 
13.9 
- 
V 


RL = 10 kfl, VID = 1.0 V 
VO- 
- 
-14.7 
-12 
V 


Common 
Mode 
Rejection 
(VIN = ± 12 V) 
CMR 
80 
100 
- 
dB 


Power 
Supply 
Rejection 
(VS = 15to 
5,0 V, - 15to 
- 5.0 V) 
PSR 
80 
115 
- 
dB 


Power 
Supply 
Current 
IVO = 0 V, Both Amplifiers) 
10 
- 
4.0 
8.0 
m~ 


AC ELECTRICAL 
CHARACTERISTICS 
(VCC = 
+ 15 V, VEE = 
- 15 V, TA 
::: 25°C unless 
otherwise 
noted). 


Characteristics 
Symbol 
Min 
Typ 
Max 
Uni 


Slew 
Rate IVIN = 
-10 
V to 
+ 10 V, RL = 2.0 kfl, AV = 
+ 1.0) 
SR 
5.0 
7.0 
- 
VII'- 


Gain 
Bandwidth 
Product 
If = 100 kHz) 
GBW 
10 
15 
- 
MH 


Unity 
Gain 
Frequency 
(Open 
Loop) 
fU 
- 
9.0 
- 
MH 


Unity 
Gain 
Phase Margin 
(Open 
Loop) 
Hm 
- 
60 
- 
De 


Equivalent 
Input 
Noise 
Voltage 
(RS = 100 fl, f = 1.0 kHz) 
en 
- 
4.5 
- 
nV, 
z 


Equivalent 
Input 
Noise 
Current 
If = 1.0 kHzl 
in 
- 
0.5 
- 
pAl, 
z 


Power 
Bandwidth 
IVO = 27 Vo-o, 
RL = 2.0 kfl, 
THO,. 
1.0%) 
BWP 
- 
120 
- 
kHz 


Distortion 
IRL = 2.0 kfl, 
f = 20 Hz to 20 kHz, Vo = 3.0 Vrms, 
AV = 
+1.01 
THO 
- 
0002 
- 
% 


Channel 
Separation 
(f = 20 Hz to 20 kHz) 
- 
- 
-120 
- 
dB 


FIGURE 2 - 
INPUT 
BIAS CURRENT 
versus 
TEMPERATUt 
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tl.V 
" 
EE 


~ 
120 
z 


~100 
~~ 
~ 
80 


~ 
60 
'" 
~ 
40 
a: 
~ 
20 


V~'C ~ 
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I 
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...•.. 
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.....•• 
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tl.VO 
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~100 


~ 
w 
~ 
o:- 
w 
'"6zI 
~~~ 


~1.0 
1.0 


VCC ~ 
+15V 
VEE = -15V 
Vnltotal) ~ (inRSI2 + en2 + v'4K'fijS 
TA = 25°C 


II 


LI'I"~U" 
LM2903 
LM2904 


For Specifications, 
See LMI93 


For Specifications, 
See LM 158 


, , , designed 
for 
use in level detection, 
low-level 
sensing, 
and 
memory 
applications. 


• 
Two Separate Outputs 


• 
Strobe Capability 


• 
High Output 
Sink Current 
2.8 mA Minimum 
(Each Comparator) 
for MC1514 
1.6 mA Minimum 
(Each Comparator) 
for MC1414 


• 
Differential 
Input Characteristics 
Input Offset Voltage 
= 1.0 mV for MC1514 
= 1.5 mV for MC1414 
Offset Voltage 
Drift = 3.0 !J.vrc for MC1514 


= 5.0 !J.vrc for MC1414 


• 
Short Propagation 
Delay Time - 
40 ns Typical 


• 
Output 
Compatible 
with All Saturating 
Logic Forms 
Vo = +3.2 V to -0.5 
V Typical 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltages 
VCC 
+14 
Vdc 
VEE 
-7.0 


Differential Mode Input Voltage Range 
VIDR 
"'5.0 
Vdc 


Common Mode Input Voltage Range 
VICR 
±7.0 
Vdc 


PeakLoad Current 
IL 
10 
mA 


Power 
Dissipation 
(Package 
Limitation) 
PD 
Ceramic 
Dual 
In·Line 
Package 
1000 
mW 
Derate 
above 
TA = 25°C 
6.0 
mwrc 


Plastic 
Dual In-Line 
Package 
620 
mW 
Derate above TA = 25°C 
5.0 
mwrc 


Operating 
Temperature 
MC1514 
TA 
-55 to + 125 
°c 
MC1414 
o to + 75 


Storage 
Temperature 
Range 
Tsto 
-65 to + 150 
°c 


DUAL 
DIFFERENTIAL 
COMPARATOR 


L SUFFIX 
CERAMICPACKAGE 


CASE632-08 


P SUFFIX 
PLASTICPACKAGE 
CASE646-06 
(MC1414Only) 


13 :~~~~ing 


12 
Non-Inverting 
Input 


Non-Inverting 
Input 


Inverting 
6 
_ 


Input 


ELECTRICAL CHARACTERISTICS 
(VCC = + 12 Vdc, VEE = 
- 6.0 Vdc, TA = 25'C unless 
otherwise 
noted.) 
(Each Comparatpr) 


MC1514 
MC1414 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
Via 
mV 
c 


(Va = 1.4 Vdc, TA = 25'C) 
- 
1.0 
2.0 
- 
1.5 
5.0 


(Va = 1.8 Vdc, TA = Tlow*) 
- 
- 
3.0 
- 
- 
6.5 


(Va = 1.0 Vdc, TA = Thioh*1 
- 
- 
3.0 
- 
- 
6.5 


Temperature 
Coefficient 
of Input 
Offset 
Voltage 
dVIO/dT 
- 
3.0 
- 
- 
5.0 
- 
p'vrc 


Input 
Offset 
Current 
110 
p.Adc 


(Va = 1.4 Vdc, TA = 25'C) 
- 
1.0 
3.0 
- 
1.0 
5.0 


(Va = 1.8 Vdc, TA = Tlow) 
- 
- 
7.0 
- 
- 
7.5 


(Va = 1.0 Vdc, TA = Thioh) 
- 
- 
3.0 
- 
- 
7.5 


Input 
Bias Current 
liB 
p.Adc 


(Va = 1.4 Vdc, TA = 25'C) 
- 
12 
20 
- 
15 
25 


(Va = 1.8 Vdc, TA = Tlowl 
- 
- 
45 
- 
18 
40 


(Va = 1.0 Vdc, TA = Thioh) 
- 
- 
20 
- 
- 
40 
, 


Open 
Loop 
Voltage 
Gain 
Avol 
VN 
(TA = 25'C) 
1250 
1700 
- 
1000 
1500 
- 


(TA = Tlow 
to Thioh) 
1000 
- 
- 
800 
- 
- 


Output 
Resistance 
RO 
- 
200 
- 
- 
200 
- 
OhlTs 


Differential 
Voltage 
Range 
VI DR 
±5.0 
- 
- 
;:5.0 
- 
- 
Vd 


High 
Level Output 
Voltage 
VOH 
2.5 
3.2 
4.0 
2.5 
3.2 
4.0 
Vd 


(VID ,. 5.0 mY. 0 '" 10 '" 5.0 mAl 


Low Level 
Output 
Voltage 
VOL 
Vdo 


(VID ,. 
- 5.0 mY. 10S = 2.8 mAl 
-1.0 
-0.5 
0 
- 
- 
- 
(VID" 
-5.0 
mY, 10S = 1.6 mAl 
- 
- 
- 
-1.0 
-0.5 
0 
1 


Output 
Sink Current 
10S 
2.8 
3.4 
- 
1.6 
2.5 
- 
mA't' 
(VID ,. 
- 5.0 mY, VOL'" 
0.4 V, 


TA = Tlow 
to Thiohl 


Input 
Common 
Mode 
Voltage 
Range 
VICR 
;:5.0 
- 
- 
;:5.0 
- 
- 
vdd 


(VEE = - 7.0 Vdc) 


Common-Mode 
Rejection 
Ratio 
CMRR 
80 
100 
- 
70 
100 
- 
dB 
(VEE = - 7.0 Vdc, RS '" 200 0) 


Strobe 
Low Level 
Current 
IlL 
- 
- 
2.5 
- 
- 
2.5 
mA 


(VIL = 01 


Strobe 
High 
Level 
Current 
IIH 
- 
- 
1.0 
- 
- 
1.0 
p.A 


(VIH = 5.0 Vdcl 


Strobe 
Disable 
Voltage 
VIL 
- 
- 
0.4 
- 
- 
0.4 
Vdc 
(VOL'" 
0.4 Vdc) 


Strobe 
Enable 
Voltage 
VIH 
3.5 
- 
6.0 
3.5 
- 
6.0 
Vdc 
(VOH ,. 2.4 Vdc) 


Propagation 
Delay 
Time 
(Figure 
1I 
tpLH 
- 
20 
- 
- 
20 
- 
ns 


tpHL 
- 
40 
- 
- 
40 
- 


Strobe 
Response 
Time 
(Figure 
2) 
tso 
- 
15 
- 
- 
15 
- 
ns 
tsr 
- 
6.0 
- 
- 
6.0 
- 


Total 
Power 
Supply 
Current, 
Both Comparators 
ICC 
- 
12.8 
18 
- 
12.8 
18 
mAdf 


(Va'" 
0) 
lEE 
- 
11 
14 
- 
11 
14 


Total 
Power 
Consumption, 
Both Comparators 
PD 
- 
230 
300 
- 
230 
300 
mW 
I« 


e~n 
eout 
'" 10 ns 


-=-Vb 
95 mV 
~ 
~ 
~ 
Input 
10% 


Vb 
= 95 mV 
- 
Via 


5~ltrobe 


VIM 
~ 
+ 
IStrobe 
150%\--'~ 
v 


,. 20 mV 
51 
t;::J~ 
I- 
tt<s'r~'I=-- 


~ 
-- 
OH 
Output 
1.4 V 
OV 
OL 


II 


TYPICAL 
CHARACTERISTICS 


(Each Comparatorl 


FIGURE 
3 - 
VOLTAGE 
TRANSFER 
CHARACTERISTICS 
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FIGURE 
4 -INPUT 
OFFSET 
VOLTAGE 
versus 
TEMPERATURE 
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FIGURE 
5 - 
INPUT 
OFFSET 
CURRENT 
versus 
TEMPERATURE 
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FIGURE 
6 - 
INPUT 
BIAS CURRENT 
versus 
TEMPERATURE 
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FIGURE 
7 - 
GAIN 
VARIATION 
WITH 
POWER 
SUPPLY 
VOLTAGE 
FIGURE 
8 - 
VOLTAGE 
GAIN 
versus 
TEMPERATURE 
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VCC. POSITIVE SUPPLY VOLTAGE IVdc) 


in 
4.0 
!:; 
02- 


3.0 
~ 
'"« 
!:; 


2.0 
0> 
•.... 
:::l 
1'= 
1.0 
:::l06 
> 


20 mV Overdrive 
.....• 
.--- 5.0 mVOverdrive 


10 mVOverdrive 
\\ 
1.0 mVOverdrive 


\. 
~ 
I 


~ 
-1.0 
~ 
150 .---r---,---.,---.----,----, 


~ 
100 I-----+--+--+---I---+---{ 


~ 501---+--+--+---1---+---1 
~ Ol---I---+--+---I---+---{ 


-2: 
- 50'-_--'- __ 
-'-__ 
-'-__ 
'-_--'- __ 
--' 


;; 
0 
20 
40 
60 
80 
100 
110 


t, TIME Insl 


RS 
@ 


~ 
MRTL 


~ 
~ 


mW MRTL 


" 
"- 
f----- 
"- 


Meet Power 
"'" 
f----- rll 
"" 


'" 
~ 
10 


0.5 
1.0 
1.0 
5.0 


RS' SERIES RESISTANCE 1I!lI 


0255075 


TA, AMBIENT TEMPERATURE lOCI 


AGURE 
12 - 
SINK 
CURRENT 
versus TEMPERATUR~ 
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MC14360 
MC1436P1 
MC1436CP1 
MC1436G 
MC1436U 
MC1436CG 
MC1436CU 
MC1536G 
MC1536U 


50-8 
Plastic DIP 


Plastic 
OJP 
Metal Can 
Ceramic DIP 
Metal Can 
Ceramic DIP 
Metal Can 
Ceramic DIP 


COC to +70°C 


COC to + lO°C 
O"Cto + 70°C 
O"Cto + 70"C 
COC to + 700C 


COC to + 70"C 
ere to +7<r'C 


- 55°C to + 125°C 
- 55°C to + 125°C 


HIGH VOLTAGE, 
INTERNALLY 
COMPENSATED 
OPERATIONAL 
AMPLIFIER 


designed 
for 
use as a summing 
amplifier, 
integrator, 
or amplifier 


with 
operating 
characteristics 
as a function 
of the external 
feedback 


components. 


• 
Maximum 
Supply 
VOltage 
- ± 40 Vdc 
(MC 15361 


• 
Output 
Voltage 
Swing 
- 


±30 
Vpk(minl 
(VCC 
= +36 
V, VEE 
= -36 
VI 
(MC15361 


±22 
Vpk(min) 
(VCC = +28 V, VEE = -28 
V) 


• 
Input 
Bias Current 
- 
20 nA 
max 
(MC15361 


• 
Input 
Offset 
Current 
- 
3.0 nA 
max (MC1536) 


• 
Fast Slew 
Rate 
- 
2.0 Vips 
typ 


• 
Internally 
Compensated 


• 
Offset 
Voltage 
Null 
Capability 


• 
Input 
Over-Voltage 
Protection 


• 
AVOL 
- 
500,000 
typ 


• 
Characteristics 
Independent 
of Power 
Supply 
Voltages 
- 


I± 5.0 Vdc 
to ± 36 Vdcl 


FIGURE 
1 - 
DIFFERENTIAL 
AMPLIFIER 
WITH 
± 20 V 
COMMON·MODE 
INPUT 
VOLTAGE 
RANGE 


R1 


lOOk 


MC1436C 
MC1536 


SILICON MONOLITHIG 
INTEGRATED 
CIRCUIT 


G SUFFIX 
METAL 
PACKAGE 
CASE 
601-04 


7 
vcc 


f'f!J 


1 
~ 
1 
•• 


1 


P1 SUFFIX 
PLASTIC 
PACKAGE 


CASE 
626-05 


U SUFFIX 


CERAMIC 
PACKAGE 


CASE 
693-02 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 


SO-8 


Input Dlfferenmtj 
VOllage Range 


Input Common-Mode Voltage Range 


Output Short CirCUIt DuratIon (VCC - Vee 
28 Vde, Va" 
01 


Power DtSSlpinlon (Package LImItatIon) 
Derate above TA" 
+2SoC 


,g 


I 
ELECTRICAL 
CHARACTERISTICS 
IVCC = +28 Vdc, VEE = - 28 Vdc, TA = +250C 
unless otherWIse 
noted) 


MC1S36 
MC1436 
MC1436C 


Ch.rKteris!lC:s 
Symbol 
Min 
TyO 
M•• 
Min 
TyO 
M•• 
Min 
TyO 
M•• 
Unit 


Input BIas Currenl 
"B 
nAdc 
TA" 
+2SoC 
- 
B.O 
20 
- 
15 
40 
- 
25 
90 


TA" 
Tlow 10 ThlQh lSee Note 11 
- 
35 
- 
- 
55 
- 
- 
I 


Input Offset Current 
"0 
nAdc I 


TA" 
t2S0C 
- 
1.0 
3.0 
- 
5.0 
10 
10 
25 


TA" 
+250C to Thigh 
- 
- 
45 
- 
- 
14 
- 
- 
- 


TA" 
TlolIY to t250C 
- 
7.0 
- 
- 
14 
- 
- 
I 


Input Offset Voltage 
V,O 
mVdc 


TA" 
t250C 
20 
50 
- 
50 
10 
- 
50 
12 


TA" 
Tlow to ThlQh 
- 
7.0 
- 
- 
14 
- 
- 
- 


Differential 
Input Impedance lOpen·Loop. 
f $5.0 
Hzl 


Parallel Input Resistance 
'0 
10 
10 
- 
10 
Meg oh , 


Parallel Input Capac.tance 
Cp 
20 
2.0 
- 
- 
20 
pF 


Common-Mode Input Impedance (f S5 0 Hzl 
'" 
250 
250 
250 
- 
Meg oh , 


Inpul Common·Mode Voltage Range 
VICR 
.±24 
-25 
122 
+25 
"B 
i: 20 
Vpk 


Equivalent Input Noi. 
Voltage 
" 
nVIlHzl 
z 
IAV ~ 100. Rs " 10 k ohms, f" 
1.0 kHz, BW" 
1.0 Hzl 
50 
50 
- 
50 
- 


Common-Mode RejectIon Rallo ldel 
CMAR 
BO 
110 
70 
110 
50 
90 
dB 


Large Stgnal de Open Loop Volt. 
Ga.n 
AVOL 
VIV 


{TA" 
+25oC 
100,000 
500,OCX 
70.000 
5OO,OOC 
50.000 
500,000 
IVo ".!. 
10 V, Rl 
" 100 k ohms) 


TA" 
TIOWto Ttllgh 
50.000 
- 
50,000 
- 


IVo" 
t.l0 
V. Rl '"'10k ohms, TA" 
+2SoCI 
200,00< 
200.000 
200.000 


P~er 
Bandwtdth (Voltage Followed 
BWp 
kH, 


IAV" 
1, Rl 
•• 5.0 k ohms, THOS 5%, Vo ••40 Vp-pl 
- 
23 
23 
- 
23 


Untty Gain Cro,>soverFrequency lopen·loopl 
f, 
10 
10 
- 
10 
~~Hl 


PhaseMargin lopen-loop. unity gam) 
<>m 
50 
50 
50 
degrees; 


Gatn Margm 
AM 
lB 
lB 
lB 
dB 


Slew Rate IUnlty 
Ga.nl 
SA 
20 
- 
- 
2.0 
20 
V", 


Output 
Impedance If S 5.0 HZ) 
'0 
10 
10 
10 
k ohms 


5hort-Clrcull 
OUlput Current 
'OS 
-17 
i:17 
• 19 
mAdel 


Output Vollage RClngeIAl 
•• 5.0 k ohmsl 
VOA 
Vpk 


Vee" 
+28 Vde. Vee •• -28 Vdc 
-22 
-23 
!o20 
i22 
- 
.20 
'22 


Vec" 
+36 Vdc, VEE ~ -36 Vdc 
i30 
.!.32 
- 
- 


Power Supply SenSItiVity Ide) 
IlV!V 


Vee "' conna'nt. As S 10 k ohms 
PSS+ 
15 
fOO 
35 
200 
50 
VCC" 
constanl. Rs :S 10 k ohms 
PSS- 
15 
100 
35 
200 
50 


Power Supply Current 
ISee NOle 21 
ICC 
2.2 
40 
26 
5.0 
26 
50 
mAde 


'EE 
- 
2.2 
40 
26 
50 
26 
50 


DC QUlt:scenl Power Consumpllon 
Pc 
mW I 


IVo·O) 
12' 
224 
- 
146 
280 
146 
2BO 


Note 1 
TIOW DoC lor MC1436,C 
-5SoC fOr MC1S36 
Thigh 
+700C lor MC1436,C 
+12SoC lor MC1S36 


Note 3 


5.0 


680 
4.6 
mW 


mWfJC 


°c 
°c 


Note 2 
VCC ~ Vee 
- 5.0 Vdc 10 36 Vdc for MC1S36 


VCC •. Vee 
" 50 Vdc 10 30 Vdc lor MC1436 


VCC - VeE " 50 Vdc to 28 Vdc for MC1436C 
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FIGURE 12 - VOLTAGE 
CONTROLLED 
CURR 
NT 
SOURCE or TRANSCONDUCTANCE 
AMPLIFIER 
WITH 0 TO 40 V COMPLIANCE 


Rre 
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~"RTC;2mAl 
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4) 
RHRTC 
+ R31 
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L~-.J 
t OFFSET 
___ 
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Ml."I'+"'L 
MC1437P 
MC1537L 


U-\j 
(0 +/U-\j 
O°C to +70°C 


-55°C 
to +125°C 


L;eramlc 
UIt"' 


Plastic 
DIP 
Ceramic 
DIP 


.. 
designed 
for use as summing 
amplifiers, 
integrators, 
or amplifiers 


with 
operating 
characteristics 
as a function 
of the external 
feedback 


components. 
Ideal 
for 
chopper 
stabilized 
applications 
where 
ex 


tremely 
high 
gain is r€'Quired 
with 
excellent 
stability. 


Typical 
Amplifier 
Features: 


• 
High-Performance 
Open 
Loop 
Gain 
Characteristics 
- 


AVOL 
= 45,000 
typical 


• 
Low 
Temperature 
Drift 
- 
±.3IlV/oC 


• 
Large 
Output 
Voltage 
Swing 
- 


±. 14 V typical 
@ ±. 15 V Supply 


Rating 
Symbol 
Value 
Unit 


Power 
Supply' 
Voltage 
VCC 
'18 
Vdc 


VEE 
-18 
Vdc 


Differential 
I nput 
Voltage 
Range 
VIDR 
±5.0 
Volts 


Common-Mode 
Input 
Voltage 
Range 
VICR 
tVee 
Volts 


Output 
Short 
Circuit 
DuratIon 
'S 
50 
s 


Power 
Dissipation 
(Package 
LimitatIon) 
PD 


Ceramic 
Package 
750 
mW 
Derate above T A :::;+2SoC 
6.0 
mW/oC 


Plastic 
Package 
MC1437P 
625 
mW 


Derate above T A '" +2SoC 
5.0 
mW/oC 


Operating 
Ambient 
Temperature 
Range 
TA 
°c 
MC'537 
-55 
to +125 
MC,437 
o to +70 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
°c 


Output 
1 
12 
'3 
Output 
1 
Lag 


DUAL 
MC1709 


OPERATIONAL 
AMPLIFIERS 
- 


1 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 646-06 
IMC1437P 
Only) 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 632-08 


MC1437, 
MC1537 


ELECTRICAL 
CHARACTERISTICS 
Each Ampli'ier 
(VCC - +15 Vdc 
VEE - 
15 Vdc 
T A - +250C unless otherwi,e 
noted I 
- 
- 
- - 
- 
'I 
MC1537 
MC1437 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
ynit 


Open Loop Voltage Gatn 
AVOL 
- 


(RL : 5.0 kl!. 
Vo: 
± 10 V, 
25,000 
45,000 
70,000 
15,000 
45,000 
- 


TA: 
Tlow<D 
to Th,gh ® 
I 


Output 
Impedance 
Zo 
- 
3Q 
- 
- 
30 
- 
Il 
(':20Hzl 


Inpu t Impedance 
z, 
150 
400 
- 
50 
150 
- 
~Il 
(f:20Hzl 


Output 
Voltage Range 
VOR 
Vpeak 
(RL 
= 10 kill 
+12 
t14 
- 
± 12 
±14 
- 


IRL 
= 20kHl 
+ 10 
t13 
- 
- 
- 
- 
I 


Input Common-MOde Voltage 
Range 
VICR 
t8.0 
tl0 
- 
t80 
,10 
- 
V eak 
Common·Mode 
Rejection 
RatiO 
CMRR 
70 
100 
- 
65 
100 
- 
8 


Input 
BIas Current 
118 
A 


~ 
11 + 12) 
IT A = +250CI 
- 
02 
05 
- 
0.4 
1.5 


118'-2- 


ITA" 
TlowG)1 
- 
0.5 
1 5 
- 
- 
2.0 


Input Offset Current 
110 
~A 


(110 
= 11 - 121 
- 
005 
02 
- 
0.05 
05 


(110 = 11 -12. TA = TlowG) 
1 
- 
- 
05 
- 
- 
0.75 


(110 = 11 -12, TA = Th,ghQ)1 
- 
- 
02 
- 
- 
0.75 


Input Offset Voltage 
VIO 
n V 
IT A - +250CI 
- 
10 
50 
- 
1.0 
75 


ITA 
= TlowG)1O 
Th,gh®1 
- 
- 
60 
- 
- 
10 


Step 
Response 


~GaIn 
0; 100. 5°'0 overshoot, 
I 
tTLH 
- 
0.8 
- 
- 
08 
- 


"r· 


Rl 
-' 1 k!l. 
R2 - 100k~l, 
tPLH·IPH L 
- 
038 
- 
- 
038 
- 


IR3 
15k'!,Cl-l00pF,C2 
30 PF! 
SR 
- 
12 
12 
- 
- 
- 


(Gam::; 
10. 10"0 overshoot, 
I 
tTLH 
- 
06 
- 
- 
06 
- 


tAl 
lkS!.R2 
10kl!. 
I 


tPLH'PH 
L 
- 
034 
- 
- 
034 
- 


R3 -1.5 
kCl,Cl' 
500pF,C2 
= 20pF 
SR 
- 
1 7 
- 
- 
1 7 
- 
VY"' 


, Gain 
= 1, 5"'0overshoot, 
1 
tTLH 
- 
22 
- 
- 
22 
- 
~: 
Rl 
= 10k!!. 
R2 = 10k!!, 
tPLH·tPHL 
- 
13 
- 
- 
1 3 
- 
IR3 - 15k'! 
Cl 
= 5000pF, C2 = 200PFI 
SR 
- 
025 
- 
- 
025 
- 
Vr"' 
Average Temperature 
CoeffiCient 
of 
.c.V'O/.c.T 
IJ~JOC 
Input Offset Voltage 
{RS -' 50 H. TA - T10w CD 
to ThIgh Q)l 
- 
1 5 
- 
- 
15 
- 


(RS~10k!l, 
TA 
TlowQ)IOTh'9h 
Q)I 
- 
30 
- 
- 
30 
- 


Average Temperature 
CoeffiCIent of 
.o.ltO/.o.T 
nAloe 


Input Offset Voltage 


(TA = Ttow(Dto 
+250CI 
- 
07 
- 
- 
0.7 
- 


IT A : +250C to Th,gh Q) 
- 
0.7 
- 
- 
0.7 
- 


DC Power Consumption 
(Totall 
Pc 
- 
160 
225 
- 
160 
225 
mW 
(Power Supply,: 
± 15 V. Vo = OJ 


Positive Supply Sensitivity 
PSS+ 
- 
10 
150 
- 
10 
200 
"i 


lV 


(VEE constant) 


Negative Supply Sensitivity 
PSS- 
- 
10 
150 
- 
10 
200 
" 


IV 
I V"" 
constantl 


CD T,ow" 
oOe 
for 
MC1437 
(3)Th,gh. 
t700C 
for 
MC1437 


MATCHING 
CHARACTERISTICS 


• 
_550e 
for 
MC1537 
• 
+ 12S0C 
f 
r MC1537 


Open Loop Voltage Gain 
AVOL I·AVOL2 
- 
±1.0 
- 
- 
±1.0 
- 
8 


Input Bias Current 
1181.1182 
- 
±0.15 
- 
- 
±0.15 
- 
,A 


Input Offset Current 
1101.1102 
- 
±0.02 
- 
- 
±0.02 
- 
,A 


Average Temperature Coefficient 
01101 
01102 
- 
±0.2 
- 
- 
±0.2 
- 
nA °C 
l--;;r 
I· I---,;y-I 


Input Offset Voltage 
V101,V102 
- 
±0.2 
- 
- 
±0.2 
- 
"1V 


Average Temperature Coefficient 
oVIOl 
oVI02 
- 
±0.5 
- 
±0.5 
"V('C 
I~I'I~I 
- 
- 


Channel Separation 
eol 
(, = 10 kHz) 
e02 
- 
90 
- 
- 
90 
- 
8 


II 


+14 


Ii 
+12 


~ 
+10 


~ 
+8.0 


~ 
+6.0 


~ 
+4.U 


~ 
+2.0 
:; 
0 
o 
> -2.0 
>- 
~ -4.0 


~ -6.0 
oa: -8.0 
~ 
-10 
-12 
-14 
10 


100 


'" 


BO 


z 
;;: 
co 
60 
w 
co..:; 
0 
40 
> 
-"0>.. 
20 


FIGURE 
3 - TEST CIRCUIT 


VCC = +15 Vdc. VEE = 15 Vdc. TA = 25°C 


TEST 
CONOITIONS 
OUTPUT 


FIGURE 
CURVE 
VOLTAGE 
NOISE 
NO. 
NO. 
GAIN 
R,I"! 
R21n1 
R31!l1 
CllpFI 
C2lpFl 
(mVO"msJ) 


4 
1 
1 
10 k 
10k 
1.5k 
5.0 k 
100 
0.10 


1 
10 
10 k 
100 k 
1.5k 
500 
10 
0.14 


3 
100 
10k 
lOM 
1.5k 
100 
3.0 
0.7 


4 
1000 
1.0k 
I.OM 
0 
I 
10 
3.0 
5.1 


5 
1 
1 
10k 
10k 
1.5k 
S.Ok 
100 
0.10 


1 
10 
10k 
lOOk 
1.5k 
500 
10 
0.14 


3 
100 
10k 
1.0 M 
1.5k 
100 
3.0 
0.7 


4 
1000 
1.0k 
1.0 M 
0 
10 
3.0 
5.2 


6 
1 
AVOL 
0 
~ 
1.5k. 
5.0 k 
100 
55 
1 
AVOL 
0 
~ 
15k 
500 
10 
10.5 


3 
AVOL 
0 
~ 
l.5k 
100 
3.0 
21.0 


4 
AVDL 
0 
~ 
0 
'0 
30 
39.0 


5 
AVOL 
0 
~ 
~ 
0 
30 
- 


- 
111111 
Y =~ ~1jt 
- 
111111 
I 
-- 
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2+40 
;;: 
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- 50 


10 


CAUTION, 
ADDITIONAL 
POWER 


DISSIPATION 
RESULTING 
FROM 


DRIVING 
LOW 
IMPEDANCE 
LOADS 
__ 


MUST 
BE ADDEO 
TO 
THE 
ABOVE 


CURVE 


300 


~ 
200 
zo 


~ 
100 
~ 
z8 
50 
<r 


~ 
30 


~ 
20 


1.0 k 
2.0 k 
5.0 
k 10 k 


I, FREQUENCY 
IH'I 


~ 
z 
~ 
90 
w 
'"; 
o> 
80 


oo 
z 


o 
70 


-"o>« 


:;+06 
E 


~ 
+0.4 


~ 
~ +0.2 
'"; 
o>•.. 


~ 
-0.2 


o 
~ 
-0.4 


6 -0.6 
;;-.., 


-0.8 


-60 
-40 
-10 


I 
111111 


I 
I 
I 


~ 
18 


~ 
16 
'"z 
14 
~ 


'" 
11 


~ 
10 


0> 
0>" 
Zo"8} 


~ 
0 
o 


~ 
oz•.. 
'"g 
1.0 


RS 


'V 
ein 
1.0 vJms 
-= 


RS 


•out2 
-= 


Induced 
output 
signal (IJ.V of induced 
output 
signal i 


amplifier 
112 per volt 
of output 
signal at amplifier 
#1 


• 


MC1439G 
MC1439P1 
MC1539G 


.amperalure 
"8nge 


O'C to +70'C 
O'C to +70OC 
-55'C 
to +125OC 


"HeKBge 


Metal Can 
Plastic DIP 
Metal Can 


· .. designed 
for use as a summing 
amplifier. 
integrator. 
or am- 
plifier with operating 
characteristics 
as a function 
of the external 
feedback components. 


• 
Low Input Offset Voltage - 
3.0 mV max 


• 
Low Input Offset Current - 
60 nA max 


• 
Large Power-Bandwidth 
- 
20 Vp-p Output Swing at 20 kHz min 


• 
Output 
Short-Circuit 
Protection 


• 
Input Over-Voltage 
Protection 


• 
Class AB Output for Excellent 
Linearity 


• 
High Slew Rate - 
34 V/p.s typ 


+15 V ·15 V 


Vcc 
vEE 


FIGURE 2 - OUTPUT NULLING CIRCUIT 


~VZ-2.1 
V 


-0.7 
V 


'0 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


G SUFFIX 
METAL 
PACKAGE 
CASE 
601-04 


P1 SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 
(MC1439 
Only) 


compen..,,"n]B" 
Compen",,"n 


Inll.l,.,put 
2 
- 
7 
VCC 


Non-In",. 
Input 
3 
+ 
6 
Output 


VEe 
4 
5 
Output 
L.g 


MC1439, MC1539 


ELECTRICAL 
CHARACTERISTICS 
IVcc 
= +15 Vde, VEE = -15 Vde, TA = +250C unlessotherwise noted.! 


MC1S39 
MC1439 


U~it 
Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 


Input 
Bias Current 
"B 
~A 


ITA = +2SoC! 
- 
0.20 
0.50 
- 
0.20 
1.0 


ITA = T'owG)) 
- 
0.23 
0.70 
- 
0.23 
1.5 


I nput 
Offset Current 
11101 
nA 


ITA = T'owl 
- 
-- 
75 
- 
- 
150 


ITA = +250C! 
- 
20 
60 
- 
20 
100 


ITA =ThighG)1 
- 
-- 
75 
- 
- 
150 


Input Offset Voltage 
IV,ol 
mV 


ITA = +250C! 
- 
1.0 
3.0 
- 
2.0 
7.5 


IT A = T,ow, Thigh) 
- 
- 
4.0 
- 
- 
-- 


Average Temperature 
Coefficient 
of Input 
I TCV,O I 
~V)oC 


Offset Voltage IT A = Tlow to Thigh) 


IAS=50!l1 
- 
3.0 
.. 
.. 
3.0 
- 


IAS510 
knl 
.. 
5.0 
- 
- 
5.0 
.. 


Input Impedance 
zin 
150 
300 
-- 
100 
300 
- 
kll 


II = 20 HzI 


Input Common-Mode 
Voltage Range 
V'CA 
±11 
+12 
- 
±11 
±12 
- 
Vclk 


Equivalent 
I nput 
Noise 
Voltage 
en 
- 
30 
- 
- 
30 
nV/I~z!Y, 


(RS -= 10 kn, Noise Bandwidth 
= 1.0 Hz, 


1= 1.0 kHz) 


Common-Mode 
Rejection 
RatiO 
CMAA 
80 
110 
- 
80 
110 
d 


II = 1.0 kHz! 


Open-Loop Voltage Gain (Vo= 
± 10 V, R L -= 
AVOL 


lOkll,A5==! 
IT A 
-= +2S0C to Thigh) 
50,000 
120,000 
- 
15,000 
100,000 
- 


(T A:: 
Tlowl 
25,000 
100,000 
.. 
15,000 
100,000 
- 


Power Bandwidth 
IAv - 1, THO'=:; 5%, 
PBW 
T 
Va = 20 Vp·p! 


IAL = 2.0kH) 
- 
- 
10 
50 


IAL= 
1.0k!l,A5= 
10k! 
20 
50 
.. 
, 


Step Response 


{ 
Gain = 1000, no overshoot, 
} 
tTHL 
- 
130 
- 
- 
130 
n 


Al = 1.0kH, A2 = 10 MH, A3 = 1.0kH, 
tpd 
.. 
190 
- 
190 
n 


A4 = 30 kH, AS = 10 kH, Cl = 1000 pF 
SA 
6.0 
6.0 
VI 
s 


f Gain = 1000, 15% overshoot, 
} 
tTHL 
- 
80 
80 
- 
n 


Al = 1.0kH, A2 = 1.0 MH, A3= 1.0kH, 
tpd 
- 
100 
- 
100 
- 
n 


A4 =0, A5= 10kH, Cl = 10 pF 
SA 
-- 
14 
- 
14 
VI 
s 


{ 
Gain = 100, no overshoot, 
} 
tTHL 
- 
60 
60 


Al = 1.0 kH, A2 = 100kH, A3 = 1.0 kll, 
tpd 
.. 
100 
.. 
.. 
100 


Vi' 
A4= 10kH, 
A5= 10kH,Cl 
= 2200pF 
SA 
- 
34 
-- 
34 


{ 
Gain = 10, 15% overshoot, 
} 
tTHL 
- 
120 
- 
120 
.. 


Al =1.0kH,A2=10kH,A3=1.0kH, 
tpd 
-- 
80 
.. 
.. 
80 


vfs 
A4 = 1.0 kH, AS = 10 kH, Cl = 2200 pF 
SA 
.. 
6.25 
- 
- 
6.25 


{ 
Gain = 1, 15% overshoot, 
} 
tTHL 
-- 
160 
.. 
- 
160 


Al = 10 kH, A2 = 10 kH, A3 = 5.0 k!l, 
tpd 
- 
80 
.. 
.. 
80 
.. 
ns 


A4 = 390 H, AS = 10 kH, Cl = 2200 pF 
SA 
-- 
4.2 
- 
- 
4.2 
-- 
VI 
s 


Output 
Impedance 
Zo 
- 
4.0 
.- 
.. 
4.0 
k I 
II = 20 Hz! 


Output Voltage Swing 
Vo 
" 


k 


IAL = 2.0 kll, 
I = 1.0 kHz! 
- 
- 
.. 
±10 
±13 
- 


IAL = 1.0 k!l, 
I = 1.0 kHz! 
±10 
±13 
- 
- 
- 


Positive Supply Rejection Ratio 
PSAA+ 
- 
50 
150 
.. 
50 
200 
~ IV 


(VEE constant, R5 = 01:1 


Negative Supply Rejection Ratio 
PSAA- 
- 
50 
150 
.. 
50 
200 
~ IV 
IVCC constant, R5 = (0) 


Power Supply Current 
(Vo = 01 
'cc 
- 
3.0 
5.0 
- 
3.0 
6.7 
m 
de 


lEE 
- 
3.0 
5.0 
- 
3.0 
6.7 


Q)Tlow'" 
COC for MC1439 


- 
55°C 
for MC1S39 


Rating 
Symbol 
Value 
Unit 


Power Supply 
Voltage 
VCC 
+18 
Vdc 


Vee 
+18 


Differential 
Input 
Voltage 
Range 
VIDR 
±IVCC 
+ IVee11 
Vdc 


Common·Mode 
Input 
Voltage 
Range 
VICR 
+Vcc.-!Veel 
Vdc 


Load Current 
IL 
15 
mA 


Output 
Short-Circuit 
Duration 
ts 
Continuous 


Power Dissipation 
(Package Limitation) 
Po 
Metal 
Package 
680 
mW 


Derate above T A = +250C' 
4.6 
mW/oC 


Plastic Dual In-Line 
Packages MC1439 
625 
mW 


Derate above T A = +250C 
5.0 
mW/oC 


Operating 
Temperature 
Range 
MC1539 
TA 
-55 to +125 
uc 


MC1439 
o to +70 


Storage Temperature 
Range 
Tstg 
°c 


Metal 
Packages 
-65 
to +150 


Plastic Packages 
-55to+125 


flGUAE 
CUAVE 
VOLTAGE 
TEST 
CONOITIONS 
IflGUAE 
61 


NO. 
NO 
GAIN 
R '0' 
A~ llll 
R 
IIll 
A. 
Inl 
AI; Inf 
c 
Ipfl 
, 
A~QI 
, 
~ 
, 
~ - 
, 
, 
, 
'" 
'" 
". 
,,, 
'" 


2200 
, 
" 
". 
'" 
," 
". 
". 
2100 


110.1':1 
'" 
," "" 
," 
'" 
". 
noo 
, 
'000 
". 
"M 
," 
,,, 
'" 
'000 
· 


'000 
," 
"M 
". 
, 
". 
" 
. 
, 
T I I I 


~ I 


, 
, 
,., 
noo 
, 
". 
noo 
· 
'" 
noo 
, 
,,, 
'000 
· 
, 
" 
" 
.., 
, 
'" 
'" '" 
,,, 
'" 
noo 
.. 
AU 
" 
," 
'" 
," ". 
'" 
noo 
" 
.., 
'00 
," 
lOOk 
," 
'" 
". 
noo 
" 
.., 
'000 
," 
"M 
," ". 
'" 


2200 


TYPICAL 
CHARACTERISTICS 
(continued) 


(VCC = +15 Vdc, VEE 
= -15 
Vdc, T A = +250C, unle •• otherwise 
noted.l 
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FIGURE 
8 - 
OPEN·LOOP 
VOLTAGE 
GAIN yorsus FREQ 
IENCY 
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FIGURE 
12 - 
CLOSED-LOOP 
GAIN 
versus 
FREOUENCY 
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TYPICAL 
CHARACTERISTICS 
Icontinuedl 


(VCC = +15 Vdc. VEE = -15 
Vdc. T A = +250C. unless otherwise 
noted.) 
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FIGURE 
15 - ACL ~ 100 RESPONSE versus TEMPERATURE 
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FIGURE 
16 - ACL: 
1000 RESPONSE versus TEMPERATURE 
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TYPICAL 
CHARACTERISTICS 
(continued) 


evCC= 
+15Vdc, 
VEE 
= -15Vdc. 
TA 
= +2S0C. 
unless otherwise 
noted.) 


FIGURE 
19 - POWER DISSIPATION 
versus TEMPERATURE 
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FIGURE 
31 - 
REGULATOR 
OUTPUT 
VOLTAGE 
(under pulsed load condition) 
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DIP 


GATE CONTROLLED 
TWO CHANNEL 
INPUT 
WIDEBAND 
AMPLIFIER 


... 
designed 
for 
use as a general 
purpose 
gated 
wideband 
amplifier, 


video 
switch, 
sense 
amplifier, 
multiplexer, 
modulator, 
FSK 
circuit, 


limiter, 
AGC 
circuit, 
or 
pulse 
amplifier. 
See 
Application 
Notes 


AN491 
for 
design 
details. 


• 
Large 
Bandwidth; 
50 MHz 
typical 


• Channel-Select 
Time 
of 
20 ns typical 


• 
Differential 
Inputs 
and 
Differential 
Output 


TYPICAL 
APPLICATIONS 


VIDEO SWITCH DR 
DIFFERENTIAL 
AMPLIFIER 
WITH AGC 


....., 


Channel 
2 
Input 


....., 


Carrier 
Input 


....., 


"" 


Signal 
Input 


.,.".1..•..•." 
MC1545 


GATE CONTROLLED 
TWO CHANNEL 
INPUT 
WIDEBAND 
AMPLIFIER 


51LICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


G SUFFIX 
METAL 
PACKAGE 


CASE 
603-04 


(Top 
View) 


~1~~riflT¥r 


1 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
632-08 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
+12 
Vdc 


VEE 
-12 
Vdc 


Input Differential 
Voltage Range 
VIDR 
'5.0 
Volts 


Load Current 
IL 
25 
mA 


Power Dissipation (Package Limitation) 
Po 
Ceramic Dual In-Line Package 
625 
mW 
Derate above T A = +250C 
5.0 
mW/oC 


Metal Can 
680 
mW 
Derate above T A = +250C 
4.6 
mW/oC 


Operating Ambient Temperature 
Range 
MC1445 
TA 
o to +75 
°c 
MC1545 
-55 to + 125 


Storage Temperature 
Range 
Tstg 
-65 to + 150 
°c 


MC1545 
MC1445 


Characteristic 
Fig. No. 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Srngle·Ended Voltage Gain 
1,12 
Avs 
16 
19 
21 
16 
19.5 
23 
dB 


Bandwidth 
1,12 
BW 
40 
50 
- 
- 
50 
- 
MHz 


Input Impedance 
5,14 
z; 
4.0 
10 
- 
3.0 
10 
- 
k ohms 
If 
= 50 kHzl 


Output 
Impedance 
6,15 
zo 
- 
25 
- 
- 
25 
- 
Ohms 


If = 50 kHzI 


Output Differential 
Voltage Range 
4,13 
VODR 
1.5 
2.5 
- 
1.5 
2.5 
- 
Vp·p 


IRL 
= 1.0 k ohm, 
f = 50 kHzl 


Input Bias Current 
16 
liB 
- 
15 
25 
- 
15 
30 
,uAdc 


Input Offset Current 
16 
110 
- 
2.0 
- 
- 
2.0 
- 
,uAdc 


Input Offset Voltage 
17 
VIO 
- 
1.0 
5.0 
- 
- 
7.5 
mVdc 


QUiescent Output dc Level 
17 
Vo 
- 
0.1 
- 
- 
0.1 
- 
Vdc 


Output de Level Change 
17 
"Vo 
' 15 
- 
- 
,15 
- 
mV 
(Gate Input Voltage Change: +5.0 V to 0 VI 


Common-Mode 
RejectIon Ratio 
9,18 
CMRR 
- 
85 
- 
- 
85 
- 
dB 
If 
= 50 kHzI 


Input Common-Mode 
Voltage Range 
18 
VICR 
- 
,2.5 
- 
- 
,2.5 
- 
Vp 


Gate Characteristics 
8 
VILIGI 
0.40 
0.70 
- 
0.2 
0.4 
- 
Vdc 
Gate Input Voltage - 
Low Logic State (Note') 


Gate Input Voltage - 
High Logic State (Note 2) 
VIHIGI 
- 
1.5 
2.2 
- 
1.3 
3.0 


Gate Input Current - 
Low LogiC State 
18 
IILlGI 
- 
- 
2.5 
- 
- 
4.0 
mA 
IVILIG) 
= 0 VI 


Gate Input Current - 
High Logic State 
18 
IIHIG) 
- 
- 
2.0 
- 
- 
4.0 
~A 
IVIHIGI 
= +5.0 VI 


Step Response 
19 
tPLH 
- 
6.5 
10 
- 
6.5 
- 
ns 


(ein = 20 mVI 
tpHL 
- 
6.3 
10 
- 
6.3 
- 


tTLH 
- 
6.5 
15 
- 
6.5 
- 


tTHL 
- 
7.0 
15 
- 
7.0 
- 


Wideband Input Noise 
10,20 
en 
- 
25 
- 
- 
25 
- 
,uV(rms) 


15.0 Hz - 
10 MHz, RS = 50 ohms) 


DC Power Consumption 
11,20 
Pc 
- 
70 
110 
- 
70 
150 
mW 


Note 1. VILIGI 
is the gate voltage which results in channel A gain of unity or lessand channel B gain of 16 dB or greater. 


Note 2. VI H(GI is the gate voltage which results in channel B gain of unity or lessand channel A gain of 16 dB or greater. 
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FIGURE 
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FIGURE 
7 - 
CHANNEL 
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versus 
FREOUENCY 
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FIGURE 
12 - 
SINGLE·ENDED 
VOLTAGE 
GAIN 
AND 
BANDWIDTH 
TEST 
CIRCUIT 


CL'" 
15 pF and 
includes 
jig 
and voltmeter 
capacitance. 


Boonton 
RF 
Voltmeter 


or EQuivalent 


Rl 
100 
k 
10 Turns 


~VO 
= Change 
In V2 
Reading 


Switch 
5, 
and readjust 
R, for V,=O 


f=50kHz 


Vi 
= 50 mV(rms) 


pf~ 


~ 
I 


IL 
_ 
1 


110 is the 
difference 
in current 
reading 
when either 
$1 or $2 


is switched. 


FIGURE 18 - 
GATE CURRENT 
(HIGH AND LOW), 


COMMON-MODE 
REJECTION AND 
COMMON-MODE INPUT RANGE TEST CIRCUIT 


CMRR 
:: 20 l09[AvsJ 


Ave 


Scope 
- 


Tektronix 
567 
or equiv 


Vi = 20 mV 


tTLH 
= tTHL 
< 5.0 
ns 


:::r.: CL 
-= 
To "B" 
Channel 


of Scope 
CL 


~!-tPHL 
J'U70 
\L 


. 
I 


True 
rms Voltmeter 


with 
Bandwidth 
of 


5.0 
Hz to 
10 MHz 


•• 
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> 
'" 40 
~ 
>~ 30 
"~~" 
0;;,! 


05 
~ 


fI 


Device 


MC1454G 
MC1554G 


Temperature 
Renge 


O°C to +700c 
-55OC to +125OC 


Package 


Metal Can 
Metal Can 
MC1454G 
MC1554G 


... 
designedto amplify signalsto 30Q.kHz with 
I-Watt deliveree to a direct coupled or capac- 
itively coupled load. 


• 
Low Total Harmonic Distortion - 0.4% (Typ) @ I Watt 


• 
Low Output Impedance- 0.2 Ohm 


• 
Excellent Gain - Temperature Stability 


1·WATT 
POWER AMPLIFIER 
INTEGRATED CIRCUIT 


SILICON MONOLITHIC 
EPITAXIAL 
PASSIVATED 


o~~:~~P@)~t 
v~c ~utPu:x..,n" 


Compensation 


Bias Ref.' 
, 
VeE 


10 1 
~ 
Extern.1 
Gain 
CompenMtlon 
Options 
(top 
view) 


G SUFFIX 
METAL 
PACKAGE 
CASE 
603C-OI 


35 


30 
! 25 
z~ 
20 
w 
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15 
> 
J 
10 


5.0 


G.ln'Option '1 
AV236VIV 


...-V 
ri.I. 


1 


0 


1 
''iO'12 
18 V/V 


...-V 
~i~ ~~'iO' #3 
lOVN 


....... 
V 


Pout 
7. 1.0 W(rms) 


Rl' 
16 OHMS 


VCC"6V 
{Set Figu•• 11 
. 
"I 
1 


.} 
IIIll11oA1. 


COIlP(lISAt 
•• 
, 


~ 
16 


~ 
14 


~ 
12 
> 


~ 
10 


~ 
8.0 


~ 
6.0 


4.0 
1.0 


ELECTRICAL 
CHARACTERISTICS 
(TC = +250C unless otherwise noted) 


Frequency 
compensation 
shown 
in Figures 
6 and 7. 


MC1554 
MC1454 


RL 
G.in 
(-55 to +1250C) 
(0 to +700C) 


Ch.r.cteristic 
Figure 
(Ohms) 
Option- 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Mo" 
Unit 


Output 
Power (f01" 80ut<5.0% 
THO) 
1 
16 
- 
Pout 
1.0 
1.1 
- 
- 
1.0 
- 
Watt 


Power 
Dissipation 
(@Pout= 
1.0 WI 
1 
16 
- 
Po 
- 
0.9 
1.2 
- 
0.9 
- 
Watt 


Voltage Gain 
1 
16 
10 
Av 
8.0 
10 
12 
- 
10 
- 
VIV 
16 
18 
- 
18 
- 
- 
18 
- 


16 
36 
- 
36 
- 
- 
36 
- 


I"put Impedance 
1 
- 
10 
zin 
7.0 
10 
- 
3.0 
10 
- 
kn 


Output 
Impedance 
1 
- 
10 
Zo 
- 
0.2 
- 
- 
0.4 
- 
n 


Power Bandwidth 
2 
16 
10 
BW 
- 
270 
- 
- 
270 
- 
kHz 
Ifor 'ou.<5.0% 
THO) 
16 
18 
- 
250 
- 
- 
250 
- 


16 
36 
- 
210 
- 
- 
210 
- 


Total Harmonic Distortion 
2 
THO 
% 
(for ein<O.05% THO, f = 20 Hz 


to 20 kHz) 
Pout"" 
1.0 Watt binewave) 
16 
10 
- 
O.a 
- 
- 
0.4 
- 
Pout 
= 0.1 Watt lsinewavel 
16 
10 
- 
0.5 
- 
- 
0.5 
- 


Zero Signal Current Drain 
3 
00 
- 
10 
- 
11 
15 
- 
11 
20 
mAde 


Output 
Noise 
Voltage 
3 
16 
10 
Vn 
- 
0.3 
- 
- 
0.3 
- 
llVlrms 


Output 
Quiescent 
Voltage 
4 
16 
- 
Vo Ide) 
- 
±10 
±30 
- 
±10 
- 
mVdc 


(Split 
Supply 
Operation) 


Positive Supply Sensitivity 
5 
00 
- 
S+ 
- 
-40 
- 
- 
-40 
- 
mVIV 


(V F E constant) 


Negative Supply Sensitivity 
5 
00 
- 
S 
- 
-40 
- 
- 
-40 
- 
mV/V 


(Vee constant) 


-To 
obtain 
the 
voltage 
gain characteristic 
desired, 
use the 
following 
pin connections: 
Voltage 
Gain 


10 
18 
36 


Pin Connection 


Pins 
2 and 
4 open, 
Pin 5 to ac ground 
Pins 2 and 
5 open, 
Pin 4 to ac ground 
Pin 2 connected 
to Pin 5, Pin 4 to K ground 


Characteristic 
Definitions 
(Linear Operation) 


~ 


' 
I 
, 


~ 
~I~ 


R, 
I 


-IV 
V' 
",,' ~''f" 


...._L\Q_ l_ov" 


12 v~. 
~ 


II 


Rating 
Symbol 
Value 
Unit 


Total Power Supply Voltage 
IVCCI + IVEEI 
18 
Vdc 


Peak Load Current 
lout 
0.5 
Ampere 


Audio Output 
Power 
Pout 
1.8 
Watts 


Power Dissipation 
(package limitation) 
TA = +250C 
Po 
600 
mW 
Derate 
above 
25°C 
1/8JA 
4.8 
mW/oC 


TC=+250C 
Po 
1.8 
Watts 


Derate 
above 
2SoC 
1/8JC 
14.4 
mW/oC 


Operating Temperature 
Range 
MC1454 
TA 
o to +70 
°c 


MC1554 
-55 to +125 


Storage 
Temperature 
Range 
Tstg 
-55 to +150 
°c 


TYPICAL 
CONNECTIONS 
FIGURE 
6 - SPLIT SUPPLY OPERATION 
VOLTAGE 
FIGURE 
7 - SINGLE 
SUPPLY OPERATION 
VOLTAGE 
GAIN 
IAVI 
= 10,ILOW"'25 
Hz 
GAIN 
(AVI = 10, ILOW'" 
100 Hz 


In order 
to avoId 
local 
VHF 
instability. 
the 
following 
set of 
rules 
must 
be 
adhered 
to' 


1. 
An R·C stabilizing 
network 
(0.1 
!IF 
In series 
with 
10 ohms) 
should 
be 
placed 
directly 
from 
pin 9 to ground. 
as shown 
In FIgures 
6 and 
7. uSing 
short 
leads. 
to eliminate 
local 
VHF instability 
caused 
by lead 
inductance 


to the load 


Excessive 
lead inductance 
from 
the VCC supply 
to pin 
10 can cause 
high 
frequency 
instability. 
To prevent 
this. 
the 
Vccby·pass 
capacitor 
should 
be connected 
with 
short 
leads 
from 
the VCCPIn 
to ground. 
If this 
capac;· 
tor is remotely 
located 
a series 
R·C network 
(0.1 
!IF and 
10 ohms) 
should 
be used 
directly 
from 
pin 
10 to ground 
as shown 
in Figures 
6 and 
7 


3. 
Lead 
lengths 
from 
the 
external 
components 
to pins 
7. 9. and 
10 of the 
package 
should 
be as short 
as possible 
to Insure 
good 
VHF grounding 
for these 
points. 


Due to the 
large 
bandwidth 
of the 
amplifier, 
coupling 
must 
be avoided 
be· 


tween 
the 
output 
and 
Input 
leads. 
This 
can 
be assured 
by either 
(a) use of 
short 
leads which 
are well 
Isolated. 
(b) narrow· 
banding 
the overall 
amplifier 
by placing 
a capacitor 
from 
pin 1 to ground 
to form 
a low· pass filter 
in com 
bination 
with 
the source 
Impedance. 
or (c) 
use of a shielded 
Input 
cable. 
In 
applications 
which 
require 
upper 
band·edge 
control 
the 
Input 
low-pass 
filter 
IS recommended. 


TYPICAL 
CHARACTERISTICS 


FIGURE 
8 - TOTAL 
HARMONIC 
DISTORTION 
FIGURE 
9 - TOTAL 
HARMONIC 
DISTORTION 
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II 


Temperature 
Ranga 


O°C to 
+ 70°C 


O°C to 
+70°C 


- 55°C to 
+ 125°C 


- 55°C to 
+ 125°C 


Package 


Metal 
Can 
Plastic 
DIP 
Metal 
Can 
Ceramic 
DIP 


MC1456G,CG 


MC1456CP1,P1 
MC1556G 
MC1556U 


INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATONAL AMPLIFIER 


· .. designed 
for use as a summing 
amplifier, 
integrator, 
or am- 
plifier with operating 
characteristics 
as a function 
of the external 
feedback components. 


• 
Low Input Bias Current - 
15 nA max 


• 
Low Input Offset Current - 
2.0 nA max 


• 
Low Input Offset Voltage - 
4.0 mV max 


• 
Fast Slew Rate - 
2.5 V/p.s typ 


• 
Large Power Bandwidth 
- 
40 kHz typ 


• 
Low Power Consumption 
- 
45 mW max 


• 
Offset Voltage 
Null Capability 


• 
Output 
Short-Circuit 
Protection 


• 
Input O;/er-Voltage 
Protection 


o 


-55 
-25 
0 
+25 
+50 
+75 
+100 
+125 


lA. AMBIENT TEMPERATURE 
{OCI 


MC1456 
MC1456C 
MC1556 


OPERATIONAL 
AMPLIFIER 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


G SUFFIX 
METAL 
PACKAGE 
CASE 
601-04 


P1 SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


U SUFFIX 
CERAMIC 
PACKAGE 


CASE 
693-02 


Of"., Null8~ 
8 
N.C. 


In.., 
Input 
2 
_ 
7 
Vcc 


Non·ln",. 
3 
- 
6 
Output 
Input 


VEE 
4 
5 
Offset 
N.dl 


MAXIMUM 
RATINGS 
(TA - +250C 
unless otherwise 
noted) 
MC1456 


Rating 
Svmbol 
MC1S56 
MC1456C 
Unit 


Power Supplv 
Voltage 
Vee 
+22 
+18 
Vd, 


VEE 
-22 
-18 


Differential 
Input 
Voltage 
Range 
VIDA 
:!VCC 
Volts 


Common-Mode 
Voltage 
Range 
VieR 
i.Vcc 
Volts 


load 
Current 
'L 
20 
mA 


Output 
Short Cifcuit 
Duration 
ts 
Continuous 


Power Dissipation 
(Package Limitationl 
Po 
680 
mW 


Derate 
above 
T A '" •.25°C 
4.6 
mWfJC 


Operating 
Temperature 
Range 
TA 
-5510+125 
o to +70 
°e 


Storage Temperature 
Range 
Tng 
-65 
to +150 
I 
-65 to +150 
°e 


MC1556 
MC1456 
MC1456C 


Char.et.inic 
Fig. 
Symbol 
Min 
Ty, 
•••• 
Min 
Ty, 
•••• 
Min 
Ty, 
•••• 
Unit 


Input 
8.as Current 
"B 
nAdc 


TA ~ +2SoC 
- 
8.0 
15 
- 
15 
30 
- 
15 
90 


TA:: 
TloIN to Thigh (See Note 1) 
- 
- 
30 
- 
- 
40 
- 
- 
- 


Input 
Offset Current 
"0 
nAdc 


TA=+250C 
- 
1.0 
2.0 
- 
5.0 
10 
- 
5.0 
30 


T A = +2SoC to Thigh 
- 
- 
3.0 
- 
- 
14 
- 
- 
- 


T A = Tlow 
to +2SoC 
- 
- 
5.0 
- 
- 
14 
- 
- 
- 


Input Offset 
Voltage 
V,O 
mVdc 


T A = +2SoC 
- 
2.0 
4.0 
- 
5.0 
10 
- 
5.0 
12 


T A = Tlow 
to Thigh 
- 
- 
6.0 
- 
- 
14 
- 
- 
- 


Differential 
Input 
Impedance 
IOpen-Loop. 
f "" 20 Hz) 


Parallel Input 
Resistance 
'p 
- 
5.0 
- 
- 
30 
- 
- 
3.0 
- 
Megohms 


Parallel Input 
Capacitance 
'p 
- 
6.0 
- 
- 
6.0 
- 
- 
6.0 
- 
pF 


Common-Mode 
Input 
Impedance 
(f •• 20 Hzl 
'. 
- 
250 
- 
250 
- 
250 
- 
Megohms 


Common-Mode 
Input 
Voltage Range 
1 
VICR 
±12 
±13 
- 
," 
±12 
- 
tl0.& 
±12 
- 
Vpk 


Equivalent 
Input 
Noise Voltage 
2 
en 
nV/(Hz)V. 


IAV" 
100, Rs" 
10 k ohms, f •• 100kHz, BW= 1.0 Hzl 
- 
45 
45 
- 
- 
45 
- 


Common-Mode 
Rejection 
Ratio If •• 100 Hz) 
3 
CMAR 
80 
110 
- 
70 
110 
- 
- 
110 
- 
dB 


Open-Loop 
Voltage Gain, 
IVO" 
± 10 V, AL: 
20 
k ohmsl 
4,&,6 
AVOL 
V!V 


TA = +25oC 
100,000 
2OO.00c 
- 
70,000 
loo.00c 
- 
2&,000 
loo.OOC 
- 


TA = Tlow to Thi~ 
40,000 
- 
- 
40,000 
- 
- 
- 
- 
- 


P01NerBandwidth 
9 
BWp 
- 
40 
- 
- 
40 
- 
40 
- 
kH, 


(AV" 
" 
Rl" 
2.0 k ohms, THD~&%, 
Vo 
'" 20 Vp·pl 


Unity 
Gain Crossover Frequencv 
(open-loop) 
5 
BW 
- 
1.0 
- 
- 
1.0 
- 
- 
1.0 
- 
MH, 


PhltSeMargin (open-loop, 
unity 
gainl 
5.7 
- 
70 
- 
- 
70 
- 
- 
70 
- 
degrees 


Gain Margin 
5.7 
- 
18 
- 
- 
18 
- 
- 
18 
- 
dB 


Slew Aate (Unity 
Gain) 
SA 
- 
2.5 
- 
- 
2.5 
- 
- 
2.5 
- 
V/lJs 


Output 
Impedance 
If = 20 Hz) 
'0 
- 
1.0 
2.0 
- 
1.0 
2.5 
- 
1.0 
- 
kohms 


Short-Circuit 
Output 
Current 
8 
'OS 
- 
-17, +9. 
- 
- 
-17 • .g.( - 
- 
-17, +9.0 
- 
mAdc 


Output 
Volt. 
Swing IRL ••2.0 k ohms) 
10 
VOA 
±12 
±13 
- 
+11 
±12 
- 
±10 
±12 
- 
Vpk 


Power Supply 
Rejection 
Aatlo 
IJV!V 


VCC = constant, 
AS :s.;;;10k 
ohms 
PSAA+ 
50 
100 
- 
75 
200 
- 
75 
- 
VEE '" constant, 
AS :s.;;;10k 
ohms 
PSAA- 
50 
100 
- 
75 
200 
- 
75 
- 


Power Supply 
Current 
'ee 
- 
1.0 
1.5 
- 
1.3 
3.0 
- 
1.3 
4.0 
mAdc 


'EE 
- 
1.0 
1.5 
- 
1.3 
3.0 
- 
1.3 
4.0 


DC Quiescent Power Dissipinion 
11 
Po 
- 
30 
45 
- 
40 
90 
- 
40 
120 
mW 


NO'" 
0) 


Note 1 
T1ow' 
rP for MC1456 
and MC1456C 
_550C for MC15S6 
ThIgh 
+7rPC for MC1456 
and MC1456C 
+12&oC for MC1556 


II 


II 
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FIGURE 8 - OUTPUT 
SHORT-CIRCUIT 
CURRENT 


versus TEMPERATURE 
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VCC. VEL POWER SUPPLY VOLTAGE {Vdcl 


TYPICAL 
APPLICA nONS 
Where values are not given for external 
components 
they 
must 
be selected 
by the 
designer 
to fit the requirements 
of the system. 


IF R3« 
21G 
1 + 22/Z1 


lO = 20 
Ao {wI 


10-0 


II 


II 


Ml;lb!)tlli 
MC1458CU,U 
MC1S58U 
MC14S8CP1,P1 


- bb"<'; to + 125"C 
O"C to +700C 
- SS·C to + 12S·C 
O·Cto + 70"C 


Metal 
Can 


Ceramic 
DIP 


Ceramic 
DIP 


Plastic 
DIP 


(DUAL 
MC1741) 
INTERNALLY 
COMPENSATED, 
HIGH PERFORMANCE 
MONOLITHIC 
OPERATIONAL 
AMPLIFIERS 


· .. 
designed 
for 
use as a summing 
amplifier, 
integrator, 
or amplifier 
with 
operating 
characteristics 
as a function 
of the external 
feedback 


components. 


• 
No Frequency 
Compensation 
Required 


• 
Short·Circuit 
Protection 


• 
Wide 
Common· 
Mode 
and Differential 
Voltage 
Ranges 


• 
Low·Power 
Consumption 


• 
No Latch 
Up 


Rating 
Symbol 
MC14S8 
MC1558 
Unit 


Power 
Supply 
Voltage 
VCC 
+18 
+22 
Vdc 


VEE 
-18 
-22 
Vdc 


Input 
Differential 
Voltage 
VID 
t30 
Volts 


Input 
Common 
Mode 
Voltage 
(Note 
11 
VICM 
+ 15 
Volts 


Output 
Short 
Circuit 
DuratIon 
(Note 
2) 
's 
Continuous 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +701-5510+125 
vc 


Storage 
Temperature 
R aoge 
Tstg 
°c 


Metal and Ceramic Packages 
-6510 
+150 


Plastic 
Package 
-55 
to 
1125 


Junction 
Temperature 
TJ 
°c 


Metal 
and 
Ceramic 
Packages 
175 


Plastic 
Package 
150 


Note 1 
For supply voltages less than 
+ 15 V. the absolute maximum 
Input voltage ISequal 


to the supplv voltage. 


Note 2. 
Supp1v voltage equal to or less than 15 V. 


(DUAL 
MC1741) 
DUAL 
OPERATIONAL 
AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


II 


B 
1 


G SUFFIX 


METAL 
PACKAGE 


CASE 
601-04 


VEE 


(Top View) 


P1 SUFFIX 
PLASTIC 
PACKAGE 


CASE 
626-05 
(MC1458, 
MC1458C) 


U SUFFIX 
CERAMIC 
PACKAGE 
CASE 
693-02 
~ 
1 
••• 


o SUFFIX 
PLASTIC 
PACKAGE 


CASE 
751-02 
SO-8 


Output 
A 
1 


Inp~" 
{ 


VEE 
4 


8 
VCC 


7 Output 
B 


} 
In~uts 


MC1558 
MC1458 
MC1458C 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Mi" 
Typ 
Ma. 
Unit 


Input 
Offset 
Voltage 
Via 
- 
1.0 
5.0 
- 
2.0 
6.0 
- 
2.0 
10 
mV 


IRS <; 10 kl 


1oput 
Offset 
Current 
'10 
- 
20 
200 
- 
20 
200 
- 
20 
300 
nA 


Input 
Bias Current 
118 
- 
80 
500 
- 
80 
500 
- 
80 
700 
nA 


Input Resistance 
'j 
0.3 
2.0 
- 
0.3 
2.0 
- 
- 
2.0 
- 
Mn 


Ioput Capacitance 
Cj 
- 
1.4 
- 
- 
1.4 
- 
- 
1.4 
- 
pF 


Offset 
Voltage 
Adjustment 
Range 
VIOR 
- 
.15 
- 
- 
.15 
- 
- 
.15 
- 
mV 


Common 
Mode Input 
Voltage Range 
V'CR 
±12 
.13 
- 
.12 
.13 
- 
±11 
.13 
- 
V 


Large Signal Voltage Gain 
Av 
V/mV 


IVO = .10 V, RL = 2.0 kl 
50 
200 
- 
20 
200 
- 
- 
- 
- 


IVO=.10V,RL= 
10kl 
- 
- 
- 
- 
- 
- 
20 
200 
- 


Output 
Resistance 
'0 
- 
75 
- 
- 
75 
- 
- 
75 
- 
n 


Common 
Mode 
Rejection 
Ratio 
CMRR 
70 
90 
- 
70 
90 
- 
60 
90 
- 
d8 


IRS <; 10 kl 


Supply Voltage Rejection 
Ratio 
PSRR 
- 
30 
150 
- 
30 
150 
- 
30 
- 
~VIV 


IRS <; 10 kl 


Output 
Voltage 
Swing 
Vo 
V 


IRL;> 
10 kl 
.12 
±14 
- 
.12 
!14 
- 
±11 
:':.14 
- 


IR L " 
2 kl 
! 10 
±13 
- 
± 10 
±13 
- 
.9.0 
±13 
- 


Output 
Short-Circuit 
Current 
'as 
- 
20 
- 
- 
20 
- 
- 
20 
- 
mA 


Supply 
Currents 
(Both 
Amplifiers) 
'0 
- 
2.3 
5.0 
- 
2.3 
5.6 
- 
2.3 
8.0 
mA 


Power Consumption 
Pee 
- 
70 
150 
- 
70 
170 
- 
70 
240 
mW 


Transient 
Response 
(Unity 
Gain) 
IV, = 20mV, 
RL:;' 
2kn, 
CL <; 100pFI 
Rise Time 
'TLH 
- 
0.3 
- 
- 
0.3 
- 
- 
0.3 
- 
~s 


IV, = 20mV, 
RL ;> 2 kH, CL <; 100 pFI 
. Overshoot 
as 
- 
15 
- 
- 
15 
- 
- 
15 
- 
% 


IV, = 10 V, RL::- 2 kH. CL <; 100 pFI 
Slew Rate 
SR 
- 
0.5 
- 
- 
0.5 
- 
- 
0.5 
- 
V/lJ.s 


MC1558 
MC1458 
MC1458C 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Mi" 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Input 
Offset 
Voltage 
VIO 
- 
1.0 
6.0 
- 
- 
7.5 
- 
- 
12 
mV 


IRs <; 10 kHI 


Input 
Offset 
Current 
"0 
nA 


ITA = 1250CI 
- 
7.0 
200 
- 
- 
- 
- 
- 
- 


ITA = -550CI 
- 
85 
500 
- 
- 
- 
- 
- 
- 


nA 
= OOC to 
+700Cl 
- 
- 
- 
- 
- 
300 
- 
- 
400 


Input 
Bias Current 
'18 
nA 


ITA = 1250CI 
- 
30 
SOO 
- 
- 
- 
- 
- 
- 


IT A = -550CI 
- 
300 
1500 
- 
- 
- 
- 
- 
- 


(T 
l\ 
= OOC to 
+700Cl 
- 
- 
- 
- 
- 
800 
~ 
- 
1000 


Common 
Mode 
Input 
Voltaae 
Rance 
V,,",c 
.12 
·13 
- 
- 
- 
- 
- 
~ 
- 
V 


Common 
Mode 
Rejection 
Ratio 
CMRR 
70 
90 
- 
- 
- 
- 
- 
- 
- 
d8 
IR< <; 10 kl 


Supply 
Voltage 
Rejection 
Ratio 
PSRR 
- 
30 
150 
~ 
- 
- 
- 
- 
- 
~VIV 
IRs <; 10 kl 


Output 
Voltage 
Swing 
Vo 
V 
IRL;> 
10 kl 
.12 
±14 
- 
.12 
:!.14 
- 
- 
- 
- 


IRL;> 
2 kl 
.10 
:!.13 
- 
.10 
·13 
- 
+9.0 
.13 
- 


Large 
Signal 
Voltage 
Gain 
Av 
VlmV 
IVO = ±10 V, RL = 2 kl 
25 
- 
- 
15 
- 
- 
- 
- 
- 


IVO=·10V,RL:l0kl 
- 
- 
- 
- 
- 
- 
15 
~ 
- 


Supply 
Currents 
(Both 
Amplifiers) 
'0 
mA 


ITA = 1250CI 
- 
- 
4.5 
- 
- 
- 
- 
- 
- 


IT ~ : -550CI 
- 
- 
6.0 
- 
- 
- 
- 
- 
- 


Power 
Consumption 
ITA = 1250CI 
Pc 
- 
- 
135 
- 
- 
- 
- 
- 
- 
mW 


ITA = -550CI 
- 
- 
180 
- 
- 
- 
- 
- 
- 


II 


BW = 10 
H1IO 
1 0 kH~ tttffi 


I 
1IIIi 


111111 
111111 


111111 
111111 


111111 
111111 


140 


110 


~ 


100 


~ 
80 
~ 
~ 
60 
>- 
=>~ 
z 


40 


10 


n 


\ 
AV~ 1~, ~S· 
100 kH 


\ 


f-- 


'\ 
e-- 


e-- 


••...... 
r= 


f-- 


Unlike 
conventional 
peak 
reading 
or 
RMS 
meters, 
this 
system 
was 
especially designed to provide 
the Quick response time essential to 


burst 
(popcorn) 
noise 
testing. 


Positive 
Threshold 
Voltage 


Low 
Pass 
Filter 
1.0HltolkHz 


Negative 
Threshold 
Voltage 


The 
test 
time 
employed 
is 10 
seconds 
and 
the 
20 
/JV peak 


limit 
refers 
to 
the 
operational 
amplifier 
input 
thus 
eliminating 


errors 
in 
the 
closed-loop 
gain 
factor 
of 
the 
operational 
amplifier 


under 
test. 
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TYPICAL 
CHARACTERISTICS 


lVcc 
= +15 Vdc, 
VEe 
= -15 
Vdc, 
T A = +2S0C 
unless 
otherwise 
noted) 
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FIGURE 
14 - 
OPEN 
LOOP VOLTAGE 
GAIN 


versus 
SUPPLY 
VOLTAGE 


105 


100 


~ 95 
z 
~ 90 
~ 
~ 85 
0>,; 80 
.. 
-l-- 


75 


70 
0 
1.0 
40 
60 
80 
10 
11 
14 
16 
18 
10 


VCC. 
VEE. 
SUPPL 
Y VOL TAGES 
(VOLTS) 


Temperature 
Range 


O°C to + 70°C 
O°C to + 70°C 
O°C to + 70°C 
O'C to + 70'C 


- 55'C to + 125'C 
- 55'C to + 125'C 


50-8 


Metal 
Can 


Plastic 
DIP 


Ceramic 
DIP 


Metal 
Can 


Ceramic 
DIP 


MC1458SD 
MC1458SG 
MC1458SP1 
MC1458SU 
MC1558SG 
MC1558SU 


DUAL 
HIGH SLEW RATE 
INTERNAllY- 


COMPENSATED 
OPERATIONAL 
AMPLIFIERS 


The 
MC1558S 
is 
functionally 
equivalent, 
pin 
compatible, 
and 


possesses 
the 
same 
ease of 
use 
as the 
popular 
MC1558 
circuit, 
yet 


offers 
20 
times 
higher 
slew 
rate 
and 
power 
bandwidth. 
This 
device 
is 


ideally 
suited 
for 
D/A 
converters 
due 
to 
its 
fast 
settling 
time 
and 


high 
slew 
rate. 


• 
High 
Slew 
Rate 
- 
10 VliIS 
Guaranteed 
Minimum 
(for 
inverting 


unity 
gain 
only) 


• 
No 
Frequency 
Compensation 
Required 


• 
Short-Circuit 
Protection 


• 
Offset 
Voltage 
Null 
Capability 


• 
Wide 
Common-Mode 
and 
Differential 
Voltage 
Ranges 


• 
Low 
Power 
Consumption 


• 
No 
Latch-Up 


Al 
5 


A2 
6 


A3 
7 
A4 
8 


A5 
9 


A610~ 


A711 


AS12 


MC150SL-B 
MC140BL 
Series 


Settling 
time 
to within 
1/2 
LSB (~19.5 
mV) 
is approxi- 


mately 
4.0 /J.sfrom 
the time 
that 
all bits are switched. 


-The 
value of C may 
be selected 
to minimize 
overshoot 
and ringing 
(C 
l:l:: 
68 pF). 


Theoretical 
Vo 


Vref 
Vo 
= R1 (RO) 


V ref = 2.0 
Vdc 


Al=A2:::1.0kn 
AO = 5.0kn 


2 V 
[' 
1 
1 
1 
1 
1 
1 
1 I 


VO=""1'k:(5kl 
2"+4"+i+ffl+3i+"64r'2S+256 
""10V 
[2 


55 


1 


- 
= 9.961 
V 
256 


MC1458S 
MC1558S 


DUAL 


OPERATIONAL 
AMPLIFIERS 


~ 


8 1 


G SUFFIX 
METAL 
PACKAGE 
CASE 601-04 


Vcc 


Output 
A~' 
Output 
8 


Inverting 
1 
• 
Inverting 
Input 
A 
'. 
: 
Input 
B 


Non.lnverting 
J 
~ 
Non-Inverting 
Input 
A 
• 
Input 
B 


VEE 


(Top View) 


~ , 


U SUFFIX 
CERAMIC 
PACKAGE 


CASE 693-02 


Pl SUFFIX 
PLASTIC 
PACKAGE 
CASE 626-05 
(MC1458S 
Onlyl8.- 


D SUFFIX 


PLASTIC 
PACKAGE 
CASE 751-02 
SO:8 
(MC1458S 
Only) 


Inverting 


Input 
A 


Non-Inverting 
3 


Input 
A 


6 
Inverting 
Input 
B 
s 
Non-Inverting 
Input 
B 


II 


Rating 
Symbol 
MC1558S 
I 
MC14585 
Unit 


Power Supply Vol tage 
VCC 
+22 
+18 
Vdc 


VEE 
-22 
-18 


Input Differential 
Voltage Range 
CD 
VIDR 
±30 
Volts 


Input Common-Mode Voltage Range ~ 
VICR 
! 15 
Volts 


Output 
Short 
Circuit 
Duration 
ts 
Continuous 


Operating Ambient Temperature Range 
TA 
-55 to +125 
o to +70 
°c 


Storage Temperature 
Range 
Tstg 
--65 to +150 
~5to+150 
°c 


Junction 
Temperature 
Ceramic and Metal Package 
TJ 
175 
175 
°c 


Plastic 
Package 
150 
150 
°c 


MC15585 
MC1458S 


Char.cte"s1lc 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Power 
Bandwidth 
(See 
Figure 
3) 
BWp 
kHI 


A" 
~ 1, RL" 
'20 
kH. 
THO" 
50,0. Va'" 
20V(p:..pl 
150 
200 
- 
150 
200 
- 


Large·S1gnal 
Transient 
Response 
Slew Rate 
(Figures 
10and 
111 
SR 


Vl-l 
to VI+) 
10 
20 
- 
10 
20 
- 
V/J,J$ 


VI.) 
to Vf-l 
10 
12 
10 
12 


Settling 
Time 
(Figures 
10and 
111 
{selig 
- 
30 
- 
- 
30 
- 
", 


110 •••.•• 
nthln 0 1°0) 


Small,SIgnal 
TranSient 
Response 


(Gain 
1, Em 
20 mV. 
see F,gur<?s 
7 and 
81 


RISe TIme 
tTLH 
025 
- 
0.25 
- 
", 
Fall 
Time 
tTHL 
025 
- 
- 
0.25 
- 
", 
PropagatiOn 
Delay 
Time 
tPlH.IPHL 
0.25 
- 
- 
025 
- 
", 
Overshoot 
as 
20 
- 
- 
20 
- 
% 


Sharl·CHcult 
Output 
Currents 
10S 
±lQ 
'45 
±10 
- 
'45 
mA 


Open· Loop 
Voltage 
Gain 
(R L 
'20 
kHI 
(See 
Figure 
4) 
AVpl 
- 


Va 
±10 v 
50,000 
200,000 
- 
20,000 
100,000 
- 


Output 
f mpedance 
(f 
20 Hzl 
'0 
75 
- 
75 
- 
H 


Input 
Impedance 
If 
20 Hzl 
1, 
03 
10 
- 
03 
10 
- 
Mll 


Output 
V,:.lt3ge SWing 
Va 
Vpk 


RL 
to 
kH 
±12 
±14 
- 
±12 
±14 
- 


Rl 
20kH 
±1O 
113 
±1O 
±13 
- 


Input 
Common·Mode 
Voltage 
SWI09 
VieR 
±12 
±13 
±12 
±13 
Vpk 


l,,;ommon·Mode 
RejectIon 
Ratto 
If 
20 Hzl 
CMRR 
70 
90 
70 
90 
dB 


Input 
Bias Current 
(See 
Figure 
21 
lIB 
nA 


- 
200 
500 
- 
200 
500 


Inpul 
Offset 
Cunent 
11101 
nA 


- 
30 
200 
- 
30 
200 


Input 
Offsel 
Voltage 
(RS 
~ 
10 k12) 
IVlol 
mV 


- 
1.0 
50 
- 
2.0 
6.0 


DC 
Power 
Consumption 
(See 
Figure 
91 
Pc 
mW 


I Power 
Supply 
±15 
V. 
VO" 
01 
- 
70 
150 
- 
70 
170 


POSitive 
Voltage 
Supply 
Sensitivity 
PSS+ 
IlVIV 


IVEE 
constant) 
- 
20 
150 
- 
2.0 
150 


Negative 
Vollage 
Supply 
Senslllvity 
PSS- 
IJV/V 


IVCC 
constanl) 
- 
10 
150 
- 
10 
150 


•• PlastiC 
package 
offered 
m limited 
temperature 
range 
deVice 
only 


ELECTRICAL 
CHARACTERISTICS 
(VCC ~ 
+15 Vdc, VEE = 
-15 
Vdc, TA ~ 
-55 
to + 125·C for MC1558S and TA ~ 0 to 70·C 


for 
MC1458S, unless otherwise 
noted.) 


MC1558S 
MC1458S 


Characteristic 
Symbol 
Min 
TVp 
Max 
Min 
TVp 
Max 
Unit 


Open 
Loop 
Voltage 
Gam 
AVOL 
25.000 
- 
- 
15.000 
- 
- 
VIV 
Va· 
,10 V 


Output 
Voltage 
SWing 
Va 
Vpk 
AL"10kH 
, 12 
- 
- 
, 12 
- 
- 


RL" 
2 kH 
,10 
- 
- 
,10 
- 
- 


Inpul 
Common-Mode 
Voltage 
Range 
VICR 
'12 
- 
- 
- 
- 
- 
Vok 


Commo.l·Mode 
Rejection 
RatiO 
If - 20 H,) 
CMRR 
70 
- 
- 
- 
- 
- 
dB 


Input 
Bias Current 
lIB 
nA 
TA • 125°C 
- 
200 
500 
- 
- 
- 
TA" 
-55°C 
- 
500 
1500 
- 
- 
- 


TA • 0 to 700C 
- 
- 
- 
- 
- 
BOO 


I nput 
Offset 
Current 
110 
nA 
T A" 
125°C 
- 
30 
200 
- 
- 
- 


TA" 
-55°C 
- 
- 
500 
- 
- 
- 


TA" 
0 to 
700C 
- 
- 
- 
- 
- 
300 


Input 
Offset 
Voltage 
VIa 
6.0 
75 
mV 


RS'" 
10 kH 


DC 
Power 
Consumption 
Pc 
- 
- 
200 
- 
- 
- 
mW 
Va' 
0 V 


POSitive 
Power 
Supply 
SenSHlvlty 
PSS+ 
- 
150 
- 
- 
- 
IlV/V 


VEE'-15V 


Negative 
Power 
Supply 
SenSItiVity 
PSS- 
- 
- 
150 
- 
- 
- 
J,l.V/V 
VCC"5V 


• 


TYPICAL 
CHARACTERISTICS 


(VCC 
= +15 Vdc, VEE '" -15 Vdc. T A = +2SoC unless otherwise noted.) 


FIGURE 2 - 
INPUT BIAS CURRENT 
Yersus TEMPERATURE 
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FIGURE 5 - 
OUTPUT NOISE Y",sus 


SOURCE RESISTANCE 
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AS, SOU ACE 
A ESISTANCE 
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TYPICAL 
CHARACTERISTICS 


IVCC= 
+15 Vdc. Vee 
= -15Vdc, 
TA = +2SoCunlessotherwtse 
noted.) 


O.l,uF1 


100 


10 


'" 


\0 
~ 
40 
z 
0 
30 


Ii:i 


10 


0u~ 


10 


~ 1.0 
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== , 
- 
-- 
- 


/' 
Vo = 0 - 
/- 


--r- 


V 
/ 
/ 


.- 
- 
+ 1 + 
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/ 


I 


Slew 
Rate 
V{+) 
to V(-) 
(Measurement 
Period) 


=J 


90% 


+10_Vn 


~ovL 


False 
Summing 
Node 


~ 
90% 


SETTLING 
TIME 


In order 
to properly 
utilize 
the 
high 
slew rate and fast 


settling 
time 
of 
an 
operational 
amplifier, 
a number 
of 


system 
considerations 
must 
be observed. 
Capacitance 
at 


the 
summing 
node 
and 
at the 
amplifier 
output 
must 
be 
minimal and circuit board layout should be consistent 


with 
common 
high-frequency 
considerations. 
80th 
power 


supply 
connections 
should 
be 
adequately 
bypassed 
as 


close 
as possible 
to 
the 
device 
pins. 
In bypassing, 
both 


low 
and 
high·frequency 
components 
should 
be 
con- 


sidered 
to 
avoid 
the 
possibility 
of 
excessive 
ringing. 
In 


order 
to 
achieve 
optimum 
damping, 
the 
selection 
of 
a 
capacitor 
in parallel with 
the feedback resistor 
may be 
necessary. 
A value 
too 
small 
could 
result 
in excessive 


ringing 
while 
a value 
too 
large will 
degrade 
slew rate and 


settling 
time. 


SETTLING 
TIME 
MEASUREMENT 


In order 
to accurately 
measure 
the settling 
time 
of an 
operational 
amplifier. 
It is suggested 
that 
the 
"false" 


summing 
junction 
approach 
be 
taken 
as 
shown 
in 


Figure 
11. 
This 
is 
necessary 
since 
it 
is difficult 
to de- 


termine 
when 
the 
waveform 
at 
the 
output 
of 
the 
op· 


erational 
amplifier 
settles 
to 
within 
0.1 % 
of 
it's 
final 


value. 
Because 
the 
output 
and 
input 
voltages 
are 
ef· 


fectively 
subtracted 
from 
each 
other 
at 
the 
amplifier 


inverting 
input, 
this 
seems 
like 
an 
ideal 
node 
for 
the 


measurement. 
However, 
the 
probe 
capacitance 
at 
this 


critical 
node 
can 
greatly 
affect 
the 
accuracy 
of 
the 


actual 
measurement. 


01 
ERROR 
BANO 


The 
solution 
to 
these 
problems 
is the 
creation 
of 
a 


second 
or 
"false" 
summing 
node. 
The 
addition 
of 
two 


diodes 
at this 
node 
clamps 
the 
error 
voltage 
to limit 
the 


voltage 
excursion 
to 
the 
oscilloscope. 
Because 
of 
the 


voltage 
divider 
effect, 
only 
one-half 
of 
the 
actual 
error 


appears 
at 
this 
node. 
For 
extremely 
critical 
measure· 


ments, 
the capacitance 
of the diodes 
and the oscilloscope, 


and 
the 
settling 
time 
of 
the 
oscilloscope 
must 
be con- 


sidered. 
The ex pression 


tsetlg =.J x2 + y2 + z2 


can 
be 
used 
to 
determine 
the 
actual 
amplifier 
settling 


tIme, 
where 


tsetlg 
= observed 
settling 
time 


x = amplifier 
settling 
time 
(to 
be determined) 


y = false summing 
junction 
settling 
time 


l = oscilloscope 
settling 
time 


It 
should 
be 
remembered 
that 
to 
settle 
within 
±O.l % 


requires 
7RC 
time 
constants. 


The 
±O.l% 
factor 
was 
chosen 
for 
the 
MC1558S 


settling 
time 
as 
it 
is compatible 
with 
the 
±1/2 
LS8 


accuracy 
of 
the 
MC1508L-8 
digital-to-analog 
converter. 


This 
D-to-A 
converter 
features 
±O.19% 
maximum 
error. 


MCL 1304 
or Equivalent 


(Current 
Limiting 
Diode) 


Delivers 
12.5 watt 
into 
4.0 ohms with 
less than 
1% THO to 100 kHz. 
Pins not shown are not connected . 


• Bias current 
adjustment 
to eliminate 
Crossover Distortion 
. 


•• Epoxv 
to power 
transistor 
heat sink or case for 
maximum 
Thermal 
Feedback. 


@MOTOROLA 


· .. an integrated 
circuit 
featuring 
wide-range 
AGC for use in RF/ 


IF amplifiers 
and 
audio 
amplifiers 
over 
the temperature 
range, 


- 40 to + 85°C. See Motorola 
Application 
Note AN513 for design 


details. 


• 
High 
Power 
Gain - 
50 dB Typ at 10 MHz 
45 dB Typ at 60 MHz 
35 dB Typ at 100 MHz 


• 
Wide-Range 
AGC - 
60 dB Min, dc to 60 MHz 


• 
6.0 to 15 V Operation, 
Single-Polarity 
Power 
Supply 


MAXIMUM 
RATINGS 
(TA ~ + 25°C unless 
otherwise 
noted) 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
+18 
Vdc 


Output Supply 
Vo 
+18 
Vdc 


AGC Supply 
V2(AGCI 
VCC 
Vdc 


Differential 
Input Voltage 
VI 
5.0 
Vdc 


Operating 
Temperature 
Range 
TA 
-40 to +85 
°c 


Storage 
Temperature 
Range 
Tsta 
-65 to + 150 
°c 


Junction 
Temperature 
TJ 
+150 
°c 


REPRESENTATIVE 
CIRCUIT 
SCHEMATIC 


2 
VCC 


8 (+) 
Outputs 
I 
1-) 


Substrate 


Pins 3 and 7 should bath be connected to circuit ground. 


WIDEBAND 
AMPLIFIER 
WITH AGe 


•• 
P SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


SCATTERING PARAMETERS (VCC = +12 Vdc, 


fA = +25"<:,20 = 50 n) 


f - 
MHz 
Typ 


Parameter 
Symbol 
30 
60 
Unit 


Input 
Reflection 
15,,1 
0.95 
0.93 
- 
Coefficient 
811 
-7.3 
-16 
degrees 


Output 
Reflection 
15221 
0.99 
0.98 
- 


Coefficient 
822 
-3.0 
-5.5 
degrees 


Forward 
Transmission 
15211 
16.8 
14.7 
- 
Coefficient 
821 
128 
64.3 
degrees 


Reverse 
Transmission 
5'2 
0.00048 0.00092 
- 


Coefficient 
812 
84.9 
79.2 
degrees 


II 


Characteristic 
Figure 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Current 
Drain 
- 
ICC 
- 
- 
17 
mA 


AGC 
Range 
(AGC) 
5.0 V Min 
to 7.0 V Max 
19 
MAGC 
-60 
- 
- 
dB 


Output 
Stage 
Current 
(Sum 
of Pins 
1 and 
8) 
- 
10 
4.0 
- 
7.5 
mA 


Single 
Ended 
Power 
Gain 
RS ~ 
RL ~ 
50 Ohms 
19 
Gp 
40 
- 
- 
dB 


Noise 
Figure 
RS ~ 
50 Ohms 
19 
NF 
- 
6.0 
- 
dB 


Power Dissipation 
- 
Po 
- 
168 
204 
mW 


TYPICAL 
CHARACTERISTICS 


(V2 (AGe) "'"0, Vcc "'"12 Vdc, TA "'"+2SoC unless otherwise 
noted) 
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RGURE 
3 - 
DYNAMIC 
RANGE: 
OUTPUT 
VOLTAGE 
versus 
INPUT 
VOLTAGE 
(Video 
Amplifier, 
See Figure 
2tl 
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RGURE 
4 - 
VOLTAGE 
GAIN 
versus 
FREQUENCY 
(Video 
Amplifier, 
See Figure 
211 
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FIGURE 
5 - 
VOLTAGE 
GAIN 
AND 
SUPPLY 
CURRENT 
versus 
SUPPLY 
VOLTAGE 
(Video 
Amplifier, 
See Figure 
21) 
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FIGURE 
13 - 
HARMONIC 
DISTORTION 
versus 
AGC 
GAIN 
REDUCTION 
FOR AM 
CARRIER 
(For Test 
Circuit. 
See Figure 
141 
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36 pF 


E-----o ~.~ 


L1 
VRIAGC) 


10.7 
MHz 
q---j 
(50 n Source) 
82 pF 


0.002 


L1 
24 Turns. No. 22 AWG Wire 
on a T12-44 Micro Metal 
Toroid Core (-124 
pF) 


l2 
20 Turns. No. 22 AWG Wire 
on 8 T12-44 Micro Metal 
Toroid Core (-100 
pFI 


II 


II 


VRIAGCI 


11 "" 7 Turns. 
#20 
AWG 
Wire. 
5 '6~ Dia.. 
C1.C2.C3 
= (1-30) 
pF 
5'8" 
Long 
C4 = 
11-10) 
pF 
L2 = 6 Turns, 
#14 
AWG 
Wire. 
9 16 
Dia" 


3/4~ Long 


+ 12 Vdc 


L1 = 
12 Turns 
#22 
AWG 
Wire 
on a Toroid 
Core. 
IT37-6 
Micro 
Metal 
or EQuivl 


T1: 
Primary 
= 
17 Turns 
#20 
AWG 
Wire 
on a Toroid 
Core. 


IT44-61 


Secondary 
= 
2 Turns 
#20 
AWG 
Wire 


FIGURE 20 - 
PROCEDURE 
FOR SETUP 


USING 
FIGURE 
19 


Test 
ein 
V2(AGC) 
RAGClkn) 


MAGC 
2.23 
mV 
(- 
40 dBm) 
5-7 
V 
0 


Gp 
1.0 mV 
1-47 
dBml 
~5.0V 
5.6 


NF 
1.0 mV 
1-47 
dBml 
'1$;5.0 
V 
5.6 


VRIAGC) 


VRIAGC) 


Signal 
Input 


1100 MHz) 


11-30) 
pF 


Input 
from 
Local 
Oscillator 


170 MHzl 
100 


11-101 
pF 


11-10) 
pF 


11-301 
pF 


IF Output 


130 MHz) 


L1 
= 5 Turns. 
*16 
AWG 
Wire. 
1 4"10. 


518" Long 


l2 
= 
16 Turns. 
#20 
AWG 
Wire 
on 
a Toroid 
Core. 
(T44-61 


® MOTOROLA 


· .. an integrated 
circuit 
featuring 
wide-range 
AGC for use in RF/IF 
amplifiers 
and audio 
amplifiers 
over the temperature 
range, 
- 55 


to + 125'C. 
See 
Motorola 
Application 
Note 
AN513 
for 
design 
details. 


• 
High 
Power 
Gain - 
50 dB Typ at 10 MHz 
45 dB Typ at 60 MHz 
35 dB Typ at 100 MHz 


• 
Wide-Range 
AGC - 
60 dB min, 
dc to 60 MHz 


• 
Low 
Reverse 
Transfer 
Admittance 
- 
<10 
!Lmhos Typ at 
60 MHz 


• 
6.0 to 15-Volt 
Operation, 
Single-Polarity 
Power 
Supply 


MAXIMUM 
RATINGS 
(T A = +25OC unless otherwise 
noted I 


Rating 
Symbol- 
Value 
Unit 


Power Supply Voltage 
VCC 
+18 
Vdc 


Output 
Supply 
Vo 
+18 
Vdc 


AGC Supply 
V21AGCI 
Vee 
Vdc 


Differential 
Input 
Voltage 
VI 
5.0 
Vdc 


Operating 
Temperature 
Range 
TA 
-55 
to +125 
°c 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°e 


Junction 
Temperature 
TJ 
+175 
°c 


REPRESENTATIVE 
CIRCUIT 
SCHEMATIC 


7 
VCC 


(+) 
5 


Outputs 
(-) 
6 


200 
Case 


Substrate 
4 
8 


Pins 4 and 8 should both be connected to circuit ground. 


WIDEBAND 
AMPLIFIER 


WITH AGe 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


G SUFFIX 
METAL PACKAGE 


CASE 601-04 


ADMITTANCE PARAMETERS (Vec = +12 Vdc. 


TA = +250CI 


f '" MHz 


Parameter 
Symbol 
Typ 
Unit 


30 
60 


Smgle-Ended 
Input 
911 
0.4 
0.6 
mmhos 


Admittance 
bl1 
1.2 -3.0 


Single-Ended QulPUI 
922 
0.05 
0.1 
mmho 
Admittance 
b22 
0.50 
1.0 


Forward Transfer 
Y21 
175 
150 
mmhos 


Admittance 
°21 
-30 
-105 
degrees 
(Pin 
1 to Pin 
5) 
(Polar) 


Reverse Transfer 
912 
-0 
-0 
~mhos 


Admittance' 
b12 
-5.0 
-10 


-The value of Reverse Transfer Admittance 
includes 
the feedhack admittance 
of the test circuit used in 
the measurement. 
The total feedback capacitance 


(including 
test circuit) 
is 0.025 
p F and is a more 


practical 
value for design calculations 
than the in- 
ternal feedback of thedevice 
alone. (See Figure 10.) 


SCATTERING PARAMETERS (Vee = +12 Vdc, 
TA = +25"C. Zo = 50 H) 


f - MHz 


Parameter 
Symbol 
Typ 
Unit 
30 
60 


Input Reflection 
511 
0.95 
0.93 
- 


Coefficient 
811 
-7.3 
-16 
degrees 


Output 
Reflection 
522 
0.99 
0.98 
- 


Coefficient 
822 
-3.0 
-5.5 
degrees 


Forward 
Transmission 
521 
16.8 
14.7 
- 


Coefficient 
821 
128 
64.3 
degrees 


Reverse 
TransmIssion 
S12 
O.OO04S0.0009 
- 


Coefficient 
812 
84.9 
79.2 
degrees 


Characteristic 
Fig. 
Symbol 
Min 
Typ 
Max 
Unit 


AGC Range 
24 
MAGC 
dB 
(V2(AGC) = 5.0 V to 7.0 V) 
58 
- 
- 
(V2(AGCI = 5.0 V to 7.0 V, TA = 2S"C) 
60 
68 
- 


Single-Ended Power Gain 
24 
Gp 
37 
- 
- 
dB 
(TA = 2S"C) 
40 
45 
- 


Noise 
Figure 
24 
NF 
- 
6.0 
7.0 
dB 
(Rs optimized for best NF) 
(TA = 2S"C) 


Output Stage Current 
32 
10 
mA 
(Sum of Pins 5 and 6) 
3.5 
- 
8.0 
(TA = 2S"C) 
4.0 
5.6 
7.5 


Output Current Matching 
32 
A10 
- 
0.7 
- 
mA 
(Magnitude of Difference of Output Currents) 
(15 - 
16) 
(TA = 2S"C) 


Power Supply Current 
32 
ICC 
mA 
(Vo = OV) 
- 
- 
20 
(VO = a V, TA = 2S"CI 
- 
14 
17 


Power Consumption 
(12 x ICC) 
- 
Pc 
mW 
(VI = OV) 
- 
- 
240 
(VI = a V, TA = 2S"CI 
- 
168 
204 


-VCIC-11~dC 


....• 


......•. 


"- 


'\, 


50 
~ 
z 
40 
~ 
w 
C> 
~ 
30 
0> 
co 
0z 
10 
~~ 
v; 
10 
U 
'" 


RL - 1.0 kn 
Vcc ",'12vJc 


l 


I--- 


RL -lOOn 
= 
F= 


- 
f-- 
\ 
- 
t-- 
.\ 
- 
t-- 
\' 


RL'lon 
= 
I IIII 
" ~ 
- 
1.0 
10 


t. FREQUENCY (MHz! 


10 
7.0 
50 
~~ 
~ ~ 
..~ 


~ 
0.7 


~ 
0.5 
~ 
o 
0.2 
> 


~ 
0.1 
:= 0.07 
5°,05 


~0.02 


1:= 
vcc " 11 Vdc 
I-- 
V2(AGC) 
= a Volts 
I-- 
f 
:: 1.0 MHz 


RL" 
1.0 k" 


.L- f- 


100" 


10 " 
/ 
.-.-- 


45 


~ 40 
z 
~ 35 


co 
30 
~ 
> 
15 
0 
0 
10 
z 
~ 
15 
cozv; 
:> 
10 
« 


f .1.0 MHz 
--- 
RL 
:: 1,OkH 
~ 
/' 
/ 
/ 
f 
/ 


~C 
/ 


4.0 
6.0 
8.0 
10 
11 


VCC. 
SUPPL Y VOLTAGE 
(VOL TS) 


t---- 
•..••.....• 
I 
I 
I 
I 
100< RAGC < 100 k 
_ 
""" 
I 


"'" 
'\ 


'" 
"'-.. 


~ 
30 
zoi:: 
z 
~ 
60 


50 
~ 
z 
40 
:;;: 
co 
w 
co«!:; 
30 
0>~ 
~ 10 
~ 
z 
10 
v; 
:>« 


I 
Im=.= 
- 
- 
I 
VCC' 
6.3 Vdc 


Rl = 1.0 kn 
C-- - 
- - 
I 
i' 
- - 
I 
- - 
lOon 
- - 


~ 


- 
- 
- 
-~ 


II 


14 


11 


18 
« 
oS 
15 
>-z 
w~ 
11 ~ 
=> 


9.0 ~ 


6.0 ~~ 


3.0 


10 


~ 


10 


z 
30 
0i 


40 


z 
50 
~ 60 


70 


80 


0 


~+30 


~ 
+20 


co~ 


~ 
+10 


~ 
0 


Vcc 
= 12 Vdc 


f 
:: 60 MHz 


RAGC 
• 5.6 k" 


-10U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
~ 


VR(AGC). 
AGC 
VOLTAGE 
(VOLTS) 


II 


f~~MH' 


/ - 


10 


9.0 


8.0 


~ 70 
w~ 6.0 
:> 
'" 
;;: 
5.0 
~~ 4.0 


~' 
3.0 


2.0 


1.0 


/ 


/ ,,- 
--- 


•....•. 


f~~ ~rnll:~~dNF-- 


g -50 
~ 
.3 
w 
~ 
-40 


~~ 


C( 
-30 
~ 
~ 
zg 
-20 


/ 
/ 


t'J..- 
:/ 


I-- --Ii 
_ •..... 


912.0 


~ 
~ 
-10 


N 
>- 
a 


10 


20 


18 


16 


~ 
14 


w 
12 
~ 
:> 
"' 
10 
~ 
w~ 8.0 
~ 


~' 
6.0 


4.0 


I 


Vcc = 12 Vdc 
/' 


f 
~ 105 MHz 
V 
J.tr 
V- 


I ~ 60 MHz/V 
V 


.... 
.......-- 


---; 
~ 30MH, 


FIGURE 13 - 
NOISE FIGURE yorsus AGC GAIN REOUCTION 


40 


2.5 


1i 
E 
2.0 
~ 
w 
uz~ 
1.5 
... 
~ 
«... 
1.0 
"~ 
..." 
0~ 0.5 
> 


~ 
/ 


/b22_ 
I--- 


1/ 


./ 


,/ 
/ 


,/ 
./ 
--- 
/921- 


---- 


FIGURE 
16 - 
HARMONIC 
DISTORTION 
versus 
AGC 
GAIN 
REDUCTION 
FOR 
AM CARRIER 
IFor 
Test 
Circuit, 
See Figure 
171 


40 


Eo = Peak-lo-Peak Envelopt 01 


Modulated 
10.7 MHI 


Carner at P,n 5 


I 
I~PUT 
Q21 
Pin 1 


OUTPUT 
Pin 5 


\ 


1\ 


b21 
1/ 
..•.•.•. 


1\ 
V 


r'\. 
/ 


1\ 
" 


1i 200 
E 
160 
~ 


~ 
120 


~ 
80 


~ 
40 
«~ 


~ 
-40 


o 
-80 
i-120 


~ -160 


;;:;.200 


>- 
2,0 


10 


9.0 


E 
80 


~ 7.0 
w 
uz 
6.0 
~ 
~ 
5.0 


« 
4.0 
..."~ 3.0 
z 
> 20 


10 


/ 


./ 
7bll- 


....• ./ 
/ 
/ 
......- 
V -- 
V 
9,'1- 
- 
-- 


5.6 k 
VR(AGCI~ 


10.7 MHz 
q----,) 


(50 n Sourcel 
82 pF 


36 pF 
E---o ~.~ 


L2 


0.002 
J 
J 0.002 


24 Turns, No. 22 AWG Wire 
on 8 T1244 
Micro Metal 
Toroid Core (-124 
pF) 


20 Turns. No. 22 AWG Wire 
on a T1244 
Micro Metal 


Toroid Core {-loo pFI 


'211 
I 
I 
•..•.. 


IV2t1 
•......, 


~ 
- 


~ 


>- 


I--INPUT 
- Pin 1 
~ 


9UTrUT I~;n,~ 
\ 


I 
1111 
'\.. 


III1I 


~ 


...•5 
~ 
«- 
-90 
~ 
E 
0" 
-135 a: ~ 
«- 
;Ow 


-180~ 
~ 


-225 ~ 
~ 
w,. 
-270~ 
~ 


-315 
c(. 


·360 :;: 


-405 


200 


0-" 
; 
~ 160 


a: .§. 140 
Ow 
~u 
~ 
~ 
120 
g ~ 100 
"'0 
~ 
~ 
80 
«w 
:E •.•... 60 
~~ 
~ 
~ 
40 


20 


o 
200 
2.0 


II 


VRIAGCI 


II " 1 Turns. no AWG Witt, 5/16" Oia.. 
CI,C2.C3:: 
(1·30) pF 
518" long 
C4:: n·l0) pF 
lZ" 
G.lums, 
114 AWG Wire, 9/16" Oia.. 


3/4" 
Long 


24 pF 


Inpul~ 
(SOH).J. 
' 


0""'" 


5.6k 


0.OO2"F 


VRlAGCl 
"=" 
+12 Vdc 


II •• 12 Turns '22 AWG Wire on a Toroid Core, 


{T37·6 Micro Metal or Equivl 
n: Primary" 
17 Turns 120 AWG Wire on a Toroid Core. 
(T44·6 Micro Metal or Equivl 


Secondary" 
2 Turns '20 AWG Wire 


Test 
fin 
V21AGCI 
RAGClkill 


MAGC 
2.23 mV 1-40dBml 
5·] V 
0 


G, 
1.0 mV (-41dBm) 
<;5.0 V 
5.6 


NF 
1.0 mV (-47dBm) 
<;5.0 V 
5.6 


VRIAGCI 


VRIAGCI 


Inpul from 


Local 
Oscillalor 


(10 MHz) 
100 


11·IOI,F 


11·301,F 


IF Output 


(30MHI! 


0.002"F l' 


II 
'" 5 Turns. 
'16 
AWG Wirt. 
1/4" 
10. 


S/a"lang 
lZ'" 
16 Turns, 120 AWG Wife on a Toroid 
Core, {T44·6 Micro Metal or Equivl 


T1 
Primary 
Winding:: 
15 Turns. 
122 AWG Wne, 
1/4" 
10 AI! Core 


S-condary 
Winding" 
4 Turns, 
122 AWG Wire. 


Coeftlcient 01 Coupling'" 
1.0 


T~2 
0",,", 
-=- 
150 III 


10~H 


T2: 
Primary 
Wmding" 
10 Turns, 
122 AWG Wire, 
1/4" 
10 AIr Core 
Secondary 
Winding" 
2 Turns. 
122 AWG Wife, 


Coefllclenl 
01 Couphng 
:r: 1.0 


II 


~tPut::Jr 


1.0 


0.1 


_ 
0.5 
~~ 
~ 
0.2 


~ 
o 
0.1 
> 
~ 
0.07 


~ 
0.05 
o 
.6 


=SEE 
FIGURE30 
Rl 
'= 100 kn 


RI ~ t5kll 


i I 
/ 


R1 ~ 0 


/ 
Measured 
from 
100 Hz to 10 kHz 
/ 


for Values of Attack 
from 


ro to 4.0 ms 


1111 


The amplifier 
drives the base of a PNP MPS6517 op- 
erating common-emitter 
with a voltage gain of approx- 
imately 20. The control 
R1 varies the quiescent 0 point 


of this transistor 
so that varying 
amounts of signal ex- 


ceed the level Vr' Diode D1 rectifies the positive peaks 
of 01 's output 
only when these peaks are greater than 
Vr = 7.0 Volts. 
The resulting 
output 
is filtered 
by CX, 


Rx· 


Rx controls the charging time constant or attack time. 
Cx is involved 
in both charge and discharge. 
R2 (the 
150 kil and input resistance of the emitter-follower 
02) 


controls 
the decay time. 
Making 
the decay long and 


attack short is accomplished 
by making 
Rx small and 
R2 large. (A Darlington 
emitter-follower 
may be needed 
if extremely 
slow decay times are required.) 
The emitter-follower 
02 drives the AGC Pin 2 of the 


MC1590G and reduces the gain. R3 controls 
the slope 


of signal compression. 
The following 
graph (Figure 31) 
details performance 
with R3 set to 15 kil. 


FREQUENCY 
DISTORTION 
DISTORTION 
10mV 
8i 
100mVej 
10 mVej 
100 mV ei 


100 Hz 
3.5% 
12% 
15% 
27% 
300 Hz 
2% 
10% 
6% 
20% 


1.0 kHz 
1.5% 
8% 
3% 
9% 


10 kHz 
1.5% 
8% 
1% 
3% 


100 kHz 
1.5% 
8% 
1% 
3% 


Notes 
1 and 2 
Notes 3 and 4 


Note: 
(1) 
Decay = 300 ms 
Attack 
== 20 ms 


121 
Cx• 
7.5~F 
R x ·0 
IShortl 


131 
Decay· 
20 ms 
Attack 
= 3 ms 


141 
Cx ·0.68~F 
Rx·l.5kn 


FIGURE 32 - OUTPUT CURRENT, 


CURRENT MATCH 
AND ICC FIXTURE 


Temperature Range 


O°Cto + 70°C 
O°Cto +70°C 
O°Cto + 70°C 


- 55°C to + 125°C 
- 55°Cto + 125°C 


Package 


Metal Can 
Ceramic DIP 
Plastic DIP 
Metal Can 
Ceramic DIP 


MC1709CG 
MC1709CU 
MC1709CP1 
MC1709G,AG 
MC1709AU 


. designed for use asa summing amplifier, integrator, or amplifier 


with 
operating 
characteristics 
as a function 
of the 
external 
feed- 
back components. 


• 
High-Performance 
Open Loop Gain Characteristics 
Avol = 45,000 typical 


• 
Low Temperature 
Drift 
- 
±3.0jJ.V/oC 
typicallMC1709j 


• 
Large Output 
Voltage Swing - 
±14 V typical 
@±15 V Supply 


• 
Low Output 
Impedance - 
'0 = 150 ohms typical 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
+18 
Vdc 


VEE 
-18 


Input Differential Voltage Range 
VIDR 
±5.0 
Volts 


Input Common-Mode 
Range 
VICR 
±10 
Volts 


Output Load Current 
IL 
10 
mA 


Output 
Short-Circuit 
Duration 
ts 
5.0 
s 


Power 
Dissipation 
(Package 
Limitation) 
Po 
Metal Can 
680 
mW 
Derate above TA = + 25°C 
4.6 
mWrC 


Plastic Dual In-Line Packages IMC1709C only) 
625 
mW 
Derate above TA = + 25°C 
5.0 
mWrC 
Ceramic 
Dual 
In-Une 
Package 
750 
mWrC 
Derate above TA = + 25°C 
6.0 
mWrC 


Operating Ambient 
MC1709A, MC1709 
TA 
-55 to + 125 
°C 
Temperature Range 
MC1709C 
o to + 70 


Storage Temperature Range 
Tstg 
°C 
Metal and Ceramic Packages 
-65 to + 150 
Plastic Packages 
- 55 to + 125 


MC1709 
MC1709A 
MC1709C 


OPERATIONAL 
AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Input Freq. 


Input Freq. 
Compo 


(Top View)II 
G SUFFIX 
METAL PACKAGE 
CASE 601-04 


8 
1 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 
IMC1709C Only) 
~,ri~l~•• 


1 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 


Input Freq, 
Compo 


Inv. Input 


Non-Inv. Input 
3 


MC1709A 
MC1709 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Input Offset Voltage 
VIO 
- 
0.6 
2.0 
- 
1.0 
5.0 
mV 


IRS':; 
10 knl 


'"put 
Offset 
Current 
110 
- 
10 
50 
- 
50 
200 
nA 


Input Bias Current 
liB 
- 
100 
200 
- 
200 
500 
nA 


Input Resistance 
'i 
350 
700 
- 
150 
400 
- 
kn 


Output 
Resistance 
'0 
150 
150 
n 


Power Supply Currents 
ICC,IEE 
- 
2.5 
3.6 
mA 


IVCC· 
15 V, VEE: 
-15 
VI 


Power Consumption 
Pc 
- 
75 
108 
- 
80 
165 
mW 


(VCC: 
15 V, VEE = -15 
VI 


Transient 
Response 
IVCC· 
15 V, VEE: 
-15 
VI 
See Figure 8 


Risetime 
tTLH 
- 
- 
1.5 
- 
0.3 
1.0 
~s 
O..•.ershoot 
OS 
- 
- 
30 
- 
10 
30 
% 


MC1709A 
MC1709 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Input Offset Voltage 
VIO 
- 
- 
3.0 
- 
- 
6.0 
mV 
IRS':; 
10 knl 


Average Temperature 
Coefficient 
of Input Offset Voltage 
6VIO!l\T 
~V/uC 
IRS = 50 n, T A = 25°C 
to 1250CI 
- 
1.8 
10 
- 
- 
- 


IRS = 50 n, 
TA • -55°C 
to 25°C I 
- 
1.8 
10 
- 
- 
- 


IRS' 
50 n, TA' 
-55°C 
to 1250CI 
- 
- 
- 
- 
3.0 
- 


IRS = 10 kn, 
TA • 25°C 
to 1250CI 
- 
2.0 
15 
- 
- 
- 


IRS' 
10 kn, 
TA' 
-55°C 
to 250CI 
- 
4.8 
25 
- 
- 
- 


IRS 
= 10 kn, 
T A = _55°C 
to 1250CI 
- 
- 
- 
- 
6.0 
- 


Input Offset Current 
110 
nA 
ITA' 
-55°C I 
- 
40 
250 
- 
100 
500 


(TA = 1250CI 
- 
3.5 
50 
- 
20 
200 


Average Temperature 
Coefficient 
of Input Offset Current 
l\lrolL\T 
nA/vC 
ITA = -55°C 
to 250CI 
- 
0.45 
2.8 
- 
- 
- 


ITA = 25°C 
to 1250CI 
- 
0.08 
0.5 
- 
- 
- 


Input 
Bias Current 
liB 
- 
300 
600 
- 
500 
1500 
nA 
ITA' 
-550CI 


Input Resistance 
'i 
85 
170 
- 
40 
100 
- 
kn 
ITA' 
-55°C 
I 


I nput Common-Mode 
Voltage 
Range 
VICR 
'±8.0 
.±10 
- 
.±8.0 
±.10 
- 
V 


IVcc' 
15 V, VEE' 
-15 
VI 


Common 
Mode Rejection 
Ratio 
CMRR 
80 
110 
- 
70 
90 
- 
dB 


(RS<;';10knl 


Supply Voltage Rejection 
Ratio 
PSRR 
- 
40 
100 
- 
25 
150 
~VIV 
IVCC' 
15 V, VEE' 
-15 
V, RS <;,;10 knl 


Large Signal Voltage Gain 
AV 
25 
45 
70 
25 
45 
70 
V/mV 
IVCC' 
15 V, VEE' 
-15 
V, RL ;;'2.0 
kn, 


VO' 
±15VI 


Output 
Voltage 
Range 
VOR 
V 
IVCC 
= 15 V, VEE' 
-15 
VI 
IRL;;'1O 
knl 
±.12 
±.14 
- 
±.12 
±'14 
- 


IRL ;;'2.0 
knl 
±'lD 
±.13 
- 
,>-10 
±'13 
- 


Power Supply Currents 
ICC/IEE 
mA 
IVCC: 
15 V, VEE· 
-15 
VI 
ITA = -55°C) 
- 
2.7 
4.5 
- 
- 
- 


ITA'1250CI 
- 
2.1 
3.0 
- 
- 
- 


Power Consumption 
Pc 
mW 
(VCC· 
15, VEE' 
-15 VI 
ITA = -55°C 
I 
- 
81 
135 
- 
- 
- 


ITA' 
1250CI 
- 
63 
90 
- 
- 
- 


MC1109C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 
VIO 
- 
2.0 
7.5 
mV 


IRS ';10kn,9.0V 
<; 15V,-9.0V 
•• VEE" 
-15VI 


Input 
Offset 
Current 
110 
- 
100 
500 
nA 


Input 
Bias Current 
liB 
300 
1500 
nA 


Input 
Resistance 
. 
r; 
50 
250 
kn 


Output 
Resistance 
'0 
- 
150 
n 


Power Consumption 
Pc 
- 
BO 
200 
mW 


Large Signal Voltage Gain 
AV 
15 
45 
- 
V/mV 


IRL,,2.0kn,VO,,10VI 


Output 
Voltage Range 
VOR 
V 


IRL ;;'10 knl 
±12 
.t14 
- 
IRL ;;'2.0 
knJ 
.tl0 
.t13 
- 


Input Common-Mode 
Voltage Range 
VICR 
.t8.0 
.tl0 
- 
V 


Common 
Mode Rejection 
Ratio 
CMRR 
65 
90 
- 
dB 


IRS <:;; 10 knl 


Supply Voltage Rejection 
Ratio 
PSRR 
- 
25 
200 
~VIV 


IRS <:;; 10 knJ 


Transient 
Response 
See Figure 8 
Rise Time 
trLH 
- 
0.3 
- 
~s 
Overshoot 
OS 
- 
10 
- 
% 


MC1709C 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input Offset 
Voltage 
VIO 
- 
- 
10 
mV 


IRS <; 10 kn, 9.0 V <; VCC'; 
15 V, -9.0 V" 
VEE •• 15 VI 


Input Offset Current 
110 
- 
- 
750 
nA 


Input Bias Current 
liB 
- 
- 
2.0 
~A 


Large Signal Voltage Gain 
AV 
12 
- 
- 
Vim V 
IRL;;' 
2.0 kn, VO' 
,10 VI 


Input Resistance 
" 
35 
- 
- 
kn 


FIGURE 2 - TEST CIRCUIT 


1VCC' 
+15 Vdc, VEE' 
-15 Vdc. TA' 
+250CI 


"2 
Fig. 
Test Conditions 


No. 
Curve No. 


R, (Ql 
R2(Q) 
R3(Q) 
C1(pF) 
C2(pF) 


3 
1 
10 k 
10 k 
1.5 k 
5.0 k 
200 
2 
10k 
lOOk 
l.5k 
500 
20 


3 
10k 
1.0M 
1.5 k 
100 
3.0 
4 
1.0k 
l.OM 
0 
10 
3.0 


4 
1 
1.0k 
1.0M 
0 
10 
3.0 


2 
10 k 
1.0M 
1.5 k 
100 
3.0 
3 
10 k 
100 k 
1.5 k 
500 
20 
4 
10 k 
10k 
l.5k 
5.0 k 
200 


5 
1 
0 
'" 
l.5k 
5.0 k 
200 
2 
0 
'" 
l. 5 k 
500 
20 
3 
0 
'" 
l.5k 
100 
3.0 
4 
0 
'" 
0 
10 
3.0 
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FIGURE 7 - SLEW RATE versus CLOSEO LOOP GAIN 
USING RECOMMENDED 
COMPENSATION 
NETWORKS 
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Temperature 
Range 


- 55°C to + 125°C 
- 55°C to + 125°C 
O°C to + 700C 
O°C to + 700C 
OOCto +700C 


Package 


Metal 
Can 


Ceramic 
DIP 


Metal 
Can 


Ceramic 
DIP 


Plastic 
DIP 


MC1733G 
MC1733L 
MC1733CG 
MC1733CL 
MC1733CP 


. a wideband amplifier with differential 
input and differential out- 


put. 
Gain is fixed at 10, 100, or 400 without 
external components 


or, with the addition of one external resistor, gain becomesadjustable 
from 10 to 400. 


• 
Bandwidth - 
120 MHz typical@ 
Avd = 10 


• 
RiseTime - 2.5 ns typical @Avd = 10 


• 
Propagation Delay Time - 
3.6 ns typical @Avd = 10 


FIGURE 
1 - 
BASIC 
CIRCUIT 


GAIN SELECT 


Vee 
G1A 
G18 


INPUTl 
OUTPUT 
I 


INPUT 
I 


INPUT 2 
OUTPUT 
2 


INPUT 
2 


VEE 
G1A 
G28 


GAIN SELECT 


FIGURE 
3 - 
EQUIVALENT 
CIRCUIT 
SCHEMATIC 


VCC 


INPUT 2 


INPUT I 


GAIN 1 GIA 
50 
50 
SELECT 
G2A 


GAIN j G2B 
590 
590 


SELECT IGIB 


MC1733 
MC1733C 


DIFFERENTIAL 
VIDEO 
WIDEBAND 
AMPLIFIER 


G SUFFIX 
METAL 
PACKAGE 
CASE 
603-04 


GIB 
GAIN SELECT 
(Top View)_.- 


! . 
14 
' 
L SUFFIX 


1 
CERAMIC 
PACKAGE 
CASE 
632-08 


PSUFFIX 
• 
PLASTIC 
PACKAGE 
CASE 
646-06 


14 


1 


INPUT 2 


HC 


G28 GAIN SElECT 


G18 GAIN SElECT 
4 


VEE 


HC 


OUTPUT2 


INPUT 1 


13 
NC 


12 
G2A GAIN SElECT 


11 
GIAGAINSElEeT 


10 
Vec 


9 
NC 


OUTPUT 1 


II 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
+8.0 
Volts 


VEE 
-8.0 


Differential 
Input Voltage 
Vin 
±5.0 
Volts 


Common-Mode 
loput 
Voltage 
VICM 
±6.0 
Volts 


Output 
Current 
10 
10 
mA 


Internal 
Power Dissipation (Note 
1) 
Po 
Metal Can Package 
500 
mW 
Ceramic Dual In· Line Package 
500 


Operating Temperature 
Range 
MC1733C 
TA 
o to +70 
°c 
MC1733 
-55 to +125 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


MC1733 
MC1733C 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Mi" 
Typ 
Ma. 
Units 


Differential 
Voltage Gain 
V/V 


Gain 1 (Note 2) 
AVd 
300 
400 
500 
250 
400 
600 


Gain 2 (Note 3) 
90 
100 
110 
80 
100 
120 
Gain 3 (Note 4) 
9.0 
10 
11 
8.0 
10 
12 


Bandwidth 
IRs=50nl 
BW 
MHz 


Gain 1 
- 
40 
- 
- 
40 
- 


Gain 2 
- 
90 
- 
- 
90 
- 


Gain 3 
- 
120 
- 
- 
120 
- 


Rise Time 
IRs=50n.Vo=1 
Vp·p) 
tTLH 
ns 


Gain 1 
tTHL 
- 
10.5 
- 
- 
10.5 
- 


Gain 2 
- 
4.5 
10 
- 
4.5 
12 
Gain 3 
- 
2.5 
- 
- 
2.5 
- 


Propagation 
Delay 
(Rs - 50n. 
Vo - 1 Vp-p) 
tpLH 
ns 


Gain 1 
tPHL 
- 
7.5 
- 
- 
7.5 
- 


Gain 2 
- 
6.0 
10 
- 
6.0 
10 


Gain 3 
- 
3.6 
- 
- 
3.6 
- 


Input Resistance 
Rio 
kn 


Gain 1 
- 
4.0 
- 
- 
4.0 
- 


Gain 2 
20 
30 
- 
10 
30 
- 


Gain 3 
- 
250 
- 
- 
250 
- 


Input Capacitance 
IGain 21 
Gin 
- 
2.0 
- 
- 
2.0 
- 
pF 


I nput Offset Current 
(Gain 31 
11101 
- 
0.4 
3.0 
- 
0.4 
5.0 
~A 


Input 
Bias Current 
(Gain 
3) 
liB 
- 
9.0 
20 
- 
9.0 
30 
~A 


Input Noise Voltage 
{Rs = 50 n. 
Vn 
- 
12 
- 
- 
12 
- 
",.V(rmsl 


8W = 1 kHz to 10MHz 


Input 
Voltage Range (Gain 2) 
Vin 
±1.0 
- 
- 
±1.0 
- 
- 
V 


Common-Mode 
Rejection 
Ratio 
CMRR 
dB 
Gain 2 
(VCM =±1 
V.f5:100kHz) 
60 
86 
- 
60 
86 
- 


Gain 2 
(VCM = ± 1 V. f = 5 MHz) 
- 
60 
- 
- 
60 
- 


Supply Voltage Rejection 
Ratio 
PSRR 
dB 
Gain 2 
(t>Vs = ±0.5 VI 
50 
70 
- 
50 
70 
- 


Output 
Offset Voltage 
VOO 
V 


Gain 1 
- 
0.6 
1.5 
- 
0.6 
1.5 


Gain 2 and Gain 3 
- 
0.35 
1.0 
- 
0.35 
1.5 


Output 
Common-Mode 
Voltage (Gain3) 
VCMO 
2.4 
2.9 
3.4 
2.4 
2.9 
3.4 
V 


Output 
Voltage Swing (Gain 21 
Vo 
3.0 
4.0 
- 
3.0 
4.0 
- 
Vp-p 


Output 
Sink Current 
(Gain 21 
10 
2.5 
3.6 
- 
2.5 
3.6 
- 
mA 


Output 
Resistance 
Rout 
- 
20 
- 
- 
20 
- 
n 


Power Supply Current (Gain 2) 
ID 
- 
18 
24 
- 
18 
24 
mA 


CC = + 
c. 
EE = 
C, at 
A' 
hiah to 
low un ess 0 
erwlse 
no 


MCI733 
MC1733C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


Differential 
Voltage Gain 
Avd 
VIV 


Gain 1 INote 21 
200 
- 
600 
250 
- 
600 


Gain 2 (Note 31 
80 
- 
120 
80 
- 
120 


Gain 3 (Note 41 
8.0 
- 
12 
8.0 
- 
12 


Input 
Resistance 
Aio 
8.0 
- 
- 
8.0 
- 
- 
kn 


Gain 
2 


Input Offset Current IGain 31 
11101 
- 
- 
5.0 
- 
- 
6.0 
"A 


Input Bias Current (Gain 31 
118 
- 
- 
40 
- 
- 
40 
jJ.A 


Input Voltage Range (Gain 2) 
Vin 
±'1.0 
- 
- 
±.1.0 
- 
- 
V 


Common-Mode 
Rejection 
Ratio 
CMRR 
50 
- 
- 
50 
- 
- 
dB 


Gain 
2 
(VC.M = ±'1 V. I';;; 100 kHzl 


Supply Voltage Rejection Ratio 
PSRR 
50 
- 
- 
50 
- 
- 
d8 
Gain 
2 
(a V. = ±Q.5 V) 


Output 
Offset 
Voltage 
VOO 
V 


Gain 1 
- 
- 
1.5 
- 
- 
1.5 


Gain 2 and Gain 3 
- 
- 
1.2 
- 
- 
1.5 


Output 
Voltage 
Swing 
IGain 21 
Vn 
2.5 
- 
- 
2.5 
- 
- 
Vp·p 


Output Sink Current 
IGain 2) 
In 
2.2 
- 
- 
2.5 
- 
- 
mA 


Power Supply Current 
IGain 21 
10 
- 
- 
27 
- 
- 
27 
mA 


"Tlow' 
OOClor MC1733C. 
-55°" 
lor MC1733 
Thigh 
= +700C for MC1733C. 
+1250C lor MC1733. 


NOTES 


Note 
1: 
Derate 
metal 
package 
at 6.5 mWfJC 
for operation 
at 


ambient 
temperatures 
above 7SoC and dual in-line pack- 


age at 9 mWfJC for operation 
at ambient 
temperatures 
above 100°C (seeFigure 41. 
If operation at high am- 


bient temperatures is required (MC1733) a heatsink 
may be necessaryto limit maximum junction tempera- 
ture to 1500C. 
Thermal resistance,junction·to·case, 


for the metal packageis 69.4oC per Watt. 


Note 2: 
Gain Select pins G1A and G1B connected together. 


Note 3: 
Gain Select pins G2A and G28 connected together. 


Note 4: 
All Gain Select pins open. 
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TYPICAL 
CHARACTERISTICS 


evCC = +6.0 Vdc, VEE = -6.0 Vdc, TA 
:z: +250C unlessotherwise noted.) 


FIGURE 
5 - 
SUPPLY CURRENT 
versus TEMPERATURE 
FIGURE 
6 - 
SUPPLY CURRENT 
versus SUPPLY VOLTAGE 
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TYPICAL 
CHARACTERISTICS 
(cont;nuedJ 
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TvprCAL CFlARACTERISTICS (Continued) 
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Control 


Voltage 


Vc 


By cha,lging 
the voltage 
Vc 
the gain will 
vary over II range of 10 to 400. 
This will 
give a frequency 
variation 
about 
the value 


set by the capacitor 
and shown in Figure 26. 


The first of several 
methods 
to be discussed 
is shown 
in 
Figure 
27. 
This block 
diagram 
describes 
a simple 
Read cir- 


cuit with 
no threshold 
circuitry. 
Each 
block 
represents 
a 
basic function 
that 
must be performed 
by the Read circuit_ 


The 
first 
block, 
referred 
to 
as "amplfiication", 
increases 


the 
level of the signal 
available 
from 
the 
Read 
head 
to a 
level adequate 
to drive the peak detector. 
Obviously, 
these 


signal 
levels will vary 
depending 
on 
factors 
such 
as tape 
speed, 
whether 
the 
system 
used 
is disc 
or tape, 
and the 
type 
of head 
and the 
circuitry 
used. 
For a representative 


tape 
system, 
levels of 7 to 25 mV for the signal from 
the 
Read 
head 
and 
2 V for the signal to the peak detector 
are 
typical. 
These 
signal 
levels 
are 
"peak-to-peak" 
unless 
otherwise 
specified. 
On the basis of the signal levels men- 
tioned 
above, 
the 
overall 
amplification 
required 
is 38 to 
49 dB. 


How 
the 
overall 
gain requirement 
is implemented 
will 
depend 
somewhat 
on 
the 
system 
used. 
For 
instance, 
a 
tape 
cassette 
system 
with 
variable 
tape 
speed 
may utilize 


a first 
stage 
for gain and a second 
stage primarily 
for gain 


control. 
Thus, 
a typical 
circuit 
would 
utilize 
35 dB in the 


first stage and 10 to 15 dB in the second 
stage. 


Devices 
suitable 
for 
use as amplifiers 
fall 
into 
one of 
two 
categories, 
operational 
amplifiers 
or wideband 
video 
amplifiers. 
Lower 
speed equipment 
with 
low transfer 
rates 


commonly 
uses low cost operational 
ampl ifiers. 
Examples 
of these are the MC1741, 
MC1458, 
MC1709, 
and MLM301. 


Equipment 
requiring 
higher 
transfer 
rates, 
such 
as disc 


systems 
normally 
use 
wideband 
amplifiers 
such 
as the 
MC1733. 
The 
actual 
cross-over 
point 
where 
wideband 
amplifiers 
are 
used 
exclusively 
varies 
with 
equipment 
de- 
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sign. 
For 
purposes 
of 
comparison, 
the 
M LM301 
has 
slightly 
less than 
a 40 dB open-loop 
gain at 100 kHz; the 
MC1741, 
a compensated 
op-amp, 
has approximately 
20 dB 
open loop gain at 100 kHz; the MC1733 
has approximately 
33 dB of gain out 
to 
100 MHz (depending 
on gain option 
and loading). 


There 
are 
a number 
of 
ways 
to 
implement 
the 
peak 
detector 
function. 
However, 
the simplest 
and most widely 


used method 
is a passive differentiator 
that generates 
"zero- 
erossings" 
for each of the data 
peaks 
in the Read signal. 


The 
actual 
circuitry 
used 
to differentiate 
the 
Read sig- 
nal varies from 
a differential 
LC type 
in disc systems 
to a 
simple 
RC type 
in reel and cassette 
systems. 
Either 
type, 


of course, 
attenuates 
the 
signal 
by an amount 
depending 
on 
the 
circuit 
used 
and 
system 
specifications. 
A good 
approximation 
of attenuation 
using the 
RC type 
is 20 dB_ 


Thus, the 2 V signal going 
into the differentiator 
is reduced 
to 200 mV. 
The 
next 
block 
in 
Figure 
27 
to 
be discussed 
is the 


zero-crossing 
detector. 
I n most cases detection 
of the 
zero- 
crossings 
is combined 
with 
the 
limiter. 
These 
functions 


serve to generate 
a TTL 
compatible 
pulse 
waveform 
with 


"edges" 
corresponding 
to zero-crossings. 
For low transfer 


rates, 
the 
circuit 
often 
used 
consists 
of 
an operational 
amplifier 
with series or shunt 
limiting. 
For higher 
transfer 
rates (greater 
than 
lOOK 
B/5) 
comparators 
are used_ 


The 
method 
described 
above 
is often 
modified 
to in- 
clude 
threshold 
sensing_ 
In Figure 
28, the function 
called 


"double-ended, 
limit-detector" 
enables 
the output 
NAND 
gate when 
either 
the negative 
or positive 
data 
peaks 
of the 
Read 
signal exceed 
a predetermined 
threshold_ 
This func- 
tion 
can 
be 
implemented 
in either 
of 
two 
ways. 
One 
method 
first 
rectifies 
the 
signal 
before 
it is applied 
to a 
comparator 
with a set threshold_ 
The other 
method 
utilizes 


two 
comparators, 
one comparator 
for 
positive-going 
peaks 


and the 
other 
for negative-going 
peaks. 
These 
comparator 


outputs 
are then 
combined 
in the output 
logic gates. 


II 


Another 
common 
technique 
is shown 
in 
Figure 
29. 
The 
branch 
labeled 
rectifiers, 
peak detector, 
etc., 
provides 
a clock 
transition 
of 
the 
D flip-flop 
that 
corresponds 
to 
the 
peak 
of 
both 
the 
positive 
and 
negative·going 
data 
peaks. This branch 
may include 
threshold 
circuitry 
prior to 
the 
peak 
detector. 
The detector 
in the lower path 
detects 
whether 
the 
signal peaks 
are positive 
or negative 
and feeds 
this data to the flip-flop. 
This detector 
can be 
implemented 
using a comparator 
with 
pre-set 
threshold. 


The 
technique 
shown 
in Figure 
30 
uses 
separate 
cir- 
cuits 
with 
threshold 
provisions 
for 
both 
negative 
and 
positive 
peaks. 
The peak detectors 
and threshold 
detectors 


may 
be 
implemented 
with 
two 
comparators 
and 
two 
passive 
differentiators. 


Each 
of the 
methods 
shown 
offer 
certain 
intrinsic 
ad- 


vantages 
or disadvantages. 
The overall 
decision 
as to which 


method 
to 
use 
however 
often 
involves 
other 
important 
considerations. 
These 
could 
include 
cost 
and 
system 
re- 


quirements 
or 
circuitry 
other 
than 
simply 
the 
Read 
cir- 
cuitry. 
For 
instance, 
if cost 
is the 
predominate 
overall 
factor, 
then 
approach 
one 
may 
be 
the 
only 
feasible 
alternative. 


Method 
four 
was included 
as a design example 
because 
it 
illustrates 
several 
unique 
advantages. 
First, 
it 
uses 
threshold 
sensing 
to reduce 
noise 
peak 
errors_ 
Second, 
it 
may be implemented 
using only 
integrated 
circuits. 
Third, 


it offers 
separate, 
direct 
threshold 
sensing 
for 
both 
pos- 


itive and 
negative 
peaks. 


MC1741CP1 
MC1741CU 
MC1741G 
MC1741U 


LM741CN, ,.A741TC 
O°Cto + 70°C 
ere to + 70"C 


- 55°C to +' 25°C 
- 55°C to + 125°C 


Plastic 
DIP 


Ceramic 
DIP 


Metal 
Can 


Ceramic 
DIP 


INTERNALLY 
COMPENSATED, 
HIGH PERFORMANCE 
OPERATIONAL 
AMPLIFIERS 


.. designed for use asa summing amplifier, 
integrator, 
or amplifier 
with 


operating 
characteristics 
as a function 
of the external 
feedback 


components. 


• 
No Frequency 
Compensation 
Required 


• 
Short-Circuit 
Protection 


• 
Offset Voltage Null Capability 


• 
Wide Common-Mode 
and Differential 
Voltage Ranges 


• 
Low-Power 
Consumption 


• 
No Latch Up 


MAXIMUM 
RATINGS (TA = + 25°C unless otherwise noted) 


Rating 
Symbol 
MC1741C 
I 
MC1741 
Unit 


Power Supply Voltage 
VCC 
+18 T 


+22 
Vdc 
VEE 
-18 
-22 
Vdc 


Input Differential Voltage 
VID 
±30 
Volts 


Input Common Mode Voltage (Note 1) 
VICM 
±15 
Volts 


Output Short Circuit Duration (Note 2) 
ts 
Continuous 


Operating 
Ambient 
Temperature 
Range 
TA 
Oto +70 
1-55to 
+125 
··C 


Storage Temperature Range 
Tstg 
·c 
Metal 
and Ceramic 
Packages 
-65 to + 150 
Plastic Packages 
-55to 
+125 


Note 
1. 
For supply 
voltages 
less than 
+ 15 V. the 
absolute 
maximum 
input 
voltage 
is equal 
to 


the 
supply 
voltage. 


Note 
2. 
Supply 
voltage 
equal 
to or less than 
15 V. 


OPERATIONAL 
AMPLIFIER 
SILICON MONOLITHIC 


INTEGRATED 
CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601-04NC 


f:;; Ofh., NU'@VCC 


Invt 
Input 
• 
Output 


8 
1 
NonlOvt 
Input' 
• 
• 
Offset Null 


VEE 


(Top 
View) 
• 
USUFFIX ~wn 
CERAMIC PACKAGE 
~~; 


CASE 693-02 
8 


1 


o SUFFIX 


• 
' 
PLASTIC PACKAGE 


8 
, 
' 
CASE 751-02 


1 
50-8 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 


Offset 
NUII~' 
NC 
Invt 
Input' 
. VCC 


Noninvt 
Input,. 
• Output 


VEE 
• 
• Offset 
Null 


(Top 
View) 


II 


MC1741 
MC1741C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
VIO 
- 
1.0 
5.0 
- 
2.0 
6.0 
mV 
IRS";;lOkl 


I nput 
Offset 
Current 
110 
~ 
20 
200 
- 
20 
200 
nA 


Input Bias Current 
liB 
- 
BO 
500 
- 
BO 
500 
nA 


Input Resistance 
'; 
0.3 
2.0 
- 
0.3 
2.0 
- 
Mn 


Input Capacitance 
C; 
- 
1.4 
- 
- 
1.4 
- 
pF 


Offset 
Voltage 
Adjustment 
Range 
VIOR 
- 
1.15 
- 
- 
1.15 
- 
mV 


Common 
Mode Input Voltage Range 
VICR 
±'12 
1.13 
- 
1.12 
1.13 
- 
V 


Large Signal Voltage Gain 
Av 
50 
200 
- 
20 
200 
- 
V/mV 
IVO = ±10 V, RL ;;>2.0 kl 


Output 
Resistance 
'0 
- 
75 
- 
- 
75 
- 
n 


Common Mode Rejection 
Ratio 
CMRR 
70 
90 
- 
70 
90 
- 
dB 


IRS ";;10 kl 


Supply 
Voltage 
Rejection 
Ratio 
PSRR 
- 
30 
150 
- 
30 
150 
/lVIV 


IRS";; 10 kl 


Output 
Voltage 
Swing 
Vo 
V 
IRL;;> 10 kl 
1.12 
1.14 
- 
1.12 
1.14 
- 
IRL;;>2 
kl 
±-10 
±'13 
- 
±.10 
1.13 
- 


Output 
Short-Circuit 
Current 
los 
- 
20 
- 
~ 
20 
- 
mA 


Supply 
Current 
10 
- 
1.7 
2.8 
- 
1.7 
2.8 
mA 


Power Consumption 
Pc 
- 
50 
85 
- 
50 
85 
mW 


Transient 
Response 
(Unity 
Gain 
- 
Non-Inverting) 


IVI = 20mV, 
RL" 
2k, 
CL" 
100pFI 
Rise Time 
lTLH 
~ 
0.3 
- 
- 
0.3 
- 
/lS 


IVI =20mV, 
RL" 
2k,CL" 
100pFI 
Overshoot 
os 
- 
15 
- 
~ 
15 
- 
% 
IVI = 10 V, 
R L •• 2 k, CL •• 100 pF I 
Slew 
Rate 
SR 
- 
0.5 
- 
- 
0.5 
- 
V//lS 


MC1741 
MC1741C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Mi" 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
VIO 
~ 
1.0 
6.0 
- 
- 
7.5 
mV 


IRS";; 10 kDJ 


Input 
Offset 
Current 
110 
nA 


ITA = 1250CI 
- 
7.0 
200 
- 
- 
- 


ITA = -55°C I 
- 
85 
500 
- 
- 
- 


IT A = OoC to +700CI 
- 
- 
- 
- 
- 
300 


Input 
Bias 
Current 
liB 
nA 
ITA = 1250CI 
- 
30 
500 
- 
- 
- 


ITA = -550CI 
- 
300 
1500 
- 
- 
- 


IT A = OoC to +700CI 
- 
- 
- 
- 
- 
800 


Common 
Mode 
Input 
Voltage 
Range 
VICR 
1.12 
1.13 
- 
- 
- 
- 
V 


Common 
Mode 
Rejection 
Ratio 
CMRR 
10 
90 
- 
- 
- 
- 
dB 
IRS";;lOkl 


Supply 
Voltage 
Rejection 
Ratio 
PSRR 
- 
30 
150 
- 
- 
- 
/lVIV 


IRS ";;10 kl 


Output 
Voltage 
Swing 
Vo 
V 


IRL;;> 10 kl 
±-12 
1.14 
- 
- 
- 
- 


IRL;;>2 
kl 
±-10 
1.13 
- 
1.10 
1.13 
- 


Large 
Signal 
Voltage 
Gain 
Av 
25 
- 
- 
15 
- 
- 
V/mV 
(RL 
~2 
k, 
Vout 
= ±10 
VI 


Supply 
Currents 
10 
mA 
ITA = 1250CI 
- 
1.5 
2.5 
- 
- 
- 


ITA = -550CI 
- 
2.0 
3.3 
- 
- 
- 


Power 
Consumption 
(T A 
- 
+12SoCl 
Pc 
- 
45 
75 
- 
- 
- 
mW 


ITA: 
-550CI 
- 
60 
100 
- 
- 
- 


-Thigh 
= 12SoC 
for 
MC1741 
and 
70°C 
for 
MC1741C 


Tlow 
= -5SoC 
for 
MC1741 
and oOe for 
MC1741C 


~~ 
•... 


=> 
zj 
10 


- 


II 
- 


~K 


AV' 
10, RS' 
100 kl! 


- 
I'- 
- 


- 
- 


~ 
10.0 


~ 
8.0 
~~ 
~ 
6.0 


4,0 


Unlike 
ccnventional 
peak 
reading 
or 
RMS 
meters, 
this 
system 
was 


especially 
designed 
to provide 
the qUick 
response 
time essential 
to 


burst 
(popcorn) 
noise 
testing. 


Positive 


Threshold 
Voltage 


Low 
Pass 


Filter 


1.0 Hz to 1 kHz 


Negative 
Threshold 
Voltage 


The 
test 
time 
employed 
is 10 
seconds 
and 
the 
20 ~V peak 


lImit 
refers 
to 
the 
operational 
amplifier 
input 
thus 
eliminating 


errors 
in 
the 
closed·loop 
gain 
factor 
of 
the 
operational 
amplifier 
under 
test. 
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FIGURE 6 - POWER BANOWIDTH 


(LARGE SIGNAL SWING versus FREQUENCY) 
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Vee. 
IVEEI. 
SUPPl 
Y VOL TAGES 
(VOL TSI 


Peckege 


Metal Can 


50-8 
Metal Can 
Plastic DIP 


MC1741SG 
MC1741SCO 
MC1741SCG 
MC1741SCPl 


Tempereture Renge 


- SS·C to + 12S·C 


O"Cto 
+70"C 
O"Cto 
+70·C 
O"Cto + 70·C 


HIGH SLEW 
RATE, INTERNALLY 
COMPENSATED 
OPERATIONAL 
AMPLIFIER 


The MC1741 S/MC1741SC is functionally 
equivalent, pin com- 
patible, and possessesthe same easeof use as the popular MC1741 
circuit, 
yet offers 20 times higher slew rate and power bandwidth. 


This device is ideally suited for D-to-A converters due to its fast 
settling time and high slew rate. 


• 
High Slew Rate - 
10 V/Ms Guaranteed Minimum (for unity gain only) 


• 
No Frequency Compensation Required 


• 
Short-Circuit Protection 


• 
Offset Voltage Null Capability 


• 
Wide Common-Mode and Differential Voltage Ranges 


• 
Low Power Consumption 


• 
No Latch-Up 


V,ef" 
2 0 Vei. 


Rl 
•• R 2 
== 1 0 kH 
RO" 
5 0 k\! 


MC1741S 
MC1741SC 


OPERATIONAL 
AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


I 
.Il 


1m 


8 1 


G SUFFIX 


METAL 
PACKAGE 
CASE 
601-04 


O~~~~T~080 
1 
Vcc 


lNVT 
INPUT 
6 
OUTPUT 
, 
0' 
NONINVT 
3 
4 
OFFSET 


INPUT 
Vee 
NULL 


••• 
o SUFFIX 


PLASTIC 
PACKAGE 


CASE 
751-02 


SO-8 


Pl 
SUFFIX 
PLASTIC 
PACKAGE 


CASE 
626-05 


OFFSET NULLM'NC 


INVT INPUT 
2 
1 
Vcc 


NONINVT 
INPUT 
~ 
6 
OUTPUT 


VeE 
5 
OFFSET NULL 


Theoretical 
Vo 


V~ 
[~+~+~+~+~+~+~+~] 
Vo = R1 (ROI 
2 
4 
8 
16 
32 
64 
128 
256 


Settling 
time 
to 
within 
1/2 LSB (±19.5 
mV) 
is approxi- 


mately 
4.0 
/J.s from 
the 
time 
that 
all 
bits 
are 
switched. 


*The 
value 
of 
C may 
be selected 
to 
minimize 
overshoot 
and ringing (e ~ 150 pF). 


2 V 
[ I 
1 
1 
1 
1 
1 
1 
1] 
[255] 
VO=-(5k1 
-+-+-+-+-+-+-+-=10V 
- 
=9.961V 
1 k 
2 
4 
8 
16 
32 
64 
128 
256 
256 


FIGURE 2 - 
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Value 


Rating 
Symbol 
MC1741SC 
I 
MC1741S 
Unit 


Power Supply Voltage 
VCC 
+18 
I 


+22 
Vdc 


VEE 
-18 
-22 


Differential 
J nput Signal Voltage 
VlD 
±30 
Volts 


Common-Mode 
Input Voltage Swing (See Note 
1) 
VICR 
±15 
Volts 


Output 
Short-Circuit 
Duration 
(See Note 
2) 
ts 
Continuous 


Power Dissipation 
(Package Limitation) 
Po 
Metal Package 
680 
mW 


Derate 
above 
TA = +2SoC 
4.6 
mWf'C 


Plastic Dual In-Line 
Package 
625 
mW 


Derate 
above 
TA .: +2SoC 
5.0 
mW/oC 


Operating Ambient 
Temperature 
Range 
TA 
o to +75 
I -55 
to +125 
°c 


Storage Temperature 
Range 
T 5t9 
°c 
Metal Package 
-65 to +150 


Plastic 
Package 
-55 
to +125 


'" 
~ 
100 
>« 
cD 
50 


II 


II 


MC1741S 
MC1741SC 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Power Bandwidth 
(See Figure 31 
BWp 
kHz 
Av: 
1, RL: 
2.0 kn, THO: 
5%, Va: 
20V(p-pl 
150 
200 
- 
150 
200 
- 


Large-Signal 
Transient 
Response 
Slew Rate (Figures 
lOand 
11) 
SR 


VI-l 
to VI+) 
10 
20 
- 
10 
20 
- 
V/p,s 


VI+) to VI-J 
10 
12 
- 
10 
12 
- 


Settl·ng 
Time 
(Figures 
10 and 
11) 
tsetlg 
- 
3.0 
- 
- 
3.0 
- 
", 


(to 
within 
0.1%) 


Smail-Signal 
Transient 
Response 


(Gain = 1. Ein = 20 mV, see Figures 7 and 81 


Rise 
Time 
tTLH 
- 
0.25 
- 
- 
0.25 
- 
", 


Fall 
Time 
tTHL 
- 
0.25 
- 
- 
0.25 
- 
", 


Propagation Delay Time 
tPLH.tPHL 
- 
0.25 
- 
- 
0.25 
- 
", 


Overshoot 
as 
- 
20 
- 
- 
20 
- 
% 


Short,Clrcuit 
Output 
Currents 
10S 
+10 
- 
+35 
±10 
- 
±35 
mA 


Open-Loop 
Voltage 
Gain 
(R L 
2.0 
kn) 
(See 
Figure 
4) 
Avol 
- 


Va 
±10V,TA 
+2Soc 
50,000 
200,000 
- 
20,000 
100,000 
- 


Va 
= ±10 V. TA'" Tlow· 
to Thigh· 
25,000 
- 
- 
15,000 
- 
- 


Output Impedance (f 
= 20 Hz) 
Zo 
- 
75 
- 
- 
75 
- 
n 


Input 
Impedance 
If: 
20 Hz) 
z; 
0.3 
1.0 
- 
0.3 
1.0 
- 
Mn 


Output 
Voltage 
Swing 
Va 
Vpk 
RL: 
10 kn, TA: 
Tlow to Th;gh (MC1741 S only) 
±12 
±14 
- 
±12 
±14 
- 


RL: 
2.Okn, 
TA 
+25uC 
±lO 
±13 
- 
±10 
I 
±13 
- 


RL:; 
2.0 
kn, 
T A = Tlow 
to ThiQh 
±10 
- 
- 
±10 
- 
- 


Input Common-Mode 
Voltage 
Range 
VICR 
±12 
±13 
- 
±12 
±13 
- 
Vpk 


TA: 
Tlow to Th;gh (MC1741S) 


Common-Mode 
Rejection 
Ratio 
(f 
=" 
20 
Hz) 
CMRR 
70 
90 
- 
70 
90 
- 
dB 


TA: 
Tlow to Th;gh IMC1741S) 


Input 
Bias Current 
(See 
Figure 
21 
liB 
nA 


T A"" 
+2SoC 
and 
Thigh 
- 
200 
500 
- 
200 
500 


TA==Ttow 
- 
500 
1500 
- 
- 
800 


Input 
Offset 
Current 
Pial 
nA 


TA 
==+250C 
and 
Thigh 
- 
30 
200 
- 
30 
200 


TA 
==Tlow 
- 
- 
500 
- 
- 
300 


Input 
Offset 
Voltage 
(RS 
== ~10 
kn) 
IVlol 
mV 


T A 
== +250C 
- 
1.0 
5.0 
- 
2.0 
6.0 


TA 
"" Ttowto 
Thigh 
- 
- 
6.0 
- 
- 
7.5 


DC 
Power 
Consumption 
(See 
Figure 
9) 
Pc 
mW 


(Po~er 
Supply"" 
±15 
V, Vo ==0) 
- 
50 
85 
- 
50 
85 


TA 
==Tlow 
to Thigh 


Positive 
Voltage 
Supply 
Sensitivity 
PSS+ 
"VIV 


(VEE 
constant) 
- 
2.0 
100 
- 
2.0 
150 


TA: 
Tlow to Thigh on MC1741S 


Negative 
Voltage 
Supply 
Sensitivity 
PSS- 
"VIV 


(VCC 
constant) 
- 
10 
150 
- 
10 
150 


TYPICAL 
CHARACTERISTICS 


(VCC :: +15 Vdc. VEE ""-15 
Vdc. T A :::+2SoC unless otherwise noted.) 


\ 


J 


~ 


~ 
+15 


cz 
•.... 
+10 
~ 
V 
a:: 
+5.0 
:;: 
w 
'"« 
!:; 
c> 
~= 
-10 
c 


""~ 
1.0 k 
10 k 


I. FREQUENCY 
(Hz) 


~ 
120- 


~ 
w 
'" 
~ 
> 


100 
c-- 


80 ~ 


Ay:: 
100 
f--- 


RS' 
10 k 
- 


60 
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RS. SOURCE 
RESISTANCE 
(OHMS) 


TYPICAL 
CHARACTERISTICS 


(VCC 
:= +15 Vdc, VEE 
:= -15 
Vdc. T A 
:= +2SoC unless otherwise noted.) 


y 


./ 
---- 


./ / 
V 
.- -- f---- 


70 
I 60 


':n 
--tovL 


SETTLING 
TIME 
In order to properly utilize the high slew rate and fast 
settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit 
board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. In bypassing, both 
low 
and high-frequency components should 
be con· 
sidered to avoid the possibility of excessiveringing. In 
order to achieve optimum 
damping, the selection of a 
capacitor in parallel with the feedback resistor may be 


necessary. 
A 
value 
too 
small 
could 
result 
in 
excessive 


ringing while a value too largewill degradeslew rate and 
settling time. 


SETTLING 
TIME 
MEASUREMENT 
In order to accurately measurethe settling time of an 
operational 
amplifier, 
it is suggested that the "false" 
summing 
junction 
approach 
be taken 
as shown 
in 


Figure 11. This is necessary since it is difficult 
to de- 


termine when the waveform at the output of the op- 
erational amplifier 
settles to within 
0.1% of it's final 
value. Because the output 
and input voltages are ef- 


fectively subtracted from each other at the amplifier 
inverting input, 
this seems like an ideal node for the 
measurement. However, 
the 
probe capacitance at this 
critical 
node can greatly affect 
the accuracy of the 
actual measurement. 


The solution to these problems is the creation of a 
second or "false" summing node. The addition of two 
diodes at this node clamps the error voltage to limit the 


voltage 
excursion 
to 
the 
oscilloscope. 
Because 
of 
the 
voltage divider effect, only one-half of the actual error 


appears 
at 
this 
node. 
For 
extremely 
critical 
measure- 


ments, the capacitanceof the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con- 
sidered. The expression 


tsetlg =.J x2 + y2 + z2 


can be used to determine the actual amplifier 
settling 
time, where 
tsetlg = observedsettling time 
x = amplifier settling time (to be determined) 


y = false summing junction settling time 


z = oscilloscope 
settling 
time 


It should be remembered that to settle within 
±0.1% 
requires 7RC time constants. 
The ±0.1% factor 
was chosen for 
the MC1741S 
settling time 
as it 
is compatible with 
the ±1/2 
LSB 
accuracy of the MC150BLB digital-to-analog converter. 
This D·to·A converter features ±0.1~% maximum error. 


1.0"s1DIV 


FIGURE 
13 - 
EXPANDED 
WAVEFORM 
AT 
FALSE 
SUMMING 
NODE 
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II 


MC1747G 
MC1747L 
MC1747CD 
MC1747CG 
MC1747CL 
MC1747CP2 


- 55°C to + 125°C 
- 55°C to + 125°C 
ere to + 70°C 
O"Cto + 7QoC 
O"Cto + 7QoC 
O"Cto +70"C 


Metal Can 
Ceramic DIP 
50·14 
Metal Can 


Ceramic DIP 


Plastic 
OJP 


(DUAL 
MC1741) 
INTERNAllY 
COMPENSATED, 
HIGH PERFORMANCE 
OPERATIONAL 
AMPLIFIER 


· .. designed 
for use as summing 
amplifiers, 
integrators, 
or am- 
plifiers with operating 
characteristics 
as a function 
of the external 
feedback 
components. 
The MC1747L and MC1747CL are func- 
tionally 
and 
electrically 
equivalent 
to the 
p.A747 
and 
p.A747C 
respectively. 


• 
No Frequency 
Compensation 
Required 


• 
Short-Circuit 
Protection 


• 
Wide Common-Mode 
and Differential 
Voltage 
Ranges 


• 
Low-Power 
Consumption 


• 
No Latch Up 


• 
Offset Voltage 
Null Capability 


FIGURE 
1 - 
HIGH·IMPEDANCE, 
HIGH-GAIN 
INVERTING 
AMPLIFIER 


vce 
vce 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means of illustrating 
typical 
semiconductor 
applications; 
consequently. 
complete 
information 
sufficient 
for 
construction 


purposes 
is not 
necessarily 
given. The 
information 
has been carefully 
checked 
and Is believed 
to 
be 
entlrelv 
reliable. 
However, 
no responsibility 
is assumed 
for 
inaccuracies. 
Furthermore, 


such 
information 
does 
not 
convey 
to 
the 
purchaser 
of the 
semiconductor 
devices 
described 
any 
license 
under 
the 
patent 
right 
of Motorola 
Inc. 
or others. 


Mti1747 
MC1747C 


DUAL 
OPERATIONAL 
AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


G SUFFIX 
METAL 
PACKAGE 
CASE 
603-04 


o SUFFIX 
~ 


PLASTIC 
PACKAGE 
14~ 
••••• :·· 
CASE 
751A-02 


SO-14 


P2 SUFFIX 
PLASTIC 
PACKAGE 


CASE 
646-06 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632-08 


Rating 
Symbol 
MC1747 
I 
MC174.7C 
Unit 


Power Supply 
Voltages 
Vee 
+22 
I 


+18 
IIde 


VEE 
-22 
-18 


Differential 
Input 
Signal Voltage 
<D 
V'D 
+ 30 
Volts 


Common-Mode 
Input 
Swing Voltage 
<2> 
VICR 
.±. 15 
Volts.. 


Output 
Short·Circuit 
Duration 
'OS 
Continuous 


Voltage 
(Measurement 
between 
Offset 
Null 
and VEEI 
+ 0.5 
Volts 


Operating 
Ambient 
Temperature 
Range 
TA 
-5510+125 
I 
o to + 70 
°e 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
I -65 
to +150 
°e 


Junction 
Temperature 
TJ 
°e 
Ceramic and Metal Package 
175 


Plastic Package 
150 


MC1147 
MC1747C 
Characteristics 
Symbol 
Min 
TV_ 
M •• 
Min 
TV_ 
M •• 
Unit 


Input 
Bias Current 
"8 
nAdc 


TA'" 
+250C 
- 
80 
500 
- 
80 
500 


TA = Thigh l3> 
- 
30 
500 
- 
30 
800 


TA=TlowQ) 
- 
300 
1500 
- 
30 
800 


I nput 
Offset 
Current 
'iD 
nAdc 


TA = +2SoC 
- 
20 
200 
- 
20 
200 


TA=Thigh 
- 
7.0 
200 
- 
7.0 
300 


TA=Tlow 
- 
85 
500 
- 
7.0 
300 


'nput 
Offset 
Voltage 
lRS ~ 
10 kn) 
V,O 
mVdc 


TA 
'" +250C 
- 
1.0 
5.0 
- 
1.0' 
6.0 


T A" 
Tlow 
to Thigh 
- 
1.0 
6.0 
- 
1.0 
7.5 


Offset 
Voltage 
Adjustment 
Range 
- 
.±. 15 
- 
- 
± 15 
- 
mV 


Differential 
Input 
Impedance 
IOpen·loop, 
f = 20 Hz) 


Parallel 
I nput 
Resistance 
" 
0.3 
2.0 
- 
03 
2.0 
- 
Mn 


Parallel 
Input 
Capacitance 
e, 
- 
1.4 
- 
- 
1.4 
- 
pF 


Common· 
Mode I nput 
Voltage 
Swing 
VieR 
Volts 


Tlow 
~ 
T A ~ 
Thigh 
± 12 
± 13 
- 
.±. 12 
± 13 
- 


Common· 
Mode Rejection 
Ratio 
fAS '" 10 kn) 
CMRR 
d8 


Tlow 
~ 
T A ~ 
Thigh 
70 
90 
- 
70 
90 
- 


Open-Loop 
Voltage 
Gain 
Avol 
Volts 


T A'" 
+250C 
} 
~0.000 
200.000 
- 
25.000 
200,000 
- 


T 
T 
T 
(VO=±10V,AL=2.0kn) 


A = 
low to 
hilt' 
5.000 
- 
- 
15,000 
- 
- 


Transient 
Response (Unity 
Gain) 


lVin 
= 20 mV, 
RL = 2.0 kn, 
CL ~ 
100 pF) 
Rise Time 
tPU-l 
- 
03 
- 
- 
03 
- 
.' 
Overshoot 
Percentage 
- 
5.0 
- 
- 
5.0 
- 
% 


Slew Rate (Unity 
Gain) 
SA 
- 
0.5 
- 
- 
0,5 
- 
V/JJ,s 


Output 
Impedance 
'0 
- 
75 
- 
- 
75 
- 
ohms 


Short-Circuit 
Output 
Current 
105 
- 
25 
- 
- 
25 
- 
mAde 


Channel Separation 
- 
120 
- 
- 
120 
- 
d8 


Output 
Voltage 
Swing 
(Tlow 
~ 
T A ~ 
Thigh) 
VOA 
Vpk 
RL = 10kn 
± 12 
± 14 
- 
± 12 
± 14 
- 


AL=2.0kn 
+ 10 
+ 13 
- 
+ 10 
+ 13 
- 


Power Supply 
Sensitivity 
IT low to Thigh) 
""VIV 
VEE 
= Constant. 
AS ~ 10 kn 
_SS+ 
- 
30 
150 
- 
30 
150 
VCC 
= Constant, 
AS ~ 10 kU 
PSS- 
- 
30 
150 
- 
30 
150 


Power Supply 
Current 
(each amplified 
ICC,IEE 
mAde 


TA'" 
+2SoC 
- 
1,7 
2.8 
- 
1.7 
2.8 


TA=Tlow 
- 
2.0 
3,3 
- 
2.0 
3.3 


T A = ThiQh 
- 
1,5 
2.5 
- 
2.0 
3.3 


DC Power Consumption 
(each amplifier) 
Pe 
mW 
TA = +250C 
- 
50 
85 
- 
50 
85 
TA=Tlow 
- 
60 
100 
- 
60 
100 


TA = Thigh 
- 
45 
75 
- 
60 
100. 


Q) For supply voltages of less than ± 15 V. the maximum differential input voltage is equal to ± (Vce 
+ IVEEIl, 


i%l For supply voltages of less than 
± 15 V. the maximum input voltage is equal to the supply voltage (+ vcc. ~ IVEEIl. 


13lTlow ; O"Cfor MC1747Cl 


-55~C for MC1747l 


Thigh; + 70"C for MC1747Cl 


+ 125~Cfor MC1747l 


II 


II 


FREQUENCY 


SHIFT 
OUTPUT 


TYPICAL CHARACTERISTICS 


IVCC:- 
+15 Vdc, VEE 
== -15 
Vdc, TA 
== +2SoC unless otherwise noted.! 


FIGURE 5 - OPEN·LOOP VOLTAGE 
GAIN 


yersus 
POWER·SUPPLY VOL TAGE 
FIGURE 6 - OPEN·LOOP FREQUENCY 
RESPONSE 
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TYPICAL 
CHARACTERISTICS 
(continued) 


(VCC'" 
+15 Vdc, Vee 
= -15 
Vdc, TA = +2SoC unless otherwise noted.> 
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FIGURE 
10 - OUTPUT 
NOISE yersus SOURCE RESISTANCE 
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II 


MC1748CG 
MC1748CP1 
MC1748CU 


O°C to +70OC 
OOCto +70°C 
O°C to +700C 


Metal Can 
Plastic 
DIP 
Ceramic 
DIP 


HIGH PERFORMANCE 
OPERATIONAL 
AMPLIFIER 


. designed for use as a summing amplifier, 
integrator, or amplifier 
with operating characteristics as a function 
of the external feedback 
components. 


• 
Noncompensated MC1741 


• 
Single 30 pF Capacitor Compensation Required For Unity Gain 


.• 
Short-Circuit 
Protection 


• 
Offset Voltage Null Capability 


• 
Wide Common-Mode and Differential 
Voltage Ranges 


• 
Low-Power Consumption 


• 
No Latch Up 


P1 SUFFIX 
PLASTICPACKAGE 
CASE626-05 
(MC'748C Only)• 


U SUFFIX 
CERAMICPACKAGE 
CASE693-02 


Input< 1 ' 


G SUFFIX 
METAL PACKAGE 
CASE601.()4 


A2 
C2 


Al 


-V, 
Al 
AJ 
Vo 
vi 
.V, 
Vo 


AJ 


1 
C2'-- 
21l'foR2 


fo = 3.0 MHz 


Rating 
Symbol 
MC1748 
MC1748C 
Unit 


Power 
Supply 
Voltage 
VCC 
+22 
+18 
Vdc 


VEE 
-22 
-18 


DIfferentIal 
Input 
SIgnal 
V,n 
±.30 
Volts 


Common-Mode 
Input 
SWlng,CD 
V'CR 
±15 
Volts 


Output 
Short 
CirCUIt 
Duration 
ts 
Continuous 


Power 
Dtsslpation 
(Package 
limitatIon) 
Po 
680 
mW 


Derate 
above 
T A = +250C 
4.6 
mW/oC 


Operating 
Temperature 
Range 
TA 
-55 
to +125 
o to +70 
oc 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
I 
-65 to +150 
oc 


MC1748 
MC1748C 


Characteristics 
Symbol 
Min 
TVp 
Max 
Min 
TVp 
Max 
Unit 


Input 
BIas Current 
'18 
~Adc 


T A = +2SoC 
- 
0.08 
0.5 
- 
0.08 
0.5 


T A 
= Tlow 
to Thlgh@ 
- 
0.3 
1.5 
- 
- 
0.8 


Input 
Offset 
Cl:lrrent 
11101 
/JAde 


T A'" 
+2SoC 
- 
0.02 
0.2 
- 
0.02 
02 


T A = Tlow 
to ThIgh 
0.08 
0.5 
- 
03 


Input 
Offset 
Voltage 
fRS 
~ 10 k HI 
IV,OI 
mVdc 


T A = ~ 2SoC 
- 
1.0 
5.0 
1.0 
6.0 


T A = Tlow 
to ThIgh 
- 
6.0 
- 
- 
7.5 


DIfferentIal 
Input 
Impedance 
lOpen-Loop, 
f - 
20 
Hz) 


Parallel 
Input 
ReSIstance 
Rp 
0.3 
2.0 
- 
0.3 
2.0 
- 
Megohm 


Parallel 
Input 
Capacitance 
Cp 
- 
1.4 
- 
1.4 
- 
pF 


Common-Mode 
Input 
Impedance 
If 
20 Hz) 
',n 
- 
200 
- 
- 
200 
Megohms 


Common-Mode 
I nput 
Voltage 
Swing 
V'CR 
±12 
±13 
- 
±12 
.:t13 
- 
Vpk 


Common-Mode 
Rejection 
Ratio 
(f = 100 
Hzl 
CMRR 
70 
90 
- 
70 
90 
- 
d8 


Open-Loop 
Voltage 
GaIn, 
(Vo 
- ± 10 V, R L = 2.0 k ohmsl 
Avol 
VIV 


T A = +2SoC 
50,000 
200,00< 
- 
20,000 
200,00< 
- 


T A = Tlow 
to Thigh 
25,000 
- 
- 
15,000 
- 
- 


Step 
Response 
(Vin 
= 20mV,Cc 
=30pF. 
RL = 2kH. 
CL = lOOpFI 


RIse TIme 
t, 
- 
03 
- 
- 
0.2 
- 
.s 


Overshoot 
Percentage 
- 
5.0 
- 
- 
5.0 
- 
% 


Slew 
Rate 
dVout/dt 
- 
08 
- 
- 
0.8 
- 
V/j.J.s 


Output 
t mpedance 
If = 20 Hz) 
'0 
- 
75 
- 
- 
75 
- 
ohms 


Short-CIrcuit 
Output 
Current 
'sc 
- 
25 
- 
.- 
25 
- 
mAde 


Output 
Voltage 
SWing 
(RL 
= 10 k ohms) 
Vo 
±12 
±14 
- 
±.12 
±14 
- 
Vpk 


RL = 2 k ohms 
IT A = Tlow 
to thigh) 
±10 
i13 
- 
±.lO 
±.13 
- 


Power 
Supply 
sensItIvIty 
~V/V 
Vee '"constant. 
As " 
10k 
ohms 
5+ 
- 
30 
150 
- 
30 
150 


V CC = constant. 
As " 
10k 
ohms 
5- 
- 
30 
150 
- 
30 
150 


Power 
Supply 
Current 
10+ 
- 
167 
2.83 
- 
1.67 
2.83 
mAde 


'0 - 
- 
1.67 
2.83 
- 
1.67 
2.83 


DC Quiescent 
Power 
Dissipation 
Po 
mW 


IVo' 
0) 
- 
50 
85 
- 
50 
85 


oOC for MC1748C 
-SSoC for MC' 748 
.700 
for MC, 748C 


.'2SoC 
fOTMC1748 


II 


TYPICAL 
CHARACTERISTICS 


(VCC'" 
+15 V. VEE '" -15 
V, TA = +250C 
unless otherwise 
noted.) 


~ 
o 
16 
~ 
'"z 
: 
12 
w 
'"~ 
o 
8.0 


> 
>-"~ 
z 
4.0 


<i;; 


~ 


~ 
16 


w 
'"z 
: 
12 
w 
'"~ 
o 
8.0 
> 
>-"~ 
>-g 
4.0 


100 


94 
~ 
z 
;;: 
88 
'" 
'"~ 
82 
0> 
:> 
'" 
76 


70 
0 
5.0 
10 
15 


VCC AND 
(- 
VEE), SUPPLY 
VOLTAGE 
(VOLTS) 


+160 


+140 


~ 
+120 


z 
;;;,::+100 
'" 
'" 
'SO 


~ '60 
0 
> 
:> 
'40 


'" 
'20 


SINGLE·POLE 
COMPENSATION 


? 
3 


2 


~ 
~~~o 
._ 


2 


- 
PHAS~ 
1 


C/~ 
'Z 
v 
~~ 
I 
0# ~ 
~ 
../ 


9 


GAIN 
..••..•... 
...•.•..• 
~ 
'- 


4 


0 
" 


;{ 
..s 
2.0 
~ 
>-z~ 


~ 
1,5 
': 


~ 
1,0 
~ 


5.0 
10 
15 


VCC AND 
(- 
VEE), SUPPLY 
VOLTAGE 
(VOLTS I 


'" 
70 ~ 
~ 


25~ 
~ 


80 ~ 
~ 


35 ~ 
~ 


~ ~ 


>- 


<5 


SINGLE·POLE 
COMPENSATION 


- 
r- I- 


1\ 


INPUT 


.••• 1 
I 
\ 
I 
1/ 


OUTPUT - 
1/ 


"- 
I 
1-- 


§ +a.o 


c:. 
+6.0 
> 
;: 
+40 
'": 
+20 


'" 
; 
-20 
o 


~ 
-40 


> 
-60 
~ 


-> 
-8.0 


-10 


FEEOFORWARO 
COMPENSATION 


\ 
'\ 
"- 


I'-.. 


......... 


~ 
o> 
'16 


'"" 
: 
!12 


'" 
~ 
>~"~~" 
o 


+140 


+120 


~ 
+100 
" 
-80 
;;0 
'"w 
-60 
'"~ 
0 
-40 
>,; 


'" 
-20 


_10 


~ 
+8.0 
o 
~ 
+6.0 


~ 
-8.0 
> 


-10 


FEEOFORWARO 
COMPENSATION 
I 
I 


OUTPUT 
~ 
~ 
- 
.- -+T 
f 


INPUT 


- 
-- 


~ 
+4.0 
;i 


'"~ 
o>~"~~" 
o 


'-0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
80 
90 


I, TIME l~s) 


~ 
MOTOROLA 


Specifications 
and Applications 
Information 


MONOLITHIC 
MICROPOWER 
PROGRAMMABLE 
OPERATIONAL 
AMPLIFIER 


This extremely versa~ileoperational ampli!ier featureslow power 


consumption and high input impedance. In addition, the quiescent 
currents 
within 
the 
device 
may 
be programmed 
by the 
choice 
of 
an external 
resistor 
value 
or current 
source 
applied 
to the 
Iset input. 


This allows the amplifier's characteristics to be optimized for input 


current 
and power 
consumption 
despite 
wide variations 
in operating 


power 
supply 
voltages. 


• 
± 1.2 
V to ± 18 V Operation 


• 
Wide 
Programming 
Range 


• 
Offset 
Null 
Capability 


• 
No Frequency 
Compensation 
Required 


• 
Low 
Input 
Bias 
Currents 


• 
Short-Circuit 
Protection 


TVPlcal 
Aset Values 


VCC,VEE 
lset"" 
1 5IJ.A 
IS!!t'" 
15 JJA 


t6 OV 
36MU 
360 k!l 


"!10V 
62MH 
620tdl 
!12V 
7 5 Mil 
750 kH 


~15V 
lOMU 
10MU 


Rset to NEGATIVE 
SUPPLY 


(Recommended 
for supp1v voltage 


less than 
:6 
0 V I 


TVPlcal 
Rset 
Values 


VCC·VEE 
Iset 
- 
'51JA 
Iset'" 
15IJA 


!15V 
16 
M!l 
160 k!2 


!30V 
36M!! 
360 
kH 


~6 OV 
75 
MH 
750 
kH 


!15 
V 
20 
MS! 
20 
MH 


M\;l//tJ 
MC1776C 


PROGRAMMABLE 
OPERATIONAL 
AMPLIFIER 


G SUFFIX 
METAL 
PACKAGE 
CASE 
601-04 


•• 


P1 SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 
(MC1776C 
Only) 


~ 
1 


U SUFFIX 
CERAMIC 
PACKAGE 
CASE 
693-02 
8.- 
1 


o SUFFIX 
PLASTIC 
PACKAGE 


CASE 
751-02 


SO-8 


Inverting Input 
2 


Non.lnv.rting 
Input 
3 


Device 
emperatur. 
Range 
Package 


MCl776G 
Metal Can 


-55 
to + 125°C 


MCl776U 
Ceramic DIP 


MC1776CD 
50-8 


MC1776CG 
Metal Can 
o to + 70°C 
MC1776CPl 
Plastic DIP 


MC1776CU 
Ceramic DIP 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltages 
VCC. VEE 
,18 
Vdc 


Differential 
Input Voltage 
VIO 
;30 
Vdc 


Common-Mode 
Input Voltage 
VICM 
VCC and Nee 
< 15 V 
VCC.VEE 
Vdc 


VCC and VEEI;> 
15 V 
,15 


Offset Null to VEE Voltage 
Voff-VEE 
'0.5 
Vdc 


Programming Current 
'set 
500 
~A 


Programming Voltage 
Vset 
(VCC-2.0 
V) 
Vdc 


(Voltage from Iset terminal to ground) 
to 


VCC 
Output Short-Circuit Duration· 
ts 
Indefinite 
s 


Operating Temperature Range 
TA 
°c 
MC1776 
-55 to +125 


MCl776C 
o to +70 


Storage Temperature Range 
Tstg 
°c 
Metal and CeramIc Packages 
-65 to + 150 
Plastic Package 
-55to+125 


Junction Temperature 
TJ 
°c 
Metal and Ceramic Packages 
175 
Plastic Package 
150 


*May 
be to ground or either Supply Voltage. 
Rating applies up to a case temperature of + 125°C 
or ambient temperature of +700C 
and lset ~ 30 J,J.A. 


MC1776 
MC1776C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(AS 
C;; 10 kS2) 
VIO 
mV 


TA=+250C 
- 
2.0 
5.0 
- 
2.0 
6.0 


Tic"",·" 
TA'; 
Thigh· 
- 
- 
6.0 
- 
- 
7.5 


Offset 
Voltage 
Adjustment 
Range 
VIOR 
- 
9.0 
- 
- 
9.0 
- 
mV 


I nput 
Offset 
Current 
110 
nA 


TA = +250C 
- 
0.1 
3.0 
- 
0.1 
6.0 


TA = Th;gh 
- 
- 
5.0 
- 
- 
6.0 


TA =Tlow 
- 
- 
10 
- 
- 
10 


Input 
Bias Current 
liB 
nA 


TA=+250C 
- 
2.0 
1.5 
- 
2.0 
10 


TA = Th;gh 
- 
- 
7.5 
- 
- 
10 


TA =Tlcw 
- 
- 
20 
- 
- 
20 


Input Resistance 
'; 
- 
50 
- 
- 
50 
- 
Mn 


Input 
Capacitance 
c, 
- 
2.0 
- 
- 
2.0 
- 
pF 


Input 
Voltage 
Range 
VID 
V 


Tlcw" 
TA " Thigh 
• 1.0 
- 
- 
, 1.0 
- 
- 


Large 
Signal 
Voltage 
Gain 
AVOL 
VIV 


RL" 
75 kn. Vo =, 
1.0 V. TA = +250C 
50 k 
200 k 
- 
25 k 
200 k 
- 


RL;;' 
75 kn. Vo = '1.0 
V. Tlow" 
TA" 
Th;gh 
25 k 
- 
- 
25 k 
- 
- 


Output 
Voltage 
Swing 
Vo 
V 


RL ~ 75 kn. Tlcw" 
T A ~ Thigh 
• 2.0 
-2.4 
- 
'2.0 
'2.4 
- 


Output 
Resistance 
'0 
- 
5.0 
- 
- 
5.0 
- 
kn 


Output 
Short-Circuit 
Current 
los 
- 
3.0 
- 
- 
3.0 
- 
mA 


Common-Mode 
Rejection 
Ratio 
CMRR 
dB 


RS" 
10 kn, Tlcw" 
TA";: Thigh 
70 
86 
- 
10 
86 
- 


Supply 
Voltage 
Rejection 
Ratio 
PSRR 
~VIV 


RS" 
10 kn. Tlow" 
TA" 
Th;gh 
- 
25 
150 
- 
25 
200 


Supply 
Current 
ICC. lEE 
~A 


TA=+250C 
- 
13 
20 
- 
13 
20 


Tlcw " TA" 
Thigh 
- 
- 
25 
- 
- 
25 


Power Dissipation 
Po 
~W 
TA = +250C 
- 
18 
120 
- 
78 
120 


Tlcw" 
TA" 
Thigh 
- 
- 
150 
- 
- 
150 


Transient 
Response 
(Unity 
Gain) 
V;n = 20 mV. RL" 
5.0 kll. 
CL = 100 pF 
Rise Time 
tTLH 
- 
3.0 
- 
- 
3.0 
- 
~s 
Overshoot 
OS 
- 
0 
- 
- 
0 
- 
% 


Slew Rate (RL ~ 5.0 kH) 
SR 
- 
0.03 
- 
- 
0.03 
- 
V/lJs 


MCl776 
MC1776C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 
(RS •••.10 kn) 
VIO 
mV 


TA' 
+250C 
- 
2.0 
5.0 
- 
2.0 
6.0 


Tlcw·" 
TA" 
Thigh· 
- 
- 
6.0 
- 
- 
7.5 


Offset Voltage Adjustment 
Range 
VIOR 
18 
18 
mV 


Input 
Offset 
Current 
110 
nA 


TA' 
+250C 
- 
2.0 
15 
- 
2.0 
25 


TA:Th;gh 
- 
- 
15 
- 
- 
25 


TA =T\ow 
- 
- 
40 
- 
- 
40 


Input 
Bias Current 
118 
nA 


TA'+250C 
- 
15 
50 
- 
15 
50 


TA'Th;gh 
- 
- 
50 
- 
- 
50 


TA = rlalN 
- 
- 
120 
- 
- 
100 


Input Resistance 
'; 
- 
5.0 
- 
- 
5.0 
- 
Mf! 


Input Capacitance 
c, 
- 
2.0 
- 
- 
2.0 
- 
pF 


Input 
Voltage 
Aange 
VIO 
V 


Tlow"' 
TA" 
Thigh 
'1.0 
- 
- 
• 1.0 
- 
- 


Large 
Signal 
Voltage 
Gain 
AVOL 
VIV 


RL >5.0kf!. 
VO" 
1.0 V. TA' 
+250C 
50 k 
200 k 
- 
25 k 
200 k 
- 


RL ;>5.0kf!. 
VO" 
1.0 V. Tlo",," 
TA" 
Th;gh 
25 k 
- 
- 
25k 
- 
- 


Output 
Voltage 
Swing 
Vo 
V 


RL ;?5.0 kH. Tlcw ~ TA ~ ThIgh 
'1.9 
,2.1 
- 
• 2.0 
• 2.1 
- 


Output 
ReSistance 
'0 
1.0 
1.0 
kll 


Output 
Short-Circuit 
Current 
los 
- 
5.0 
- 
- 
5.0 
- 
mA 


Common-Mode 
Rejection 
RatiO 
CMRR 
d8 


AS" 
10 kn. 
TlaIN '" TA"' 
Thigh 
70 
86 
- 
70 
86 
- 


Supply 
Voltage 
Rejection 
Ratio 
PSRR 
~VIV 


AS" 
10 kn, TloV\l'" 
TA 
s;;;: Thigh 
- 
25 
150 
- 
25 
200 


Supply 
Current 
ICC, lEE 
~A 


TA·+250C 
- 
130 
160 
- 
130 
170 


TlcIN " TA" 
Thigh 
- 
- 
180 
- 
- 
180 


Power Dissipation 
Po 
~W 


TA' 
+250C 
- 
780 
960 
- 
780 
1020 


Tlo"" •• TA •• Th;gh 
- 
- 
1080 
- 
- 
1080 


Transient 
Response (Unity 
Gain) 


V;n' 
20 mV. RL;;' 
5.0 kf!. CL' 
100 pF 
Rise Time 
'TLH 
- 
0.6 
- 
- 
0.6 
- 
~, 


Overshoot 
OS 
- 
5.0 
- 
- 
5.0 
- 
% 


Sle"" Rat. IR L ;;. 5.0 knJ 
SR 
- 
0.35 
- 
- 
0.35 
- 
V/~, 


MC1776 
MC1776C 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Input Offset 
Voltage 
(AS" 
10 kUI 
VIO 
mV 


TA=+250C 
- 
2.0 
5.0 
- 
2.0 
6.0 


Tlow·" 
TA" 
Thigh- 
- 
- 
6.0 
- 
- 
7.5 


Offset 
Voltage 
Adjustment 
Range 
VIOR 
- 
9.0 
9.0 
mV 


Input 
Offset 
Current 
110 
nA 


TA = +250C 
- 
0.7 
3.0 
- 
0.7 
6.0 


TA = Thigh 
- 
- 
5.0 
- 
- 
6.0 


TA = Tlcw 
- 
- 
10 
- 
- 
10 


Input 
Bias 
Current 
liB 
nA 


TA = +250C 
- 
2.0 
7.5 
- 
2.0 
10 


TA = Thigh 
- 
- 
7.5 
- 
- 
10 


TA =Tlow 
- 
- 
20 
- 
- 
20 


Input 
Resistance 
'i 
- 
50 
- 
50 
Mil 


Input 
Capacitance 
ci 
- 
2.0 
- 
- 
2.0 
pF 


Input 
Voltage 
Range 
VID 
V 


Tlcw 
" T A 
"i; 
Thigh 
' 10 
- 
- 
, 10 
- 
- 


Large 
Signal 
Voltage 
Gain 
AVOL 
V/V 


RL" 
75 kfl, Vo =, 10 V, TA = +250C 
200 k 
400 k 
- 
50 k 
400 k 
- 


RL" 
75kfl,VO 
= ,10V, 
Tlow •• TA ';;Thigh 
100 k 
- 
- 
SOk 
- 
- 


Output 
Voltage 
Swing 
Vo 
V 


RL" 
75 kil, 
TA = +250C 
. 12 
,14 
- 
, 12 
,14 
- 


AL ~ 75 kS1. Tlcw 
'" TA" 
Thigh 
,10 
- 
- 
, 10 
- 
- 


Output 
Resistance 
'0 
- 
5.0 
- 
5.0 
kil 


Output 
Short-Circuit 
Current 
los 
- 
3.0 
- 
- 
3.0 
- 
mA 


Common·Mode 
Rejection 
Ratio 
CMRR 
dB 
RS" 
10 kn. Tlow" 
TA:S; Thigh 
70 
90 
- 
70 
90 
- 


Supply 
Voltage 
Rejection 
Ratio 
PSRR 
~V/V 


RS" 
10 k!1, Tlow" 
TA" 
Thigh 
- 
25 
150 
- 
25 
200 


Supply 
Current 
ICC, lEE 
~A 


TA=+250C 
- 
20 
25 
- 
20 
30 


Tlcw 
C;;; TA" 
Thigh 
- 
- 
30 
- 
- 
35 


Power Dissipation 
PD 
mW 


TA = +250C 
- 
- 
0.75 
- 
- 
0.9 


Tlcw" 
TA" 
Thigh 
- 
- 
0.9 
- 
- 
1.05 


Transient Response (Unity 
Gain) 
Vin = 20 mV, RL" 
5.0 kil, 
CL = 100 pF 
Rise Time 
tTLH 
- 
1.6 
- 
- 
1.6 
- 
~s 
Overshoot 
OS 
- 
0 
- 
- 
0 
- 
% 


Slew Rate (RL ~ 5.0 knl 
SR 
- 
0.1 
- 
- 
0.1 
- 
V/v.s 


MC1776 
MC1776C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 
(AS"'; 
10 kn) 
Via 
mV 


TA' 
+250C 
- 
2.0 
5.0 
- 
2.0 
6.0 


Tlow·" 
TA':; Thigh- 
,. 
- 
6.0 
,. 
- 
7.5 


Offset Voltage Adjustment 
Range 
V,OR 
- 
18 
- 
- 
18 
- 
mV 


Input Offset Current 
110 
nA 


TA' 
+250C 
- 
2.0 
15 
- 
2.0 
25 


T A 
= Thigh 
- 
- 
15 
- 
- 
25 


TA =Tlow 
.. 
- 
40 
- 
- 
40 


Input Bias Current 
118 
nA 


TA' 
+250C 
15 
50 
- 
15 
50 


TA : Thigh 
- 
- 
50 
- 
- 
50 


TA=Tlow 
- 
- 
120 
- 
- 
100 


Input Resistance 
r, 


, 
5.0 
- 
- 
5.0 
- 
Mil 


Input Capacitance 
c, 
- 
2.0 
- 
- 
2.0 
- 
pF 


Input Voltage Range 
V,O 
V 


Tlow " T A " Thigh 
,10 
- 
- 
, 10 
- 
- 


Large Signal Voltage Gain 
AVOL 
V/V 


RL "5.0kil. 
Va·' 
10 V. TA' 
+250C 
100 k 
400 k 
- 
50 , 
400 , 
- 


RL" 
75 kil. Va·' 
10 V. T,ow" 
TA" 
Th;gh 
75 , 
- 
- 
so, 
- 
- 


Output 
Voltage 
Swing 
Va 
V 


RL •• 5.0kil. 
TA = +250C 
'10 
,13 
- 
,10 
"3 
- 


RL;;' 75 kn. 
Tlow" 
TA" 
Thigh 
,10 
- 


, 
<10 
- 
- 


Output 
Resistance 
'0 
- 
1.0 
- 
- 
1.0 
- 
'il 


Output 
Short-CirCUit 
Current 
'os 
- 
12 
- 
- 
12 
- 
mA 


Common-Mode 
Rejection 
Ratio 
CMRR 
d8 


RS" 
10 kn. 
T10w 
" 
TA " Thigh 
70 
90 
- 
70 
90 
- 


Supply 
Voltage 
Rejection 
RatIO 
PSRR 
~V/V 


AS" 
10 kn. Tlow" 
TA" 
Thigh 
- 
25 
150 
- 
25 
200 


Supply 
Current 
'CC. 'EE 
~A 


TA = +250C 
- 
160 
180 
- 
160 
190 


Tlow 
III;; TA" 
Thigh 
- 
- 
200 
- 
- 
200 


Power Dissipation 
Po 
mW 


TA = +250C 


, 
- 
5.4 
- 
- 
5.7 


Tlow 
" TA';;; Thigh 
- 
- 
6.0 
- 
- 
6.0 


Transient 
Response (Unity 
Gainl 


Vin = 20 mY. RL" 
5.0 kil. 
CL = 100 pF 


Rise 
Time 
tTLH 
- 
0.35 
- 
- 
0.35 
- 
~s 


Overshoot 
as 
- 
10 
- 
- 
10 
- 
% 


Slew Rate IRL" 
5.0 kill 
SR 
- 
0.8 
- 
- 
0.8 
- 
V/lJs 


TYPICAL 
CHARACTERISTICS 


(T A :::+250C 
unless otherwise noted.) 


;;; 


~ 
10M 
~ 
o•...~ 
~ 
1.0M 


S 


VCC"'+15V 
VEE' 
-15 V 


Aset to VEE 


Vec'" +3 V 
VEE' 
-3 V 


Aset 10 VEE 


Vec:: 
+3 V 


VEE' 
-3 V 


Rset to GNO 


0.1 
In 


Istt, SET CURRENT 
(pAl 


~ 
1.0M 


•... 
u 
=>oo~ 


~ 
lOOk 


oi~ 
:i 
10 k 
Z~ 
'" 


FIGURE 3 - OPEN·LOOP GAIN 
YO"US 
SET CURRENT 


101 


;;- 
~ 
106 


z~~ 
00 
z 


105 
w~ 
0 
;;.; 


- 


..- 


---- 
Vec 
= +15 V- 


- 
RL"15k. 
.- 
VEE· -15 V 


-1 
t t 
-- 
I- 
ttF 
• 


- 


Vec" 
.•.3 V 
VEE 0 -3 V _ 


IA 


I 


30 


1 


24 


•...i 


18 
~.. 
12 
;; 
•... 
~ 
~ 6.0 


I 
I 
I 
+3V",VCC"+18V 
-3V;;;'VEE>-18V 


....•...• 


r--...... 


.......•..•.• 


...•.... r-.... 
Iset" 
1.5pA 


............ 


.......•..•.• 


- 
-lse'01.5"f 
...•.... 
- 


+20 
+40 
+60 
+80 
+too 
+120 
+140 


T. TEMPERATURE lOCI 


·TYPICAl 
CHARACTERISTICS 
(continued 
I 


IT A :: +250C unless otherwise noted.) 


vec:: 
+15 V - 


I: 
- 
VEE'-'5V 
~51JI 
lset 
:: 15~A 
1/ 
VEE' -'5 V 


/ 
'set" 1.5~A 


1/ 


- - 
vec" 
+3V 


VEE' -3V 
1.5.uA" lset"" 
15.uA 


~I 
III 


'0 


36 


~ 
31 


'"z 
18 
~ 
w 
l' 
'"~ 
10 


> 
16 
>- 
co 
>- 
'1 
co 
0 
8.0 
~ 
'.0 


I 


.' 
.1 
- 


f--1.5 
pA ••..Iset ~ 
15 jJA 
Rl" 
75 k 
, 
" 


./' 
/,''''''5"A 


/. ,,/' 
Rl'5k 
- 


Yv-:.- 
~ ~ 


lset'" 
1.5JJ.A 


Rl' 
5 k 


~ 
i./ 
/" 


r 
> 


~ 
10-14 


~ 
> 


~ 
10-15 
~~ 
z.• 


~ 
10.16 


in~ 
:> 


'50 


'10 
;(.3 
>-z 
90 
~~ 
cou~ 60 
~ 
!!> 
30 


/ 


I,.,' 
,t"A 
\ 


Iset"15j.JA- - 
VCC=+15V 
VCC;+3V 
_ 


VEE'-'5V 
VEE' -3 V 
- 


lsel:: 
1.5J,1A_ 
_lset:El.5/.lA 


VCC::+15V 
Vec" 
+3 V 
VEE' -15 V 
-VEE'-3V 
1 
1\ 
r 
I I 


I 
1\ 


I 
I 
o 
-60 
-40 
-20 
0 
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+40 
+60 
+80 
+100 
+120 +140 


T. AM81ENTTEMPERATURElOCI 


'0 


" 


10 


i 


>-~ 0.1 
~ 
~. 


0.0' 


0.1 
1.0 


',.,.SET 
CURRENT",AI 


lor a gil/tn: 


10'" center lrtqulncy 
A (fol '" Gain al canter Irequency 
a", quality leclor 
Choose a I/alu.lor 
C, then 


RS·---.lL- 


II10C 


R 1 • ---'!L 
2A II., 


R2' !!J.ll 
4Q2 Rl·RS 


To obtain less Ihan 10% error from thl operationalamplilier: 


.Qo..!lL 
< 0.1 


GBW 


where '0 and GBW are III pressed in Hz. GBW is al/.ilablt from 
Figure 6 as a funct'ion of Stt Currtnt, Istt. 


FIGURE 15 - MULTIPLE 
FEEDBACK BANDPASS FILTER 


(1.0kHz) 


~ 


I 
C 
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C 


R2 


for a 1.0 kHz filter 
with a '" 10 
and A Ito1 '" 1 


RI 
• 160 k 


Rp 
820 
RS' 300 k 
C· O.Ol"F 


® MOTOROl.A 


Specifications 
and Applications 
Information 


These 
internally 
compensated 
Norton 
operational 
amplifiers 
are designed 
specifically 
for single 
positive 
power 
supply 
appli- 
cations found 
in industrial 
control 
systems 
and automotive 
elec- 
tronics. Each device contains four independent 
amplifiers 
- 
mak- 


ing it ideal for applications 
such as active filters, 
multi-channel 
amplifiers, 
tachometers, 
oscillators 
and other similar 
usages. 


• 
Single-Supply 
Operation 


• 
Internally 
Compensated 


• 
Wide Unity 
Gain Bandwidth: 
4.0 MHz Typical 


• 
Low Input Bias Current: 
50 nA Typical 


• 
High Open-Loop 
Gain: 1000 VN Minimum 


• 
Large Output 
Voltage 
Swing: 
(VCC - 
1) Vp_p 


MAXIMUM 
RATINGS 


LM2900/ 
Rating 
Symbol 
LM3900 
MC3301 MC3401 
Unit 


Supply Voltage 
VCC 
+32 
+28 
+18 
V 


Input Currents (lin + or lin - ) 
lin 
5.0 
5.0 
5.0 
mA 


Output Current 
'0 
50 
50 
50 
mA 


Power Dissipation (TA = + 25'C) 
Po 
625 
625 
625 
mW 
Derate above TA = + 25'C 
1/RBJA 
5.0 
5.0 
5.0 
mWrC 


Operating Ambient 
TA 
- 
-40 to 
o to +70 
'c 
Temperature Range 
+85 
LM2900 
-40 to 
- 
- 
+85 
LM3900 
o to +70 
- 
- 


Storage Temperature Range 
Tstg 
-65to 
-65 to 
-65 to 
'c 


+150 
+150 
+150 


MC3301 LM2900 
MC3401 LM3900 


QUAD 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
- 


1 


N, P SUFFIX 
PLASTICPACKAGE 
CASE646-06 


o SUFFIX 
PLASTICPACKAGE 
CASE751A-02 
50-14 
1.'-' 


1 


NONINV 
Input 1 


NONINV 
Input 2 


INV 
Input 2 


Out 
2 


Out 
1 
5 


INV 
Input 1 


VCC 


NONINV 
Input 3 


NONINV 
Input 4 


INV 
Input 4 


Out 
4 


Out 
3 


INV 
Input 3 


Temperatura 
Device 
Range 
Package 


LM3900D 
50-14 
MC34010 
O'Cto +70'C 
LM3900N 
MC3401P 
Plastic 


LM2900N 
DIP 
- 4O"Cto + 85'C 
MC3301P 


LM2900 
LM3900 
MC3301 
MC3401 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Open-loop Voltage Gain 
AVOl 
V/mV 
f = 100 Hz, Rl = 5.0 k 
1.2 
2.0 - 
1.2 
2.0 - 
1.2 
2.0 
- 
1.2 
2.0 - 
TA = Tlow to Thiah (Notes 1,2) 
- - - - - - - - - 
0.8 - - 


Input Resistance(Inverting Input) 
ri 
- 
1.0 - 
- 
1.0 - - 
1.0 - 
0.1 
1.0 - 
MO 


Output Resistance 
ro 
- 
8.0 - 
- 
8.0 - - 
8.0 - 
- 
8.0 - 
kO 


Input Bias Current (Inverting Input) 
liB 
- 
50 
200 - 
50 
200 - 
50 
300 - 
50 
300 
nA 
TA = Tlow to Thiah (Note 1) 
- - - 
- 
- 
- - - 
- 
- 
- 
500 


Slew Rate (Cl = 100 pF, Rl = 2.0 k) 
SR 
VII'S 
Positive Output Swing 
- 
0.5 - - 
0.5 - - 
0.5 - 
- 
0.5 
- 
Negative Output Swing 
- 
20 - 
- 
20 - - 
20 
- 
- 
20 - 


Unity Gain Bandwidth 
BW 
- 
4.0 - 
- 
4.0 - - 
4.0 - 
- 
4.0 - 
MHz 


Output Voltage Swing (Note 7) 
V 
VCC = + 15 V, Rl = 2.0 k 
Vout High (Iin- 
= 0, lin + = 0) 
VOH 
13.5 14.2 - 
13.5 14.2 - 
13.5 14.2 - 
13.5 14.2 - 
Vout low (lin - 
= 10,..A, lin + = 0) 
VOL 
- 
0.03 
0.2 - 
0.03 
0.2 - 
0.03 
0.2 
- 
0.03 
0.2 
VCC = Maximum Rating, Rl = "" 


Vout High (lin - 
= 0, lin + = 0) 
VOH 
- 
29.5 - - 
29.5 - - 
25.5 - 
- 
15.5 - 


Output Current 
mA 
Source 
Isource 
6.0 
10 - 
6.0 
10 - 
5.0 
10 - 
5.0 
10 - 
Sink (Note 3) 
Isink 
0.5 
0.87 - 
0.5 
0.87 - 
0.5 
0.87 - 
0.5 
0.87 - 
low level Output Current 
10l 
- 
5.0 - - 
5.0 - - 
5.0 
- 
- 
5.0 - 
lin - 
= 5.0 ,..A, VOL = 1.0 V 


Supply Current (All Four Amplifiers) 
mA 
Noninverting Inputs Open 
100 
- 
6.9 
10 - 
6.9 
10 - 
6.9 
10 
- 
6.9 
10 
Noninverting Inputs Grounded 
lOG 
- 
7.8 
14 - 
7.8 
14 - 
7.8 
14 
- 
7.8 
14 


Power Supply Rejection (f ~ 100 Hz) 
PSRR - 
55 - - 
55 - - 
55 
- 
- 
55 - 
dB 


Mirror Gain (TA = Tlow to Thigh; Notes 1,4) 
Ai 
,..A 
lin + ~ 20,..A 
0.90 
1.0 
1.1 
0.90 
1.0 
1.1 
0.90 
1.0 
1.1 
0.90 
1.0 
1.1 
lin + = 200,..A 
0.90 
1.0 
1.1 
0.90 
1.0 
1.1 
0.90 
1.0 
1.1 
0.90 
1.0 
1.0 


Ii Mirror Gain (TA = Tlow to Thigh; Notes 1, 4) 
IiAi 
- 
2.0 
5.0 - 
2.0 
5.0 - 
2.0 
5.0 - 
2.0 
5.0 
% 


20 ,..A "" lin + "" 200 ,..A 


Mirror Current (TA ~ Tlow to Thiah; Note 1) 
- 
10 
500 - 
10 
500 - 
10 
500 - 
10 
500 
,..A 


Negative Input Current (Note 6) 
- 
1.0 - - 
1.0 - - 
1.0 - 
- 
1.0 - 
mA 


NOTES, 
1. Tlow = -40"C for LM2900, MC3301 
Thigh = 
+ 85"C for LM2900, MC3301 


= OOCfor LM3900. MC3401 
= + 70"C flor LM3900, MC3401 


2. 
Open-loop 
voltage 
gain 
is defined 
as voltage 
gain 
from 
the 
inverting 
input 
to the 
output. 


3. 
Sink 
current 
is specified 
for 
linear 
operation. 
When 
the 
device 
is used 
as a comparator 
(non-linear 
operation) 
where 
the 
inverting 
input 
is overdriven, 


the 
sink 
current 
(low 
level 
output 
current) 
capability 
is typically 
5.0 
mA. 


4. 
This 
specification 
indicates 
the 
current 
gain 
of the 
current 
mirror 
which 
is used 
as the 
noninverting 
input. 


5. 
Input 
VBe 
match 
between 
the non inverting 
and 
inverting 
inputs 
occurs 
for 
a mirror 
current 
(noninverting 
input 
current) 
of approximately 
10 pA. 


6. 
Clamp 
transistors 
are 
included 
to prevent 
the 
input 
voltages 
from 
swinging 
below 
ground 
more 
than 
approximately 
- 0.3 volts. 
The 
negative 
input 


currents 
that 
may 
result 
from 
large 
signal 
overdrive 
with 
capacitive 
input 
coupling 
must 
be 
limited 
externally 
to values 
of approximately 
1.0 
mA. 


Negative 
input 
currents 
in excess 
of 4.0 
mA 
will 
cause 
the 
output 
to drop 
to a low 
voltage. 
These 
values 
apply 
for 
anyone 
of the 
input 
terminals. 


If more 
than 
one 
of the 
input 
terminals 
are 
simultaneously 
driven 
negative, 
maximum 
currents 
are 
reduced. 
Common-mode 
biasing 
can 
be 
used 


to prevent 
negative 
input 
voltages. 


7. 
When 
used 
as a noninverting 
amplifier, 
the 
minimum 
output 
voltage 
is the Vse of the 
inverting 
input 
transistor. 


TYPICAL 
CHARACTERISTICS 
(Vcc = +15Vdc, 
RL = 5.0 kfi, TA = +25°C 
[each amplifier) unless otherwise noted.) 


RGURE 1 - 
OPEN·LOOP VOLTAGE GAIN versus FREQUENCY 
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FIGURE 4 - 
SUPPLY CURRENT versus SUPPLY VOLTAGE 
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BASIC AMPLIFIER 
The basic 
amplifier 
is the 
common 
emitter 
stage 
shown in Figures 7 and 8. The active load 11is buffered 
from the input transistor 
by a PNP transistor, 
04, and 
from the output 
by an NPN transistor, 
02. 02 is biased 
Class A by the current 
source 12.The magnitude 
of 12 
(specified Isink) is a limiting 
factor in capacitively 
cou- 


pled linear operation 
at the output. The sink current of 


the device can be forced to exceed the specified 
level 


by keeping the output 
dc voltage 
above = 1.0 volt re- 


sulting 
in an increase in the distortion 
appearing at the 
output. Closed-loop stability is maintained 
by an on-the- 


chip 3-pF capacitor shown in Figure 10 on the following 
page. No external compensation 
is required. 


Vcc 
::~ (l= :t;>:. :d*>:' '$F' 


11~ 
~4 
10 
12 
+ 
13 
+ 


Biasing 
Circuitry 
Operational 
Operational 
Operational 
Operational 


vcc 
3 
Amplifier #1 
Amplifier #2 
5 
8 
Amplifier #3 
9 
" 
Amplifier #4 
14 


CR2 
CR3 
0'0 


CR4 


A noninverting 
input is obtained by adding a current 
mirror as shown in Figure 9. Essentially all current which 
enters the noninverting 
input. lin + . flows through 
the 
diode CA1. The voltage 
drop across CAl corresponds 
to this input current 
magnitude 
and this same voltage 
is applied to a matched device. 03. Thus 03 is biased 
to conduct 
an emitter 
current equal to lin +. Since the 
alpha current 
gain of 03 = 1. its collector 
current 
is 


approximately 
equal to lin + also. In operation this cur- 


rent flows through 
an external feedback resistor which 
generates the output 
voltage 
signal. 
For inverting 
ap- 
plications. 
the noninverting 
input 
is often used to set 


the dc quiescent 
level at the output. 
Techniques 
for 
doing 
this are discussed 
in the "Normal 
Design Pro- 
cedure" 
section. 


H 
Inputs 
(+) 


BIASING 
CIRCUITRY 
The circuitry 
common 
to all four amplifiers 
is shown 
in Figure 11. The purpose of this circuitry 
is to provide 
biasing voltage 
for the PNP and NPN current 
sources 
used in the amplifiers. 


The voltage 
drops across diodes CR2, CR3 and CR4 
are used as references. The voltage 
across resistor R1 
is the sum of the drops across CR4 and CR3 minus the 
VBE of 08. The PNP current 
sources (05, etc.) are set 
to the magnitude 
VBE/R1 by transistor 
06. Transistor 


(+) 


CR1 


07 reduces base current 
loading. 
The voltage 
across 
resistor R2 is the sum of the voltage drops across CR2, 
CR3 and CR4, minus the VBE drops of transistor 
09 and 
diode CR5 thus the current set is established 
by CR5 in 
all the NPN current sources (010, etc.). This technique 
results in current 
source 
magnitudes 
which 
are rela- 
tively 
independent 
of the supply 
voltage. 
011 (Figure 
7) provides circuit protection 
from signals that are neg- 
ative with respect to ground. 


'~~ 
I 
R2 


1. Output O-Point Biasing 


A. A number of techniques 
may be devised to bias 
the quiescent 
output 
voltage 
to an acceptable 


level. However, 
in terms of loop gain considera- 
tions it is usually desirable to use the noninvert- 
ing input to effect the biasing; 
as shown in Fig- 
ures 
12 and 
13 (see 
the 
first 
page 
of 
this 
specification). 
The high impedance of the collec- 
tor ofthe noninverting 
"current 
mirror" 
transistor 
helps to achieve the maximum 
loop gain for any 
particular 
configuration. 
It is desirable 
that the 
noninverting 
input current be in the 10 pA to 200 
pA range. 


B. VCC Reference Voltage (see Figures 12 and 13) 


The noninverting 
input 
is normally 
returned 
to 
the VCC voltage 
(which 
should be well filtered) 
through 
a resistor, R" allowing 
the input current, 
lin + , to be within 
the range of 10 pA to 200 pA. 


Choosing the feedback resistor, Rf, to be equal to 
V, Rr will now bias the amplifier 
output 
dc level 


to approximateIY~. 
This allows the maximum 


dynamic 
range of the output voltage. 


C. Reference Voltage other than VCC (see Figure 14) 


The biasing resistor Rr may be returned to a volt- 
age (Vr) other than VCC' By setting Rf = Rr, (still 
keeping 
lin + between 
10 pA and 200 pA) the 
output dc level will be equal to Vr' The expression 
for determining 
VOdc is: 


V 
- 
(Ai)(Vr)(Rf) 
(1 
Rf k) 
if> 
Odc - 
Rr 
+ 
- R; 
I 


where 
if> is the VBE drop of the input transistors 
(approximately 
0.6 Vdc @ + 25°C and assumed 
equal). Ai is the current 
mirror 
gain. 


II 


Rf 
510 k 
AV = _!!f 
Ri 
1 
for;;;C '" Ri 


1.0 ILF'T'O 


AV = 
10 BW 
~ 
150 kHz 


2. Gain Determination 


A. Inverting 
Amplifier 


The amplifier 
is normally 
used in the inverting 
mode. The input may be capacitively 
coupled to 
avoid upsetting the dc bias and the output is nor- 
mally 
capacitively 
coupled 
to eliminate 
the dc 
voltage across the load. Note that when the out- 
put is capacitively 
coupled to the load, the value 
of Isink becomes a limitation 
with respect to the 
load driving 
capabilities 
of the device. The limi- 
tation is less severe if the device is direct coupled. 
In this configuration, 
the ac gain is determined 
by the ratio of Rf to Ri, in the same manner as for 
a conventional 
operational 
amplifier: 


Rf 
Av =- 
Ri 


0.1 ILF 
Vin 
--.) 


A 
~ 
(RfIlAi) 
- 
1 
V 
26 
Ri + lin + (mAl 


BW = 250 kHz 
+1=V 
+5.0 ILF 
0 
10 k 


The lower corner frequency is determined 
by the 
coupling 
capacitors to the input and load resis- 


tors. The upper corner frequency 
will usually be 
determined 
by the amplifier 
internal compensa- 
tion. The amplifier 
unity gain bandwidth 
is typi- 
cally 4.0 MHz and with the gain roll-off 
at 20 dB 
per decade, bandwidth 
will typically 
be 400 kHz 
with 20 dB of closed-loop 
gain or 40 kHz with 40 
dB of closed-loop 
gain. The exception to this oc- 
curs at low gains where the input resistor selected 
is large. The pole formed 
by the amplifier 
input 
capacitance, stray capacitance and the input reo 
sistor may occur before the closed-loop 
gain in- 
tercepts 
the open-loop 
response curve. The in- 
verting 
input capacity is typically 
3.0 pF. 


FIGURE 15 - 
INVERTING 
AMPLIFIER WITH 


Av = 100 AND 
Vr = Vcc 


0.1 ILFT 


VO 


-= 10 k 


fL = 300 Hz, fH = 50 kHz 
Av = 100 


B. Noninverting 
Amplifier 


These devices 
may be used in the noninverting 
mode (see Figure 13). The amplifier 
gain in this 
configuration 
is subjectto 
the current mirror gain. 


In addition, 
the resistance of the input diode must 
be included 
in the value ofthe 
input resistor. This 


resistance 
is approximately 
26+ ohms, 
where 
lin 
lin + is input 
current 
in milliamperes. 
The non- 


inverting 
ac gain expression 
is given by: 


(RfHAil 
26 
Ri + lin + (mAl 


The bandwidth 
of the non inverting 
configuration 
for a given Rf value is essentially 
independent 
of 
the gain chosen. For Rf = 510 kO the bandwidth 
will be in excess of 200 kHz for noninverting 
gains 
of 1, 10, or 100. This is a result of the loop gain 
remaining 
constant for these gains since the input 
resistor 
is effectively 
isolated 
from the feedback 
loop. 


Magnelic 
Pickup 
Hyslerisis 
Amplifier 


100 k 


Pulse 
Averaging 
Cl 
O.lI'F 


Cl 
0.01 I'F 


10 k 


Hysterisis 
Voltage 
for Switching 
A'R2 
VH 
~ 
~ 
(VCC 
- 
1.6) 


(Vo 
- 
0.6) . Ai . I 


Vp_p'" 
RyCl 


R2 
Vo 
= VZl 
+ 
0.6 (1 + Al) 
- 
VBEQl 


NOTE: 


For positive TC zeners R2 and R1 can be 
selected to give TC output. 


150 k 


+VCC 
= + 15 Vdc 


75 k 
A 


75 k 
B 


75 k 
C 


II 


A 


B 


C 


o 


E 
1~k 


Output 
Rise Time 
~ 0.22 
ms 
Input 
Change 
Time 
Constant 
~ 
1.0 ms 


0.001 
p.F 


AVinh~2P.F 
T - 
51k 


75 k 
A 


75 k 
B 


75 k 
1~k 
f:A+B+C+D 
C 


75 k 
0 
+VCC 
= 
+ 15 Vdc 


f=A+B+C+D 


AVinkO.002P.F 
t 
~ 


150 k 


VCC 
= 
+15Vdc 


VO(dc) 
~ 7.0 Vdc 
Output 
Rise Time 
- 
0.22 ms 
Input 
Change 
Time 
Constant 
~ 
1.0 ms 


FIGURE 25 - 
AMPLIFIER AND DRIVER FOR A SO-OHM LINE 
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FIGURE 26 - 
BASIC BANDPASS 
AND NOTCH FILTER 
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FIGURE 27 - 
BANDPASS 
AND NOTCH FILTER 
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FIGURE 29 - 
ZERO CROSSING DETECTOR 
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NOTE 2~ If the Zener TC is positive. and equal in 
magnitude 
to the negative TC of the input 
to the operational 
amplifier 
(-2.0 
mVrCI. 


the output 
is zero-TC. A 7.0 Volt Zener 
will give approximately 
zero-TC. 
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Specifications 
and Applications 
Information 


The MC3503 is a low-cost, quad operational 
amplifier 
with true 
differential 
inputs. The device has electrical characteristics 
similar 
to the popular MC1741. However, the MC3503 has several distinct 
advantages 
over standard 
operational 
amplifier 
types in single 
supply 
applications. 
The quad amplifier 
can operate 
at supply 
voltages as low as 3.0 Volts or as high as 36 Volts with quiescent 
currents about one third of those associated with the MC1741 (on 
a per amplifier 
basis). The common 
mode input 
range includes 
the negative supply, thereby eliminating 
the necessity for external 
biasing 
components 
in many applications. 
The output 
voltage 
range also includes the negative power supply voltage. 


• 
Short Circuit Protected Outputs 


• 
Class AB Output Stage for Minimal 
Crossover Distortion 


• 
True Differential 
Input Stage 


• 
Single Supply Operation: 
3.0 to 36 Volts 


• 
Split Supply Operation: 
± 1.5 to ± 18 Volts 


• 
Low Input Bias Currents: 
500 nA Max 


• 
Four Amplifiers 
Per Package 


• 
Internally 
Compensated 


• 
Similar 
Performance 
to Popular MC1741 


• 
Industry 
Standard 
Pinouts 


SINGLE 
SUPPLY 


3.0 V to 36 V I' 
v cc &l 


ce 


: 
hVto 
,BV 


-=-'.5Vto18V 


4 


VEE 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Va Itages 
Vdc 
Single Supply 
VCC 
36 


Split Supplies 
VCC 
+18 


VEE 
-18 


Input 
Differential 
Voltage Range (1) 
V,OR 
±36 
Vdc 


Input Common Mode Voltage Range (1) (21 
V'CR 
±18 
Vdc 


Storage 
Temperature 
Range 
Tstg 
°c 


Ceramic 
Package 
-65 to +150 
Plastic Package 
-55 to +125 


Operating 
Ambient 
Temperature 
Range 
TA 
uC 


MC3503 
-55 to +125 


MC3403 
o to +70 


MC3303 
-40 to +85 


Junction 
Temperature 
TJ 
°c 
Ceramic 
Package 
175 
Plastic 
Package 
150 


(1) Split 
Power Supplies. 
(2) For Supply Voltages lessthan ±15 V. the absolute maximum input voltage is equal to the 


supply voltage. 


MC3403 
MC3503 
MC3303 


QUAD DIFFERENTIAL 


INPUT 


OPERATIONAL 
AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
- 


- 


!. 
'4 , 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 


4# 


DSUFFIX 


• 
PLASTIC 
PACKAGE 
14 
• • • 
CASE 
751A-02 
, 
SO-14 


_ 
PSUFFIX 
PLASTIC 
PACKAGE 
'4 1 
CASE 
646-06 


(MC3403 
and 
MC3303 
Only) 


PIN CONNECTIONS 


Out 
Out 
, 
4 


Inputs 
Inputs 


1 
4 


vee 
VEE/Gnd 


Inputs 
Inputs 


2 
3 


Out 
Out 


2 
3 


(Top 
View) 


ORDERING 
INFORMATION 


Type 
Temperature Range 
Package 


MC3303L 
- 40°C to + 85°C 
Ceramic DIP 
MC3303P 
- 40°C to + 85°C 
Plastic DIP 
MC34030 
O°C to + 70°C 
SO-14 
MC3403L 
O"C to 
+70"C 
Ceramic 
DIP 
MC3403P 
O"C to +700C 
Plastic DIP 
MC3503L 
- 55°C to + 125°C 
Ceramic DIP 


II 


MC3603 
MC3403 
MC3303 


CblrKt.i.tic 
Symbol 
Min 
TV. 
M,. 
Min 
TV. 
Mo. 
Min 
TV. 
Mo. 
Unit 


Input Qfflet 
Voltage 
'1IQ 
- 
2.0 
5.0 
2.0 
10 
2.0 
8.0 
mV 


fA-Thightallow(ll 
- 
- 
6.0 
- 
- 
12 
- 
- 
10 


Input Offset Current 
'10 
30 
50 
30 
50 
- 
30 
75 
"A 


TA· 
Thigh to Tlow 
- 
- 
200 
- 
- 
200 
- 
- 
250 


large 
Signal Open·Loop 
Voltage Gain 
AVOL 
V/mV 
VO·110V,RL"'2,OkO, 
50 
200 
- 
20 
200 
- 
20 
200 
- 


T A"' 
Thigh 
to flow 
25 
- 
- 
15 
- 
- 
15 
- 
- 


Input Bias Current 
'18 
- 
-200 
-500 
-200 
-500 
-200 
-500 
"A 
TA" Thigh 10 flow 
- 
-300 
-1500 
- 
- 
-800 
- 
- 
-1000 


Output 
Impedance 
'0 
75 
75 
- 
75 
n 


f" 
20 Hl 


Input 
Impedance 
" 
0.3 
1.0 
- 
03 
1.0 
- 
03 
1.0 
Mn 


f" 
20 Hz 


Output 
Voltage 
Range 
VOR 
V 


RL 
-10kO 
~12 
! 135 
- 
d2 
1135 
- 
.,2 
+12.5 
- 


Rl- 
20kn 
dO 
:13 
- 
:10 
:13 
- 
.'0 
.,2 
- 


Rlz 
20kO. 
TA"'Thlgh1OTlow 
:10 
- 
- 
dO 
- 
- 
.'0 
- 
- 


Input 
Common-Mode 
Voltage 
Range 
VieR 
+13V-VEE 
t13.5V-VEE 
- 
+13 V-VEE 
+13.5V -VEE 
- 
t12V-VEE 
+12.5V-VEE 
V 


Common·Mode Rejection RallO 
CMAR 
70 
90 
70 
90 
70 
90 
d8 
AS __10 kO 


Power Supply 
Current 
(Vo" 
01 
ICC.lEE 
- 
28 
40 
- 
28 
7.0 
- 
28 
70 
mA 
Al"- 


lnd •.••dual Output 
Short-Circuit 
Current 
121 
'as· 
:10 
:30 
-45 
:10 
:20 
:45 
dO 
:30 
!4S 
mA 


PosillH' 
Po-Nt>r 
SupplV ReJecllon 
RallO 
PSRR+ 
30 
150 
30 
150 
- 
30 
150 
,..VIV 


Negative Power SuppiV Rejection 
RatiO 
PSRR- 
30 
150 
30 
150 
- 
,..V/V 


Average Temperafure 
CoeffiCient 
of Input 
\IIOI.\T 
- 
50 
- 
50 
- 
- 
50 
- 
pAfoC 


Ofhet 
Current 
TA" 
Tt1lgt1 to Tlo .•••• 


Average Tem~rature 
Coeff,c'enl 
of Input 
·>VIO/.\T 
10 
10 
- 
10 
"V/oc 
Offset VOltage 


TA" 
Tt1lgt1to Tlo .•••• 
Po••••. 
er Bandv.lldtt1 
8Wp 
9.0 
- 
9.0 
- 
9.0 
'H, 


AV'" 1, RL"" 2 OkH, Vo• 
2QV(p·pl. 


THO" 
5'\1, 


Small·Slgnai 
8and .•••• 
ldlt1 
8W 
10 
10 
- 
1.0 
MH, 


Av·1,RL'"10kU,Vo'"50mV 


Slew Rate 
sR 
- 
06 
- 
- 
O. 
- 
- 
0.6 
- 
V/"s 


AV ·l,VI"-10V 
to·l0V 


RlseT,me 
tTLH 
035 
0.35 
- 
0.35 
., 


AV·l,RL" 
10k11. 
Yo· 
50mV 


Fall Time 
tTHL 
035 
035 
- 
035 
.. 


AV,"l.RL 
'"10kU. 
Vo·50mV 


OvershOOt 
OS 
20 
- 
20 
20 
" 
AV·1,RL" 
10kH. 
Vo"50mV 


Pt1nseMargln 
om 
60 
60 
- 
- 
60 
Degrees 


AV·1.RL" 
2.0 kn,CL 
-200pF 


Crouover 
Distortion 
10 
10 
- 
- 
10 
" 
IV,n· 
30mVp·p. 
Vout• 
20 Vp-p, 


I" 
10 kHzl 


111Tt1lgt1• 125°C 
lor MC3503, 
70°C lor MC3403, 
85°C 
lor MC3303 


Tlo .••••• _55°C for MC3503, 
COc lor MC3403, 
-4COC for MC3303 


ELECTRICAL 
CHARACTERISTICS 
(Vce· 
5.0 V, Vee 
'" Gnd, TA· 
25°C unlen 
otherwise 
noted.l 


MC3503 
MC3403 
MC3303 


ChlirK'tefi.tic 
Symbol 
Min 
TV. 
Moo 
Min 
TV. 
M,. 
Min 
TV. 
Moo 
Unit 


Input Of he I Voltage 
V'O 
2.0 
50 
- 
2.0 
10 
- 
- 
10 
mV 


Input Offset Current 
"0 
30 
50 
30 
50 
75 
"A 


Input 
Bia. Curren I 
"8 
-200 
-500 
- 
-200 
-500 
-500 
"A 
large·Slgnal 
Open-Loop 
Volt~e 
Gain 
AVOL 
10 
200 
10 
200 
- 
10 
200 
VfmV 


Rl 
• 2.0 kn 


Power Supply 
ReJect,on 
Ratio 
PSRR 
150 
150 
- 
150 
,..V/V 


Output 
Voltage Range f31 
VOR 
V • ." 


RL" 
10 kn, 
Vec 
- 5.0 V 
3.3 
3.5 
- 
3.3 
3.5 
- 
3.3 
3.5 
- 


RL· 
10 kn, 
5.0 V 
00;;; VCC 
00;;; 30 V 
VCC-2.O 
VCC-1.7 
- 
VCC-2,O 
VCC-1.7 
- 
VCC-2.0 
VCC-1.7 
- 


Power Supply 
Curren I 
'ee 
2.5 
4.0 
2.5 
7.0 
2.5 
7.0 
mA 
Channel 
Separation 
- 
-120 
- 
- 
-120 
- 
-120 
d8 
f •• 1.0 kHz to 20 kHz (Input 
Referenced) 


CIRCUIT DESCRIPTION 


The MC3503/3403/3303 
is made using four 
internally 
compensated, 
two-stage 
operational 
amplifiers. 
The 
first 


stage 
of each 
consists 
of differential 
input 
devices 
024 
and 


022 
with 
input 
buffer 
transistors 
025 
and 
021 
and 
the 
differential 
to 
single 
ended 
converter 
03 
and 
04. 


The 
first 
stage 
performs 
not 
only 
the 
first 
stage 
gain 
function 
but 
also 
performs 
the 
level 
shifting 
and 
trans- 


conductance 
reduction 
functions. 
By 
reducing 
the 
trans· 


conductance 
a smaller 
compensation 
capacitor 
(only 
5 pF) 
can 
be 
employed, 
thus 
saving 
chip 
area. 
The 
transcon- 


ductance 
reduction 
is accomplished 
by 
splitting 
the 
col- 


lectors 
of 
024 
and 
022. 
Another 
feature 
of 
this 
input 


stage 
is that 
the 
input 
common-mode 
range 
can 
include 


the 
negative 
supply 
or ground, 
in single 
supply 
operation, 


without 
saturating 
either 
the 
input 
devices 
or 
the 
dif· 
ferential 
to 
single-ended 
converter. 
The 
second 
stage 
con· 


sists 
of 
a 
standard 
current 
source 
load 
amplifier 
stage. 


The 
output 
stage 
is unique 
because 
it allows 
the output 
to swing 
to ground 
in single 
supply 
operation 
and 
yet does 


not 
exhibit 
any 
crossover 
distortion 
in split 
supply 
oper· 
ation. 
This 
is possible 
because 
class AB operation 
is utilized. 


Each 
amplifier 
is biased 
from 
an internal-voltage 
regu- 
lator 
which 
has a low 
temperature 
coefficient 
thus 
giving 
each 
amplifier 
good 
temperature 
characteristics 
as well as 
excellent 
power 
supply 
rejection. 


·Note 
Class AS 
output 
stage 
produces dIstortion 
less slOewave 


30 


Q. 
25 
"-~ 20 
0~ 
w 
'" 
15 
« 
'::; 
0 
10 
> 
•... 
~ 5.0 
0 
TA'" 25°C 
,,; 
> 


10 k 
100 k 


I. FREQUENCY (Hz) 


.1 
J 
VCC'15V 
_ 


VEE' 
-15 V 


TA'250C- 


-- 
I--. ---- 


1 
•...z 


~ 
200 


~ 
a;•... 
::> 
~ 
100 
~ 


-75 
-55 
-35 
-15 
5.0 
25 
45 
65 
85 
105 
125 


T. TEMPERATURE (OC) 


I ~~~.115J 


,...... 
VEE·-15V 


! 
TA' 
25°C 


....•.•~ 


"'~ 


I 
~ 


•...... 


TA'" 25°C 


J 
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./ 
V 
/' 
/' 
/' 
/' 
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: 
20 


'"; 
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10 
g 
~ 
> 
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16 
18 
20 


VCC AND VEE, POWERSUPPLY VOLTAGES (VOLTS) 


....•.••• 


" 


1 170 
•...z 
w~~ 
::> 
u 
« 


~ 
160 
~ 
~ 


150 


o 
2.0 
4.0 
6.0 
8 
10 
12 
14 
16 
18 
20 


VCC AND rVEEr. POWERSUPPLY VOLTAGES (VOLTS) 


For 
fo=lkHz 


A = 16 k!1 
C=O.OlJ,lF 
Rl 


Vo - A 1 + R2 


1 


VO-2"VCC 


Hysteresis 
"::LB- 


VOL 
VinL 
: VinH 


Vref 


VinL 
= A1 


R 
+ 
1 


A2 (VOL 
- 
Vref) 
+ Vref 


VinH"" 
Al :lR2 
(VOH 
- 
Vrefl 
+ Vref 


H = A,R+'A2 
(VOH 
- 
VOL) 


Rl 
"" OR 


Rl 
A2-- 


Tep 


A3 
•••TN 
R2 


Cl 
- 
10 C 


fo'" 
1 kHz 
0" 10 


TBP" 
1 


TN" 
1 


Cl 


~ 
Notch 
Output 
R"'60k!1 
C = 0.001 J,JF 
R'-1.6M!1 
R2 - 1.6 Mn 
R3- 
1.6MU 


II 


1 
Vref:E' '2 VCC 


Vref 


AI 


f:~~ 
if 
R3=A2 
A1 
4CRfR1 
R2+R1 
4 


C 
t 


2 


~Vo 
Co 


Co = 10 C 


Given 
fo'" 
Center 
Frequency 


A(fo) 
..•Gain 
at Center 
Frequency 


Choose 
Value 
fo. 
C 
Then: 


Q 
A3=-- 
1f 
fo 
C 
A3 
A1""--- 
2 A(fo) 


A1 
RS 


R2 
'"' 4Q2 
A 1 _ 
A5 


DUAL OPERATIONAL AMPLIFIER 
AND DUAL COMPARATOR 


The 
MC3405/3505 
contains 
two 
differential-input 
operational 
amplifiers 
and two comparators, 
each set capable of single supply 
operation. 
This operational 
amplifier-comparator 
circuit fulfills 
its 
applications 
as a general 
purpose 
product 
for 
automotive 
and 
consumer 
circuits 
as well as an industrial 
building 
block. 
The MC3405 is specified 
over the commercial 
operating 
tem- 
perature 
range of 0 to + 70'C, while the MC3505 is specified 
over 
the military 
operating 
range of - 55 to + 125'C. 


• 
Operational 
Amplifiers 
Equivalent 
in 
Performance 
to MC3403/3503 


• 
Comparators 
Similar 
in Performance 
to LM339/139 


• 
Single 
Supply 
Operation: 
3.0 to 36 Volts 


• 
Split Supply 
Operation: 
± 1.5 to ± 18 Volts 


• 
Low Supply 
Current 
Drain 


• 
Operational 
Amplifiers 
Are Internally 
Frequency Compensated 


• 
Comparators 
TTL and CMOS Compatible 


~II- 
vcc 
, 


2 
~ 
3 


V 
.G 


hV'O 
'BV 


-=- 1.5 V to 18 V 


PIN CONNECTIONS 


Out 
1,.,.", 
! 
I,.,.n. 


Vcc 
VEE/Gnd 


'"''"' { 


5 
},.,."' 


Out 2 
Out3 


(Top 
View) 


MC3S0S 
I 
:::========~II 


DUAL 
OPERATIONAL 
AMPLIFIER 
AND 
DUAL VOLTAGE COMPARATOR 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE' 


CASE 
632-08 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


Device 
Temperature 
Range 
Plcklge 


MC3405L 
o to +70oC 
Ceremic 
DIP 


MC3405P 
o to +70oC 
Pla.tic 
DIP 


MC3505L 
-55 
to 
+12S0C 
Ceramic 
DIP 


II 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage-Single 
Supply 
VCC 
36 
Vdc 


Split Supplies 
VCC,VEE 
± 18 


Input Differential 
Voltage Range 
VIDR 
±36 
Vdc 


Input Common 
Mode Voltage Range 
VICR 
±18 
Vdc 


Operating Ambient 
Temperature 
Range 
MC3505 
TA 
-55to+125 
vc 


MC3405 
a to +70 


Storage 
Temperature 
Range-Ceramic 
Package 
TStQ 
-65to+150 
°c 


Plastic 
Package 
-55 to + 125 


Operating Junction Temperature 
Range-Ceramic 
Package 
TJ 
175 
°c 


Plastic 
Package 
150 


MC3505 
MC3405 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 
Via 
- 
2.0 
5.0 
- 
2.0 
10 
mV 


Input Offset Current 
110 
- 
30 
50 
- 
30 
50 
nA 


Input 
Bias Current 
liB 
- 
-200 
-500 
- 
-200 
-500 
nA 


Large-Signal Open-Loop 
Voltage Gain 
AVOL 
20 
200 
- 
20 
200 
V/mV 


IRL = 2.0 kn) 


Power Supply Rejection 
Ratio 
PSRR 
- 
150 
150 
"V/v 


Output 
Voltage 
Range (Note 
11 
VOR 
Vp·p 


IRL = 10 kn, VCC = 5.0 V) 
3.3 
3.5 
- 
3.3 
3.5 
- 


IRL = 10 kn,5.0 
V •• VCC" 
30 V) 
VCC-2.0 
VCC-1.7 
- 
VCC-2.0 
VCC- 
1.7 
- 


Power 
Supply 
Current 
(Notes 
2 and 
3) 
ICC 
- 
2.5 
4.0 
- 
2.5 
7.0 
mA 


Channel Separation 
- 
- 
-120 
- 
- 
-120 
- 
dB 
f = 1.0 kHz to 20 kHz 
(Input 
Referenced) 


Input Offset Voltage 
Via 
- 
2.0 
5.0 
- 
2.0 
10 
mV 


IT A = Tlow to Thigh)INote 
41 
- 
- 
6.0 
- 
- 
12 


Average Temperature 
Coefficient 
of 
AVIO/AT 
- 
15 
15 
"VI C 


Input Offset Voltage 


Input Offset Current 
110 
- 
- 
50 
- 
- 
50 
nA 


IT A = Tlow to Thigh) (Note 4) 
- 
- 
200 
- 
- 
200 


Input Bias Current 
liB 
- 
-200 
-500 
- 
-200 
-500 
nA 


(T A = Tlow to Thigh (Note 4) 
- 
-300 
-1500 
- 
- 
-800 


Input Common 
Mode Voltage 
Range 
VICR 
+13 -VEE 
- 
- 
+13-VEE 
- 
Vdc 


Large Signal Open Loop Voltage Gain 
AVOL 
V/mV 
(Va = ± 10 V, RL = 2.0 kn) 
50 
200 
- 
20 
200 
- 
IT A = Tlow to Thigh) INote 4) 
25 
100 
- 
15 
100 
- 


Common 
Mode Rejection 
Ratio 
CMRR 
70 
90 
- 
70 
90 
- 
dB 


Power Supply Rejection 
Ratio 
PSRR 
- 
30 
150 
- 
30 
150 
"VIV 


Output 
Voltage 
Va 
Vdc 
IRL = 10 kn) 
±12 
± 13.5 
- 
±12 
± 13.5 
- 
IRL = 2.0 knJ 
± 10 
±13 
- 
±10 
±13 
- 


tRL = 2.0 kn, TA = Tlow to Thigh) 
± 10 
- 
- 
± 10 
- 
- 
INote 4) 


Output 
Short-Circuit 
Current 
10S 
± 10 
±30 
±45 
±10 
±20 
±45 
mA 


Power Supply Current 
(Notes 2 and 3) 
ICC, lEE 
- 
2.8 
4.0 
- 
2.8 
7.0 
mA 


Phase Margin 
.pm 
- 
60 
- 
- 
60 
- 
Degrees 


Small-Signal Bandwidth 
BW 
- 
1.0 
- 
- 
1.0 
- 
MHz 
IAV = 1, RL = 10 kn, Va = 50 mV) 


Power Bandwidth 
BWp 
- 
9.0 
- 
- 
9.0 
- 
kHz 
IAV = 1, RL = 2.0 kn, Va = 20 V Ip-p), 
THO = 5%) 


Rise Time/Fall 
Time 
tTLH, 
tTHL 
- 
0.35 
- 
- 
0.35 
- 
'" 
Overshoot 
(AV - 1. RL - 10 kil, 
as 
- 
20 
- 
- 
20 
- 
% 
Vo=50mV) 


Slew Rate 
SR 
- 
0.6 
- 
- 
0.6 
- 
VI", 


NOTES: 
1. Output 
will swing to ground 
2. 
~ot '0 exceed maximum 
package power dissipation. 
3. 
For Operational 
Amplifier 
and Comparator. 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage-Single 
Supply 
VCC 
36 
Vdc 


Split Supplies 
VCC,VEE 
±18 


Input Differential 
Voltage Range 
VIDR 
±36 
Vdc 


Input Common Mode Voltage Range 
VICR 
-0.3 to +36 
Vdc 


Sink Current 
Isink 
20 
mA 


Operating Ambient Temperature Range-MC3505 
TA 
-55to+125 
uc 


MC3405 
o to +70 


Storage Temperature Range-Ceramic 
Package 
Tstg 
-65 to +150 
°c 
Plastic Package 
-55 to +125 


Operating Junction Temperature Range-Ceramic 
Package 
TJ 
175 
°c. 


Plastic Package 
150 


MC3505 
MC3405 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 
Via 
- 
2.0 
5.0 
- 
2.0 
10 
mV 


(T A"" Tlow to Thigh) (Notes 1 and 2) 
- 
- 
9.0 
- 
- 
12 


Average Temperature Coefficient of 
AVIO/AT 
15 
15 
"V/uC 
Input Offset Voltage 


Input Offset Current 
110 
- 
50 
75 
- 
50 
100 
nA 


(T A"" Tlow to Thigh) (Note 1) 
- 
- 
150 
- 
- 
200 


Input Bias Current 
liB 
- 
-125 
-500 
-125 
-500 
nA 


ITA"" Tlow to Thigh) (Note 1) 
- 
- 
-1500 
- 
- 
-800 


Input Common Mode Voltage Range 
VICR 
0 
VCC 
1.5 
VCC-l.7 
0 
VCC-1.5 
VCC-l.7 
Vp-p 


ITA = Tlow to Thiahl (Note 1I 
0 
VCC -1.7 
VCC -2.0 
0 
VCC -1.7 
VCC -2.0 


Input Differential Voltage 
Via 
- 
- 
36 
- 
- 
36 
V 
IAII Vin •• 0 Vdcl 


Large-Signal Open-Loop Voltage Gain 
AVOl' 
- 
200 
- 
- 
200 
- 
V/mV 
IRl 
= 15 knl 


Output Sink Current 
lsink 
6.0 
16 
6.0 
16 
mA 
(Vin I-I 
•• 1.0 Vdc, Vin 1+1= 0, 
Va •• 1.5 VI 


Low Level Output Voltage 
Val 
mV 
IVin 1+1=0 V, Vin I-I 
= 1.0 V, 


Isink ""4.0 mAl 
- 
350 
500 
- 
350 
500 
ITA"" Tlow to Thigh) (Note 1) 
- 
- 
700 
- 
- 
700 


Output Leakage Current 
10l 
"A 
(Vin 1+1•• 1.0 Vdc, Vin I-I 
= 0, 
Va = 5.0 Vdcl 
- 
0.1 
1.0 
- 
0.1 
1.0 


ITA 
:= Tlow to Thigh) (Note 1) 
- 
0.1 
1.0 
- 
0.1 
1.0 


Large-Signal Response 
300 
300 
ns 


ResponseTime (Note 3) 
- 
- 
1.3 
- 
- 
1.3 
- 
"s 
IVRl 
= 5.0 Vdc, Rl 
= 5.1 knl 


2. 
VO;; 
1.4 V. RS ""0 n with VCC from 5.0 Vdc to 30 Vdc. and over the input common mode range 0 to VCC -1.7 V. 


3. 
The responsetime specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals300 ns is typic~. 


II 


~0-l0 
e.13 
:00r»r 
z 
m 
3.0 
34.4 
K 
» 
.F 


'}' 
:0 
a.2 


~ 


::::, 
an 
Z 
Ol 
-l 
m 
:0 
-n 
a2 
» 
() 
m 
0 
m< 
() 
m 
Ul 


Bi•• Circu.try 


Common 
to 
All 
Op 
Amps 


and 
Comparators 


V~C' ~' +'15 ~ 


............ 
VEE = -15V 


TA = 25°C 


•.... 


•.... 


•.... 


~ 


FIGURE 
3 - POWER BANDWIDTH 
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FIGURE 15 - ZERO CROSSING DETECTOR 
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® MOTOROLA 


QUAD 
DIFFERENTIAL 
VOLTAGE 
COMPARATOR/SENSE 
AMPLIFIERS 


The MC3430 thru MC3433 high-speedcomparators are ideal for 


application as senseamplifiers in MOS memory systems. They are 
specified in a unique way which combines the effects of input offset 
voltage, input 
offset current, voltage gain, temperature variations 
and input common-mode range into a single functional 
parameter. 
This parameter, called Input Sensitivity, specifies a minimum differ- 
ential input voltage which will guarantee a given logic state. Four 
variations are offered in the comparator series. 
The MC3430 and MC3431 versions feature a three-state strobe 
input common to all four channels which can be used to place the 
four 
outputs 
in a high-impedance state. These two devices use 
active-pull-up MTTL compatible outputs. 
The MC3432 and MC3433 
are open-collector types which permit the implied AND connection. 
The MC3430 and MC3432 versionsarespecified for a ±7.0 mV input 
sensitivity over the 0 to 700C temperature range,while the MC3431 
and MC3433 are specified for '±12 mV. 


• 
Propagation Delay Time - 40 ns 


• 
Outputs 
Specified for 
a Fanout 
of 
10 (MC7400 type loads) 


• 
Specified for 
all conditions 
of 
±5% Power Supply Variations, 
Operating Temperature Range, Input Common-Mode Voltage 
Swing from -3.0 V to 3.0 V, and RS';;; 200 ohms. 


FIGURE 
1 - A TYPICAL 
MOS MEMORY SENSING APPLICATION 
FOR A 
4·K WORD BY 4-BfT MEMORY ARRANGEMENT 
EMPLOYING 
1103 TYPE MEMORY DEVICES 


MC3430 
thru 
MC3433 


QUAD 
HIGH SPEED 
VOLTAGE 
COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 
,-,- 
L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620-'0 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648·06 


Input 
StrObe 
Output 
Device 


VIO>7,OmV 


L 
H 


MC3430 
H 
Z 


TA"'Oto70oC 
L 
Off 


MC3432 
H 
Off 


-1.0 
mV 
~V1D 
L 
, 


MC3430 
H 
Z 


•• 
7.0 mV 
L 
, 


MC3432 
TA" 0 10 10°c 
H 
Off 


VIO "'-7.0 
mV 
L 
L 
MC3430 
H 
Z 


TA 
•• Oto 
laOe 
L 
On 


MC3432 
H 
Off 


Input 
Strobe 
Outpul 
Device 


v1O~12mV 


L 
H 


MC3431 
H 
'Z 


TA 
•• Ot070oC 
L 
Off 


MC3433 
H 
Off 


-12 
mV '-;;VlD 
L 
, 


MC3431 
H 
Z 


~+12mV 
L 
, 


MC3433 
TA" 0 to 70°C 
H 
Off 


VIO 
Il1O;-12 
mV 


L 
L 
MC3431 
H 
Z 


TA" 0 to 10°C 
L 
On 


MC3433 
H 
Off 


L •• Low Logie SUI. 
Z •• Third 
(Hiltl 
Impedanee) 


H" 
Hig" 
Logic: Stet. 
I" 
lndetermin.t. 
Stat. 
RS",200n 


II 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC. VEE 
±7.0 
Vdc 


Differential 
Mode Input Signal Voltage Range 
VIDR 
±6.0 
Vdc 


Common-Mode 
Input Voltage 
Range 
VICR 
±5.0 
Vdc 


Strobe Input Voltage 
VIIS) 
5.5 
Vdc 


Output 
Voltage 
(MC3432 
- 
33 versions) 
VD 
+7.0 
Vdc 


Junction Temperature 
TJ 
ceramic 
Package 
175 
°c 
Plastic Package 
150 


Operating Temperature 
Range 
TA 
o to +70 
°c 


Storage Temperature 
Range 
Tsta 
-65 to +150 
°c 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Unit 


Power Supply Voltages 
VCC 
+4.75 
+5.0 
+5.25 
Vdc 


VEE 
-4.75 
-5.0 
-5.25 


Output 
Load Current 
10L 
- 
- 
16 
mA 


Differential-Mode 
Input Voltage Range 
VIDR 
-5.0 
- 
+5.0 
Vdc 


Common-Mode 
Input Voltage Range 
VICR 
-3.0 
- 
+3.0 
Vdc 


Input Voltage 
Range (any input to Ground) 
VIR 
-5.0 
- 
+3.0 
Vdc 


ELECTRICAL 
CHARACTERISTICS 
(VCC = +5.0 
Vdc, VEE = -5.0 
Vdc, TA = O·C to + 70·C unless 
otherwise 
noted.) 
Typical 
Values 
are Measured 
at TA = 25·C 


MC3430. MC3431 
MC3432. MC3433 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Input Sensitivity 
(see Discussion on Page 3) 
VIS 
mV 
IRS <;;200 Dhmsl 


(Common 
Mode Voltage Range = -3.0 V ~Vin 
~3.0V) 


4.75 <;;VCC <;;5.25 V T 
= 250C 
j MC3430. MC3432 
- 
- 
±6.0 
- 
- 
±6.0 


-4.75 ;;>VEE ;;>-5.25 V 
A 
MC3431. MC3433 
- 
- 
±10 
- 
- 
±10 


(Common 
Mode Voltage Range = -3.0 V ~Vin 
~3.0 
V) 
4.75 <;;VCC <;;5.25 V TA 
= Oto 700cjMC3430. 
MC3432 
- 
- 
±7.0 
- 
- 
±7.0 
-4.75;;>VEE;;>-5.25V 
MC3431.MC3433 
- 
- 
±12 
- 
- 
±12 


Input Offset Voltage 
VIO 
- 
2.0 
- 
- 
2.0 
- 
mV 
(RS <;;200 Ohmsl 


Input Bias Current 
lIB 
~A 
IVCC = 5.25 V. VEE = -5.25 
VI 
MC3430. MC3432 
- 
20 
40 
- 
20 
40 
MC3431. MC3433 
- 
20 
40 
- 
20 
40 


Input Offset Current 
110 
- 
1.0 
- 
- 
1.0 
- 
~A 


Voltage Gain 
Avol 
- 
1200 
- 
- 
·1200 
- 
VIV 


Strobe Input Voltage 
(Low State) 
VILISI 
- 
- 
0.8 
- 
- 
0.8 
V 


Strobe Input Voltage 
(High State) 
VIHIS) 
2.0 
- 
- 
2.0 
- 
- 
V 


Strobe Current 
(Low State) 
IILISI 
- 
- 
-1.6 
- 
- 
-1.6 
mA 
IVCC = 5.25 V. VEE = -5.25 V. Vin = 0.4 VI 


Strobe Current 
(High State) 
'IHIS) 
IVCC = 5.25 V. VEE = -5.25 V. Vin = 2.4 VI 
- 
- 
40 
- 
- 
40 
~A 


IVCC = 5.25 V. VEE = -5.25 
V. Vin = 5.25 V) 
- 
- 
1.0 
- 
- 
1.0 
mA 


Output 
Voltage 
(High Statel 
VOH 
2.4 
- 
- 
- 
- 
- 
V 
(10 = -400 ~A. VCC = 4.75 V. VEE = -4.75 V) 


Output 
Voltage 
I Low State) 
VOL 
- 
- 
0.4 
- 
- 
0.4 
V 
(10 = 16 mA. VCC = 4.75 V, VEE = 4.75 V) 


Output 
Leakage Current 
ICEX 
- 
- 
- 
- 
- 
250 
~A 
(VCC = 4.75 V, VEE = -4.75 V. Vo 
= 5.25 VI 


Output 
Current Short Circuit 
los 
-18 
- 
-70 
- 
- 
- 
mA 
IVCC = 5.25 V. VEE = -5.25 
V) 


Output 
Disable Leakage Current 
loff 
- 
- 
40 
- 
- 
- 
~A 
(VCC = 5.25 V. VEE = -5.25 
V) 


High Logic Level Supply Currents 
ICC 
- 
45 
60 
- 
45 
60 
mA 
IVCC = 5.25 V, VEE = -5.25 V)· 
lEE 
- 
-17 
-30 
- 
-17 
-30 
mA 


A unique approach is used in specifying the MC343~33quad 
comparators. Previously. comparators have been specified as linear 
devices with common operational amplifier 
type parameters such 
as voltage gain IAvol), 
input offset voltage (ViOl, 
input offset 
current 
(1101and common-mode rejection ratio (CMA A). This is 
true despite the fact that most comparators are seldom operated in 
their linear region because it is difficult 
to hold a high gain com- 


parator in this narrow region. Comparators are normally 
used to 


"detect" 
when an unknown voltage level exceedsa given reference 
voltage. 


The most desirable comparator parameter is what minimum dif- 


ferential 
input voltage is required at the comparator's 
input ter- 


minals to guarantee a given output 
logic state. This new and im- 


portant 
parameter has been called input 
sensitivity 
(VIS) and is 
analagous to the input 
threshold voltage specification 
on a core 


memory 
sense amplifier. 
The input 
sensitivity 
specification 
in- 
cludes the effects of voltage gain, input offset voltage and input 
offset current and eliminates the need for specifying these three 
parameters. 


In order to make this parameter as inclusive as possible on the 
MC3430-33 series quad comparators, the input sensitivity is speci- 
fied within the following conditions: 


Commercial Temperature Aange - 
0 to 700C 
Power Supply Variations - 
±5% (all conditions) 


Input Source Aesistance - ~200 Ohms 
Common-Mode Voltage Range - -3.0 V to +3.0 V 
Note: Typical valueshave been included on the omitted parameters 
for 
applications 
where the offset voltages are externally 
nulled. 
Voltage gain is defined as the ratio of the resulting AVO to a 
change in the VIDA 
using conditions at which the VIO and 110 
are nulled. Thus, for worst case MTTL logic levels, the required 
output 
voltage change is 2.0 V (VOHmin - 
VOLmax '" 2.4 V - 


0.4 VI. 
If 2.0 mV are required at the input terminals to induce 
this change in logic state. the voltage gain would be 1000 V/V. 


Gain however is not the only factor 
affecting the logic tran- 
sition. 
Normally 
input 
offset 
voltages. that are not 
externally 
nulled. can add an appreciable error that drastically overshadows 
the comparator gain. Therefore, the 2.0 mV for example. required 
to cause the logic transition 
is often 
masked. An input offset 
voltage of 
up to 7.5 mV might be required to reach the linear 
region. A further consideration is the input offset current of up to 
±10 IJA flowing 
through the matched 20~Ohm source resistors at 
the input terminals which can create an additional error of ±2.0 
mV. In order to determine a worst case input sensitivity, 
it must 
be assumed that minimum 
specified gain and maximum specified 
offset 
voltage and current conditi~ns 
exist. Also it must be as- 
sumed that these three factors are cumulative, requiring a worst 
caseinput of: 


Logic Transition'" 
2.0 mV 
Via' 
7.5mV 


110of ±101JA thru 200-0hm resistor"" 2.0mV 
Therefore, 2 + 7.5 + 2'" 
11.5 mV. 


The effects 
of power supply voltage variations. temperature 
changes and common-mode 
input 
voltage conditions 
have not 


been considered, as they are not present in the gain and offset 
specifications on most comparators. 


Thus, the input 
sensitivity 
specification 
greatly 
reduces the 
effort 
required in determining the worst case differential 
voltage 
required by a given comparator type. 


Table 
I compares the worst case input 
sensitivity 
of 
three 
popular comparator types at both room temperature and over the 
specified commercial temperature 
range (0 to 7ooCl. This sensi· 


tivity 
was computed from the specified voltage gain. offset voltage 
and offset current limits. 


TA'" 
25°C 
TA"" 0 to 10°C 


Differential 
Input 
"0 
Error Voltage 
Differential 
Input 
"0 
Error Voltage 
V'O "-0," 
Voltage 
ReqUired 
RS""200n 
Generated 
Into 
Total 
V'O 
Avo!- 
Voltage 
Required 
RS = 200 n Gene'ated 
Into 
Toul 
Type 
mV 
V/V 
for 3.0 V Output 
"A 
200 n Source 
SensitIvity 
mV 
V/V 
for 3.0 V Output 
"A 
200 n Source 
S.nsitivity 
Number 
M•• 
Typ 
Change 
M•• 
ReSistors 
mV 
M•• 
Typ 
Change 
M•• 
Resistors 
mV 


MC3430. 
- 
- 
- 
- 
- 
60 
- 
- 
- 
- 
7.0 
MC3432 


MC3431. 
- 
- 
- 
- 
- 
10 
- 
- 
- 
- 
- 
12 
MC3433 


MC1]11C 
50 
1500 
20mV 
15 
30mV 
'0 
50 
1000 
30mV 
25 
5.0mV 
13 


lM311 
75 
200 k 
0015 
mV 
60" 
00012 
mV 
7516 
10 
100 k 
0.030 
mV 
70·· 
a 014 mV 
10.04 


3.5 


3.0 
~ 25 
~ 
'"; 2.0 
a 
:> 
1.5 
.... 


=>.... 


=> 
1.0 
a 
6 
:> 
0.5 


- 
Uncertainty 
Guaranteed - 
- 
Region 
- 
- 
MC3430 
VOH 
- 
_ 
MC3432 
All devIce 
- 
I 
I 
I 
types 
- 
- 
-Uncertainty 
r 1 
- 
_ 
Region 
- 
_ 
MC3431 
Guaranleed_ 
MC3433 
- 


M~~~30 
- - 


_Guaranteed 
MC3432 
- - 


- 
M~~4~0 
Only -- 


- 
MC3432 
-3.0 V" 
V'CR" 
3.0 V 


- 
I OO'i 
""-.. 
4.75 V "VCC" 
5.25 V 


-4.75V"VEE"-:5~ 
Guaranteed 
oac" fA <;; JOoe 


VOL All devtce types 
RS"200n 


~ 
2.0 
~ 


l.=J 
1.0 
; 
a 
:>.... 
~ 
1.0 


Iii -2.0 
"1: 
:> 


RS"200n 
-3.0 V" 
V'CR" 
3.0 V 
(lOe " TA" 
JOoe 
4.75 V" 
VCC" 
5.25 V 


-4.75 V" 
VEE" 
-5.25 V 


-3.0 
-2.0 
-1.0 
a 
1.0 
2.0 
3.0 
4.0 


VinlA), 
INPUT VOLTAGE 
(VOLTS) 


MC3430, 
MC3431 
MC3432, MC3433 


Characteristic 
Symbol 
Fig. 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


High to Low Logic Level Propagation Delay 
tPHLIDI 
6,8·" 
- 
20 
45 
- 
27 
50 
n, 


Time (Differential Inputs) 5.0 mV + VIS 


Low to High Logic Level Propagation Delay 
'PLHIDI 
6,8-" 
- 
33 
55 
- 
40 
65 
n, 


Time (Differential Inputs) 5.0 mV + VIS 


Open State to HIgh Logic Level Propagation 
tPZHISI 
4 
- 
- 
35 
- 
- 
- 
n, 


Delay Time (Strobe) 


High Logic Level to Open State Propagation 
tPHZISI 
4 
- 
- 
35 
- 
- 
- 
n, 


Delay Tmle (Strobel 


Open State to Low Logic Level Propagation 
'PZLlSI 
4 
- 
- 
40 
- 
- 
- 
n, 


Delay 
TIrTlE! 
(Strobel 


low 
Logic LeveI to Open State Propagation 
'pLZISI 
4 
- 
- 
35 
- 
- 
- 
n, 


Delay 
T .me (Strobel 


High Logic to Low Logic Level Propagation 
'PHLISI 
5 
- 
- 
- 
- 
- 
40 
n, 


Delay Ttme (Strobel 


Low Logic to High Logic Level Propagation 
'PLHISI 
5 
- 
- 
- 
- 
- 
35 
n, 


Delay TIn"le (Strobel 


V, 
V2 
SI 
S2 
CL 


tPLZ(S) 
100 mV 
GND 
Closed 
Closed 
15 pF 


tpZL(S) 
100 mV 
GND 
elated 
Open 
50 pF 


tpHZIS) 
GND 
100mV 
Closed 
Closed 
15 pF 


tpZH(S) 
GND 
lQOmV 
Open 
Closed 
50 pF 


CL 
includes 
jig 
and 
probe 
capacitance. 


Ein 
waveform 
characterIstics 


tTLH 
and tTHL 
~ 
10 ns measured 
10% to 90%. 
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Duly Cycle" 
50" 


tpLZ(S) 
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<; 10 ns me.sured 
10% to 90%. 


PAA 
= 1.0 MHz 
Dutv Cvcle • 5o" 


51 at "A" 
for 
MC3430, 
MC3431 


51 at "8" 
for 
MC3432, 
MC3433 


CL = 50 pF total 
for 
MC3430, 
MC3431 


CL = 15 pF total 
for 
MC3432. 
MC3433 
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E in waveform 
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if 


20= 
(A'" 
Bl 
(C"'" 
0) 
(E""," 
F) (H .•.J) 
(K"'" 
L) (M'" 
Nl 
(p 
+ R) (5) 
2T '" (8 + 0) Ii: 
.•.J) tL + N) (FIl 
22 '" (0 
+ J) fNl 
5.0 
V 


23 '" J 


D 
22 


c 


2' 


A 
;0 


II 


II 


Vref 
I 


Vlow 


Vhigh 
- 
I--VH 


Vin 
(VOL 
TSl 


Vhigh 
= 
Vref 
+ A2 
(Vo~~a+x~; 
vAEFJ 


V 
_ V 
+ A2 
(VO(min) 
- 
VREFI 
low 
- 
ref 
A 1 .•. R2 


- 
1.0V 


0.0 
V 


ORDERING 
INFORMATION 


Device 
TemperetureRange 
P.cUg. 


Plastic 
DIP 
50-8 
Metal Can 
Plastic DIP 
Ceramic DIP 
Metal Can 


Ceramic 
DIP 


MC3358Pl 
MC3458D 
MC3458G 
MC3458P1 
MC3458U 
MC3558G 
MC3558U 


- 4O"Cto + 85·C 


O"Cto +70"C 
O"Cto +70"C 
O"Cto +70"C 
O"Cto +70"C 


- 55·C to + 125·C 
- 55·C to + 125·C 


Specifications 
and Applications 
Information 


Utilizing 
the 
circuit 
designs 
perfected 
for 
recently 
introduced 


Quad 
Operational 
Amplifiers, 
these 
dual 
operational 
amplifiers 


feature 
1) low 
power 
drain, 
2) 
a common 
mode 
input 
voltage 
range 


extending 
to groundlVEE, 
3) Single 
Supply 
or Split 
Supply 
operation 


and 4) pin 
outs 
compatible 
with 
the 
popular 
MC1558 
dual 
operational 


amplifier. 
The 
MC3558 
Series 
is equivalent 
to one-half 
of 
a MC3503. 


These 
amplifiers 
have 
several 
distinct 
advantages 
over standard 


operational 
amplifier 
types 
in 
single 
supply 
applications. 
They 
can 


operate 
at 
supply 
voltages 
as low 
as 3.0 
Volts 
or as high 
as 36 
Volts 


with 
quiescent 
currents 
about 
one-fifth 
of 
those 
associated 
with 
the 


MC1741 
Ion 
a per 
amplifier 
basis). 
The 
common 
mode 
input 
range 


includes 
the 
negative 
supply. 
thereby 
eliminating 
the 
necessity 
for 


ex ternal 
biasing 
components 
in many 
applications. 
The 
output 
voltage 


range 
also includes 
the 
negative 
power 
supply 
voltage. 


• 
Short 
Circuit 
Protected 
Outputs 


• 
True 
Differential 
Input 
Stage 


• 
Single 
Supply 
Operation: 
3.0 
to 36 
Volts 


• 
Low 
Input 
Bias Currents 


• 
Internally 
Compensated 


• 
Common 
Mode 
Range 
Extends 
to 
Negative 
Supply 


• 
Class AS Output 
Stage for Minimum 
Crossover Distortion 


• 
Single 
and 
Split 
Supply 
Operations 
Available 


• 
Similar 
Performance 
to the 
Popular 
MC1558 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltages 
Vdc 
Single Supply 
VCC 
36 
Split Supplies 
VCC 
+18 


VEE 
- 18 


Input Differential 
Voltage 
VIDR 
!30 
Vdc 


Range III 


Input Common Mode Voltage 
VICR 
!15 
Vdc 
Range (2) 


Input Forward Current 
IIF 
50 
mA 
IVI < -0.3 
VI 


Junction Temperature 
TJ 
°c 


Ceramic and Metal Packages 
175 
Plastic Package 
150 


Storage Temperatu re Range 
Tstg 
°c 
Ceramic and Metal Packages 
-65 to +150 


Plastic Package 
-55 to +125 


Operating Ambient Temper- 
TA 
°c 


ature Range 
MC3558 
-55 
to 
+ 125 


MC34S8 
o to 
+70 


MC3358 
-40 
to 
+85 


(1) Split Power Supplies. 
{21 For Supply Voltages lessthan! 15 V, the absolute m.aximum input voltage is equal to 
the supply voltage. 


MC3458 
MC3558 
MC3358 


DUAL 
DIFFERENTIAL 
INPUT 
OPERATIONAL 
AMPLIFIERS 


G SUFFIX 
METAL 
PACKAGE 
CASE 
601-04Il 
8 
1 


VCC 


Pl SUFFIX 


PLASTIC 
PACKAGE 
CASE 
626-05 
(MC3458, 
MC3358 
Only) 


""m, 
~ 
CERAMIC 
PACKAGE 
aU 


CASE 
693-02 


1 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 


SO-8 


II 


MC3558 
MC""",, 
M03358 


ChrirKteristk: 
Symbol 
M,n 
TyO 
M•• 
M,n 
TyO 
M•• 
Min 
TyO 
M•• 
Unit 


Input Offsel Voltage 
V'O 
- 
20 
50 
- 
20 
10 
20 
8.0 
mV 


TA·Tt1lghtoTlowl11 
- 
- 
60 
- 
- 
12 
- 
- 
10 


Inpul Olfset Currenl 
110 
30 
50 
- 
30 
50 
- 
30 
75 
nA 


TA· 
Tt1lgh 10 Tlow 
- 
- 
200 
- 
- 
200 
- 
- 
250 


large Signal Open-loop 
VOllage G/IIR 
AVOl 
V/mV 


VO· 
! 10 V, Rl• 
2.0 kn. 
50 
200 
- 
20 
200 
- 
20 
200 
- 


TA· 
Thigh to Tlow 
25 
300 
- 
15 
- 
15 
- 
- 


Input B,al Curren I 
"B 
- 
-200 
-500 
-200 
-500 
-200 
-500 
nA 


TA· 
ThIgh 10 Tlow 
- 
-300 
.1S00 
- 
-800 
- 
-1000 


Output 
Impedance 
'n 
15 
15 
15 
- 
n 


f· 
20 HI 


Input Impedance 
'. 
03 
10 
03 
10 
- 
03 
10 
- 
Mn 


I- 
20 HI 


Oulput 
Vollage Range 
VOR 
V 


Rl~10kn 
'12 
'13S 
'12 
'13S 
12 
12.5 
- 


RL~20kU 
. '0 
·13 
"0 
·13 
10 
12 
- 


RL ~ 20kn. 
TA ~ ThllJt110T.ow 
"0 
·to 
- 
- 
10 
- 


Inpul Common 
Mode Voltage Range 
VICR 
~13 V -vEE 
+13 SV-VEE 
·13V.VEE 
~13 SV .VEE 
+12V-VEE 
+125V-VEE 
- 
V 


Common·Mode 
Reject,on 
Ral'o 
CMRR 
70 
90 
70 
90 
70 
90 
d8 
RS"'; 10 kn 


Power Supply Currenl 
IV0" 
01 
'cc.lee 
' 6 
22 
16 
37 
16 
37 
mA 


RL• 
- 


Ind,y,dual Output 
ShorIC,rcu'l 
CUflent (21 
'OS· 
'10 
'30 
'45 
'10 
·20 
'45 
. 10 
'30 
'45 
mA 


Po"I,ve 
Power Supply ReJecllon Ra',o 
PSRR~ 
30 
'50 
30 
ISO 
30 
'SO 
,..V!V 


NegatIve Power Supply ReJecloon Rat'o 
PSAR~ 
30 
150 
30 
ISO 
,.V!V 


Average Temperature 
Coell,c,en' 
0' Input 
110' 
T 
50 
50 
50 
pAloC 
OlhelCurre'" 
TA ~ Th,gh '0 TIOw 


Average Temperilliure Coell,e,ent 
01 Input 
VIO' 
T 
to 
.0 
10 
p.V/oc 


OfhetVollil9f: 


TA ~ Tt1lgh to T10w 


Power BandWIdth 
BW. 
90 
90 
9.0 
kH, 
AV~ 1, RL - 2 Okll. Vo ~ 20Vlp-pl. 


THD·5% 


Small-S,gnal Bandw,dth 
BW 
to 
10 
to 
, 
MH, 


AV• 
1. RL - 10kn. 
Vo ~ 50mV 


Slew Rale 
SR 
06 
06 
06 
VI,.., 


AV ~ 1. V,. 
-IOV 10 ·1QV 


R.seT,me 
ITLH 
035 
o 3S 
035 
.. 


AV" 
1.RL -10 
kU. Vo ~ SOmV 


Fall T,me 
ITHL 
o 3S 
o 3S 
035 
.. 


AV ~ I.RL• 
10 kU. Vo ~ SOmV 


Overshoot 
OS 
20 
20 
- 
20 
- 
.• 


AV" 
1,RL· 
10 kU. Vo ~ SOmV 


Pt1ue MargIn 
Om 
60 
60 
60 
Deg'ees 


AV-1,RL· 
20 kn.CL'" 
200pF 


Cronoyer 
D,1l0fl.on 
.0 
10 
10 
.• 


IV",· 
JOmVp,P. 
VOUI~ 20 VPP. 


I ~ 10 kHzl 


111Thlgt1 " 125°C lor MC3SSB. 70°C lor MC34SS, SSoC lor MC3358 
Tlow 
-SSoC for MC3SS8. OOClor MC34SB, .•••OOClor MC33S8 


ELECTRICAL 
CHARACTERISTICS 
lVCC 
E SO v. Vee· 
Gnd. TA ~ 2S0C unlen 
otherw.,e 
noted I 


MC3558 
MC3458 
MCJ358 


CharKt.'istic 
Symbol 
Min 
TyO 
M,. 
Min 
TyO 
M•• 
Min 
TyO 
M•• 
Unit 


'nput 
Olhet 
Voltage 
V'O 
- 
20 
50 
- 
20 
10 
- 
20 
10 
mV 


Inpul Offset Current 
"0 
30 
50 
30 
50 
75 
nA 


Input Bi.s Current 
'tB 
- 
-200 
-500 
-200 
-500 
-500 
nA 
Large·Slgnal Open-loop 
Vollage Gain 
AVOL 
20 
200 
20 
200 
20 
200 
V/mV 


Rl- 
2.0kn 


Power Supply 
RejectIon 
RattO 
PSRR 
- 
- 
ISO 
- 
150 
- 
150 
.VN 


Output 
Volt. 
Range 131 
VOR 
Vp-p 
RL· 
10 ••n, 
VCC" 
5.0 V 
3.3 
3.5 
- 
3.3 
3.5 
- 
3.3 
3.S 
- 


Rl· 
10 ••n, 5.0 V" 
VCC" 
30 V 
- 
VCC-l.7 
V 
- 
- 
VCC -1.7 
V 
- 
- 
VCC -1.7V 
- 


Po_, 
Supply Current 
'CC 
- 
2.5 
4.0 
- 
2.5 
7.0 
2.5 
4.0 
mA 
ChenMI Separatto" 
- 
- 
-120 
- 
-120 
-120 
- 
dB. 


I • 1.0 kHz to 20 ••HI It"PUt R.ferenced) 


REPRESENTATIVE 
CIRCUIT 
SCHEMATIC 
(V, of Circuit Shown) 


Bias Circuitry 
Common 
to Both 
Amplifiers 


The 
MC3558 
Series is made using two 
internally 


compensated, 
two-stage 
operational 
amplifiers. 
The 
first 
stage of each consists 
of differential 
Input devices 
024 
and 


022 
with 
Input 
buffer 
transistors 025 
and 021 
and 
the differential 
to single ended converter 
03 
and 04. 


The first 
stage performs 
not 
only 
the first 
stage gain 
function 
but also performs the level shifting and trans· 


conductance 
reduction 
functions. 
By 
reducing 
the 
trans- 


conductance a smaller compensation capacitor (only 5 pF) 
can be employed, 
thus saving chip area. The transcon· 


ductance 
reduction 
is accomplished 
by 
splitting 
the 
col- 


lectors of 
024 
and 022. 
Another 
feature of this input 


stage 
is that 
the 
input 
common-mode 
range 
can 
include 


the 
negative 
supply 
or 
ground, 
in single 
supply 
operation, 
without 
saturating either the input 
devices or the dif· 


ferential to single·ended converter. The second stagecan· 


sists 
of 
a 
standard 
current 
source 
load 
amplifier 
stage. 


The output stageis unique becauseit allows the output 


to swing to ground in single supply operation and yet does 


not 
exhibit 
any 
crossover 
distortion 
in split 
supply 
oper· 
ation. This is possiblebecauseclassAS operation is utilized. 


Each amplifier 
is biased from an internal·voltage regu· 


lator which has a low temperature coefficient 
thus giving 


each amplifier good temperature characteristics as well as 
excellent power supply rejection. 


III 


.. 
::;o 
20 
~ 
w 
~ 
15 
':; 


~ 
10 
.- 
=>~ 
~ 
5.0 


ci 
> 


10 k 
100 k 


I, FREQUENCY 
IHll 


I 
VCC= 
+lSV_ 
VEE = 
-lSV 


TA = 2S·C 
- 


----- --- 


-75 
-55 
-35 
-15 
5.0 
25 
45 
65 
85 
105 
115 


T, TEMPERATURE 
(OCI 


IIII 
I 
I 
VCC= 
+lSV 


.......t-- 
VEE = 
-lSV 


TA = 2S·C 


r--. 


....•• 


I 


....••....•• 


II 


~100 
~- 


~ 
~ 
80 
~~ 
~ 
~ 
60 
..~ 
~o 


~~ 
40 
~g 
Z 
20 
~ 
o 


TA·250C 


, 


./ 


/ 
./ 


./ 


[7 
/ 


./ 


" 


~ 
~ 
20 
w 
'"; 
o 
> 
1'0 


<i. 
o 
> 
0 


o 
2.0 
4.0 
6.0 
8.0 
10 
12 
14 
16 
18 
20 


VCC 
AND 
VEL 
POWER 
SUPPL Y VQL TAGES 
(VOLTSI 


.•...... 


" 


2.0 
4.0 
6.0 
8 
10 
12 
14 
16 
18 
20 


VCC AND 
IV EEl, 
POWER 
SUPPL Y VOLTAGES 
(VOL TSI 


A' 


VO""Rl+A2, 


Vo 
"""2VCC 


For 
'O=' 
1 kHz 


A 
16 kH 


C - 001 
J.lF 


V~HLB-' 
Vo 
: 


I 
I 


I 


VOL 
V,nL: 
VlnH 


Vref 


Al 


VmL 
= A 1 + R2 (VOL 
- 
Vref) 
+ Vref 


A' 


VIOH '" R 1 •. R2 (VOH 
- 
Vrefl 
+ Vref 


A' 
H = At 
+ A2(VOH 
- 
VOL' 


At:: 
OR 


Al 
A2=- 


Tep 


R3'" 
TN 
A2 


Cl 
= 10 C 


to 
= , kHz 


Q'"' 10 


Tap 
= 
1 


TN 
= 1 
c,E-----e 
Notch 
Output 
A = 160 kn 


C = 0.001 
~F 


Rt "" 1.6 Mn 


R2 = 1.6 Mn 
R3" 1.6 Mn 


, 


Vref'" 
2 VCC 


Vref 


4 


C 


f2 


E-evo 
Co 


CO::: 
10 C 


Q 
A3:-- 


rr fa C 


R3 
Rl:--- 


2 Alfo) 


Rl 
R3 


R2:11: 4Q2 
R 1 _ 
R3 


® MOTOROLA 


LOW COST PROGRAMMABLE 
OPERATIONAL 
AMPLIFIER 


The 
MC3476 
is a low cost 
selection 
of 
the 
popular, 
industry- 


standard 
MC1776 
programmable 
operational 
amplifier. 
This 
extremely 
versatile 
operational 
amplifier 
features 
low 
power 


consumption 
and 
high 
input 
impedance. 
In addition, 
the 
quiescent 
currents 
with in the 
device 
may 
be programmed 
by the 
choice 
of 
an external 
resistor 
value 
or current 
source 
applied 
to the 
Iset input. 
This 
allows 
the 
amplifier's 
characteristics 
to be optimized 
for input 
current and power consumption despite wide variations in operating 
power 
supply 
voltages. 


• 
± 6.0 V to ± 18 V Operation 


• 
Wide Programming 
Range 


• 
Offset 
Null Capability 


• 
No Frequency 
Compensation 
Required 


• 
Low Input 
Bias Currents 


• 
Short-Circuit 
Protection 


"", 
vec - 0.6 
lsel"-- 


Rset 


Typical 
Rset 
Values 


VCC·VEE 
'set'" 
lOIlA 
'set 
= 151lA 


±6.Q 
V 
560 kil 
360 kn 
±9.0 V 
820 kil 
560 kil 
±12 V 
1.0 Mil 
750 kn 
±15 V 
1-5 Mil 
1.0Mn 


Typical 
Aset Values 


VCC,VEE 
lset>: 
lOIJA 
Iset'" 
151lA 


±'6.0 
V 
1.0 Mil 
820 kil 


±9.0 V 
1.8 Mil 
1.2 Mn 


±12 V 
2.2 Mil 
1-5 Mil 
±15 
V 
2.7 Mn 
2.0 Mil 


MC3476 


LOW COST 
PROGRAMMABLE 
OPERATIONAL 
AMPLIFIER 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


G SUFFIX 
METAL 
PACKAGE 
CASE 
601-04 


P1 SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


U SUFFIX 
CERAMIC 
PACKAGE 
CASE 
693-02 


Inverting 
Input 
2 


Non-Inverting 
Input 
3 


Device 
Temperature 
Range 
Package 


MC3476G 
a to +700C 
Metal 
Can 


MC3476Pl 
o to +70oC 
Plastic 
DIP 


MC3476U 
o to +70oC 
Ceramic 
DIP 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltages 
VCC.VEE 
.,8 
Vdc 


Input Differential 
Voltage 
Range 
VIDR 
.30 
Vdc 


Input Common·Mode 
Voltage 
Range 
VICR 
VCC. VEE 
Vdc 


Offset Null to VEE 
Voltage 
Voff-VEE 
±O.5 
Vdc 


Programming Current 
Iset 
200 
"A 
Programming Voltage 
Vset 
IVCC-0.6 
VI 
Vdc 


(Voltage 
from lset terminal 
to ground) 
'0 
VCC 


Output 
Short-Circuit 
Duration· 
'S 
Indefinite 
s 


Operating Ambient 
Temperature 
Range 
TA 
0'070 
°c 
Storage Temperature Range 
Tstg 
°c 
Metal and Ceramic Packages 
-65 '0 +150 
Plastic Package 
-5510+125 


Junction Temperature 
TJ 
°c 
Metal and Ceramic Packages 
175 
Plastic Package 
150 


Characteristic:: 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS" 
10 kill 
V,O 
mV 
TA =+250e 
- 
2.0 
6.0 
oOe •• TA" 
70°C 
- 
- 
7.5 


Offset Voltage Adjustment 
Range 
V,OR 
- 
18 
- 
mV 


Input Offset Current 
110 
nA 
TA =+250e 
- 
2.0 
25 
TA = 70°C 
- 
- 
25 
TA = oOe 
- 
- 
40 


Input Bias Current 
118 
nA 
TA=+250e 
- 
15 
50 
TA = 70°C 
- 
- 
50 
TA = oOe 
- 
- 
100 


Input Resistance 
'i 
- 
5.0 
- 
Mil 


Input Capacitance 
ei 
- 
2.0 
- 
pF 


Input Common-Mode 
Voltage 
Range 
VieR 
.10 
- 
- 
V 
oOe •• TA" 
70°C 


Large Signal Voltage Gain 
AVOL 
V/V 
R L ;> 10 kil, 
Vo = • 10 V, TA = + 25°C 
50k 
400 k 
- 


RL;> 
10 kil, 
Vo =.10 
V, oOe •• TA" 
70°C 
25 k 
- 
- 


Output 
Voltage 
Range 
VOR 
V 
RL;> 
10 kil, TA = +250e 
.12 
± 13 
- 


RL;> 
10 kil,Ooe" 
TA" 
70°C 
• 12 
- 
- 


Output 
Resistance 
'0 
- 
1.0 
- 
kil 


Output 
Short-Circuit 
Current 
'os 
- 
12 
mA 


Common-Mode 
Rejection 
Ratio 
eMRR 
70 
90 
- 
dB 
RS" 
1a kil, 
oOe •• TA •• 70°C 


Supply Voltage 
Rejection 
Ratio 
PSRR 
25 
200 
~V/V 


RS" 
10 kil,Ooe 
•• TA" 
70°C 


Supply Current 
'ee,IEE 
~A 
TA = +250e 
- 
160 
200 
oOe •• TA" 
70°C 
- 
- 
225 


Power Dissipation 
PO 
mW 
TA = +250e 
- 
4.8 
6.0 
oOe •• TA" 
70°C 
- 
- 
6.75 


Transient 
Response (Unity 
Gain) 


Vin = 20 mV, RL;> 
10 kil, eL = 100 pF 
Rise Time 
tTLH 
- 
0.35 
- 
~s 


Overshoot 
OS 
- 
10 
- 
% 


Slew Rate (RL ;> 10 kill 
SR 
- 
0.8 
- 
V/~s 


II 


TYPICAL 
CHARACTERISTICS 


(T A 
:z +2SoC unless otherwise noted.) 


v; 
:E 
10M 
x~~ 
ot; 
~ 
1.0M 


•...~i lOOk 


FIGURE 
3 - 
OPEN-LOOP 
GAIN 
versus 
SET CURRENT 


107 


~~ 
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=> 
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TYPICAL 
CHARACTERISTICS 
(continued) 


(T A = +250C 
unless otherwise noted.) 


vec'" 
+15 V 
---- 
VEE 
0-15 
V 
lsel 
:c 15~AII 
V 
./ 


Iset" 
15~A 
7 


RL" 
10 k V 


....V 


./ 


/" 
V 


40 


36 


~ 
32 
C>z 
28 
~ 


'" 
24 
" 
~ 
20 


~ 
16 


~ 
12 


~ 
8.0 
> 


2.0 
4.0 
6.0 
8.0 
10 
12 
14 
16 


VCC.IVEEJ. 
SUPPLY 
VOLTAGES 
(V) 


II 


The MC4558, MC4558AC, and MC4558C combine 
all the out- 
standing 
features 
of the MC1458 and, in addition, 
possess three 
times the unity gain bandwidth 
of the industry 
standard. 


• 
2.5 MHz Unity Gain Bandwidth 
Guaranteed 
on MC4558 and 
MC4558AC 


• 
2 MHz Unity Gain Bandwidth 
Guaranteed on MC4558C 


• 
Internally 
Compensated 


• 
Short-Circuit 
Protection 


• 
Gain and Phase Match between Amplifiers 


• 
Low Power Consumption 


MC4558 
Rating 
Symbol 
MC4558AC 
MC4558C 
Unit 


Power Supply Voltage 
VCC 
+22 
+18 
Vdc 


VEE 
-22 
-18 
Vdc 


Input Differential 
Voltage 
VID 
'30 
Volts 


Input Common 
Mode Voltage 
(Note 
1) 
VICM 
± 15 
Volts 


Output 
Short-Circuit 
Duration 
(Note 
2) 
t5 
Continuous 


Operating Ambient 
Temperature 
Range 
TA 
See 
Ordering 
Information 
Below 


Storage 
Temperature 
Range 
Tstg 
°c 


Metal 
and 
Ceram 
ic Packages 
-65 
to +150 


Plastic 
Package 
-55 
to +125 


Junction 
Temperature 
TJ 
°c 
Metal and Ceramic 
Packages 
175 


Plastic 
Package 
150 


Note 1. 
For supply voltages less than 
± 15 V, the absolute maximum 
input voltage is equal 
to the supply voltage. 


Note 2. 
Short circuit may be to ground or either supply. 


DUAL 
WIDE 
BANDWIDTH 
OPERATIONAL 
AMPLIFIER 


G SUFAX 
METAL 
PACKAGE 
CASE 
601-04 


VEE 


(Top 
View) 


~ 


P1SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 
• 
,;"'", 
~ 
CERAMIC 
PACKAGE 
U 


CASE 
693-02 
• 


1 
•• 


1 


D SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
SO-8 


Temper8ture 


Device 
R8nge 
P.ck8g_ 


MC4558G 
Metal 
Can 
-55 
to +125°C 
MC4558U 
Ceramic 
DIP 


MC4558CO 
50-8 


MC4558CG 
Metal 
Can 


MC4558ACP1, 
o to +70"(; 
Plastic 
DIP 
CP1 


MC4558CU 
Ceramic 
DIP 


Characteristic 


Unity Gain Bandwidth 


Input Offset Voltage 
Via 
- 
1.0 
5.0 
- 
2.0 
6.0 
mV 


IRS" 
10 knJ 


Input Offset Current 
110 
- 
20 
200 
- 
20 
200 
nA 


Input Bias Currentt 
liB 
- 
80 
SOO 
- 
80 
500 
nA 


Input Resistance 
ri 
0.3 
2.0 
- 
0.3 
2.0 
- 
Mfl 


Input Capacitance 
Ci 
- 
1.4 
- 
- 
1.4 
- 
pF 


Common Mode Input Voltage Range 
VICR 
%12 
%13 
- 
±12 
±13 
- 
V 


Large Signal Voltage Gain 
Av 
IVO' 
%10 V. RL' 
2.0 kfll 
50 
200 
- 
20 
200 
- 
V/mV 


Output Resistance 
ro 
- 
75 
- 
- 
75 
- 
fl 


Common Mode Rejection Ratio 
CMRR 
70 
90 
- 
70 
90 
- 
dB 


IRS" 
10 kfll 


Supply Voltage Rejection Ratio 
PSRR 
- 
30 
150 
- 
30 
150 
"VIV 
IRS" 
10 kfll 


Output Voltage Swing 
Va 
IRL;;' 
10 kfll 
%12 
±14 
- 
±12 
±14 
- 
V 


IRL ;;. 2 kfll 
±10 
%13 
- 
%10 
±13 
- 


Output Short-Circuit Current 
los 
10 
20 
40 
10 
20 
40 
mA 


Supply Currents (Both Amplifiers) 
ID 
- 
2.3 
5.0 
2.3 
5.6 
mA 


Power Consumption (Both Amplifiers) 
Pc 
- 
70 
150 
- 
70 
170 
mW 


Transient Response (Unity Gain) 


IVI • 20mV. 
RL;;' 
2kfl. 
CL" 
100 pFI 
Rise Time 
tTLH 
- 
0.3 
- 
- 
0.3 
- 
"S 
IVI • 20mV. 
RL ;;. 2 kfl. 
CL" 
100 pFI 
Overshoot 
os 
- 
15 
- 
- 
15 
- 
% 
IVI = 10 V. RL;;. 
2 kfl. 
CL" 
100 pFI 
Slew Rate 
SR 
1.5 
1.6 
- 
1.0 
1.6 
- 
V/"s 


Input Offset Voltage 
Via 
- 
1.0 
6.0 
- 
- 
7.5 
mV 
IRS" 
10 kfll 


Input Offset Current 
110 
ITA'Thighl 
- 
7.0 
200 
- 
- 
- 
nA 


ITA'Tlowl 
- 
85 
500 
- 
- 
- 


IT A = OoC to + 700CI 
- 
- 
- 
- 
- 
300 


Input Bias Current 
liB 
ITA = Thighl 
- 
30 
SOO 
- 
- 
- 
nA 
ITA 
= Tlowl 
- 
300 
1500 
- 
- 
- 


IT A = OoC to +700CI 
- 
- 
- 
- 
- 
800 
Common Mode Input Voltage Range 
VICR 
%12 
%13 
- 
- 
- 
- 
V 


Large Signal Voltage Gain 
Av 
IVO - %10 V. RL = 2 kfll 
25 
- 
- 
15 
- 
- 
Vim V 


Common Mode Rejection Ratio 
CMRR 
70 
90 
- 
- 
- 
- 
dB 


IRS" 
10 kfll 


Supply Voltage Rejection Ratio 
PSRR 
- 
30 
150 
- 
- 
- 
"VIV 


IRS" 
10 kfll 


Output Voltage Swing 
Va 
IRL;;' 
10 kfll 
%12 
±14 
- 
±12 
%14 
- 
V 


IRL;;' 
2 kfll 
±10 
'13 
- 
%10 
113 
- 


Supply Currents (Both Amplifiersl 
ID 
ITA' 
Thigh) 
- 
- 
4.5 
- 
- 
5.0 
mA 


ITA - Tlow) 
- 
- 
6.0 
- 
- 
6.7 


Power Consumption (Both Amplifiers) 
Pc 
- 
- 
135 
- 
- 
150 
mW 


ITA = Thighl 
- 
- 
180 
- 
- 
200 


ITA = Tlow) 


"Thigh' 
125°C 
for MC4558 
and 70°C 
for MC4558C 
and MC4558AC. 


Tlow 
• -55°C 
for MC4558 
and OoC for MC4558C 
and MC4558AC. 
t liB is out of the amplifier due to PNP input transistors. 


II 


II 


10 k 
10 k 
100 k 


RS.SOURCE 
RESISTANCE 
!OHMS) 


""~ 
~~ 
60 
... 
=>~ 
z 


40 


20 


0 
10 


Unlike conventional 
peak reading or AMS meters, this system was 


especially 
designed 
to provide 
the Quick response 
time essential 
to 


burst (popcorn) noise testing_ 


Positive 


Threshold 
Voltage 


Low Pass 


Filter 


1.0 Hz to' 
kHz 


Negative 
Threshold 


Voltage 


The 
test 
time 
employed 
is 10 
seconds 
and 
the 
20 ~V 
peak 


limit 
refers 
to 
the 
operational 
amplifier 
input 
thus 
eliminating 
errors in the closed-loop gain factor of the operational amplifier 
under 
test. 


~ 
.......•.•. 


•........ 


t'--. 


"- 
"'- 


...•.... 


~ 


+140 


z 
+120 
~ 
+100 
~ 
+80 
~ 
0 
+60 
> 
" 
+40 
~ 
+20 


-20 
1.0 
10 
100 
1.0 k 
10 k 
100 k 
1.0 M 
10 M 


f, FREQUENCY (Hd 


.,/'- 


'15VISUprLlES 


'12J 


/' 


/ 


'9V 
-- 
/; 


'6 V 
/.IV 
V 
~ 
,3V 
- 


15 


13 
~ 
11 
~ 
~ 
9.0 
> 
>- 
7.0 
=>~ 
>- 
=> 
0 
5.0 
6 
> 


3.0 


1.0 k 
2.0 k 
10 k 


RL, LOAO RESISTANCE(OHMS) 


28 


24 
~~ 
20 


'" 
~ 
16 


> 
~ 


12 
g 
8.0 
6 
> 
4.0 


0 


10 


-....., 


1\ 
\ 
\ 


I\. 


UNITY 
GAIN 


\' 
\ 
\ 


180 


160 


ffi 
140 
~ 
'" 
120 
w 
0 
z 
100 
~ 
80 
.. 
'"~ 
60 


~ 
40 


20 
o 
1.0 
10 
100 
1.0 k 
10 k 
100 k 
1.0 M 
10M 


1, FREQUENCY 1Hz) 


- 


'15 V SUPPLIES 
./ 


'12 V 
-;7 


I/, - 


'9 V 


/1/ 


±6 
V 
li 
£ 


'3 V 


15 


13 
~ 
~ 
11 
w 
'".. 


9.0 
~ 
0> 
>- 
7.0 
ii' 
S 
0 
5.0 
6 
> 
3.0 


II 


Temperature Range 


- 55°C to + 125°C 
COCto + 70°C 
COCto + 70°C 
COCto + 70°C 


Package 


Ceramic 
DIP 
50-14 


Ceramic 
DIP 


Plastic 
DIP 


MC4741L 
MC4741CD 
MC4741CL 
MC4741CP 


Specifications 
and Applications 
Information 


(QUAD 
MC1741) 
OPERATIONAL 
AMPLIFIERS 


The 
MC4741 
series 
is a true 
quad 
MC1741. 
Integrated 
on a single 
monolithic 
chip 
are 
four 
independent, 
low-power 
operational 
ampl ifiers 
which 
have 
been 
designed 
to 
provide 
operating 
char- 
acteristics 
identical 
to those 
of the 
industry 
standard 
MC1741, 
and 
can be appl ied with 
no change 
in circuit 
performance. 


The MC4741 
can be used in applications 
where 
amplifier 
matching 
or 
high 
packing 
density 
is important. 
Other 
applications 
include 
high impedance 
buffer 
amplifiers 
and active 
filter 
amplifiers. 


• 
Class AB Output 
Stage 
Eliminates 
Crossover 
Distortion 


• 
True 
Differential 
Inputs 


(QUAD 
MC1741) 
DIFFERENTIAL 
INPUT 
OPERATIONAL 
AMPLIFIERS 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 


"# 
1 


D SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751 A-02 
50-14 


P SUFAX 
PLASTIC 
PACKAGE 
CASE 
646-06 - 


1 


Out 
Out 
1 
4 


Inputs 
Inputs 
1 
4 


vcc 
VEE 


Inputs 
Inputs 
2 
3 


Out 
Out 
2 
3 


(Top View) 


Rating 
Symbol 
MC4741 
MC4741C 
Unit 


Power Supply Voltage 
VCC 
+22 
+18 
Vdc 


VEE 
-22 
-18 
Vdc 


Input Differential 
Voltage 
VIO 
±44 
±36 
Volts 


Input Common 
Mode Voltage 
VICM 
±22 
±18 
Volts 


Output 
Short Circuit 
Duration 
t~ 
Continuous 


Operating 
Ambient 
Temperature 
Range 
TA 
-55 to +125 
o to +70 
°c 
Storage Temperature 
Range 
TSt9 
°c 
Ceramic Package 
-65 to +150 
Plastic Package 
-55to+125 


Junction Temperature 
TJ 
°c 
Ceramic Package 
175 
Plastic Package 
150 


II 


MC4741 
MC4741C 


Charlct •. istic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 
VIO 
- 
1.0 
5.0 
- 
2.0 
6.0 
mV 


IR" E;;10 k) 


Input Offset Current 
Iin 
- 
20 
200 
- 
20 
200 
nA 


Input Bias Current 
liB 
- 
80 
500 
- 
80 
500 
nA 


Input Resistance 
r' 
0.3 
2.0 
- 
0.3 
2.0 
- 
Mn 


Input Capacitance 
Ci 
- 
1.4 
- 
- 
1.4 
- 
pF 


Offset Voltage Adjustment 
Range 
VIOR 
- 
±'15 
- 
- 
±.15 
- 
mV 


Common Mode Input Voltage Range 
VICR 
±'12 
±'13 
- 
±.12 
±'13 
- 
V 


Large Signal Voltage Gain 
Av 
50 
200 
- 
20 
200 
- 
V/mV 
(Vn= 
+10V,R 
;;>2.0 k) 


Output 
Resistance 
ro 
- 
75 
- 
- 
75 
- 
n 


Common 
Mode Rejection 
Ratio 
CMRR 
70 
90 
- 
70 
90 
- 
dB 
IR~E;;10 
k) 


Supply Voltage 
Rejection 
Ratio 
PSRR 
- 
30 
150 
- 
30 
150 
INN 


IR~E;;10 
kl 


Output 
Voltage Swing 
Vo 
V 
(RL;;> 10 kl 
±.12 
±.14 
- 
±'12 
±'14 
- 
(RL;;>2 
k) 
±.10 
±'13 
- 
±.10 
±.13 
- 


Output 
Short-Circuit 
Current 
los 
- 
20 
- 
- 
20 
- 
mA 


Supply Current - 
(All 
Amplifiers) 
ID 
- 
2.4 
4.0 
- 
3.5 
7.0 
mA 


Power Consumption 
(All Amplifiers) 
Pc 
- 
72 
120 
- 
105 
210 
mW 


Transient 
Response (Unity 
Gain - 
Non-Inverting) 


{VI = 20 mV, 
RL" 
2 k, CL" 
100 pFI 
Rise Time 
trLH 
- 
0.3 
- 
- 
0.3 
- 
/JS 
{VI =20mV, 
RL" 
2k,CL" 
100pFI 
Overshoot 
os 
- 
15 
- 
- 
15 
- 
% 


(VI = 10 V, 
R L •• 2 k, CL •• 100 pFI Slew Rate 
SR 
- 
0.5 
- 
- 
0.5 
- 
V//JS 


cc= 
+ 
EE = -15 V. TA::: *Thiah to Tlnw unlessotherwise noted.) 


MC4741 
MC4741C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage 
VIO 
- 
1.0 
6.0 
- 
- 
7.5 
mV 
(R" E;;10 k!1l 


Input Offset Current 
110 
nA 
ITA = 125°C) 
- 
7.0 
200 
- 
- 
- 


{TA = -550CI 
- 
85 
500 
- 
- 
- 


(T A = OoC to +700CI 
- 
- 
- 
- 
- 
300 


Input Bias Current 
liB 
nA 


ITA = 1250Cl 
- 
30 
500 
- 
- 
- 


(TA = -550CI 
- 
300 
1500 
- 
- 
- 
IT A = OoC to +700C) 
- 
- 
- 
- 
- 
800 


Common 
Mode Input Voltage 
Range 
VICR 
±.12 
±.13 
- 
- 
- 
- 
V 


Large Signal Voltage Gain 
Av 
25 
- 
- 
15 
- 
- 
V/mV 
IR 
;;>2 k, Vnut' 
±.10 VI 


Common 
Mode Rejection 
Ratio 
CMRR 
70 
90 
- 
- 
- 
- 
dB 
IR" E;;10 kl 


Supply Voltage 
Rejection 
Ratio 
PSRR 
- 
30 
150 
- 
- 
- 
INN 


IR" E;;10 kl 


Output 
Voltage Swing 
Vo 
V 
IRL;;>10 
k) 
±.12 
±14 
- 
- 
- 
- 


(R 
;;>2k1 
±.10 
±.13 
- 
±10 
±'13 
- 
Supply Currents 
(All 
Amplifiers) 
ID 
mA 
ITA· 
1250CI 
- 
2.4 
3.4 
- 
- 
- 


ITA· 
-550CI 
- 
3.6 
5.0 
- 
- 
- 


Power Consumption 
(TA - +' 25°C) 
Pc 
- 
72 
102 
- 
- 
- 
mW 
(All Amplifiers) 
(TA ~ 
- 55°CI 
- 
108 
150 
- 


'Thigh 
c 125°C for MC4741 and 70°C for MC4741C 


Tlow 
= -55°C 
for MC4741 and OoC for MC4741C 


28 


24 


"~ 
20 
w 
'".. 
~ 
16 


> 
~ 
12 


~ 
ci 
8.0 
> 


4.0 


0 
10 


15 


14 


13 


12 
-t 
11 


~ 
10 


~ 
9.0 


~ 
8.0 


~ 
7.0 
g ~:~ 


~ 
4.0 
3.0 


2.0 


1.0 
100 


28 
26 
6: 24 
> 
;; 
22 
z 
20 


~ 
18 


~ 
16 


~ 
14 


> 
12 


~ 
10 
g 
8.0 


66.0 
> 
4.0 


2.0 


00 


TYPICAL 
CHARACTERISTICS 


(VCC"" 
+15 Vdc, VEE '" -15 Vdc. TA 
= t2S0C unless otherwise notedl. 


±15 VSUPPLIES 


I 
I 


±12V 


I 
I 


±9 V 


I 


// 
±6 


1 
V 
~ 
~ 
I 
I 


~ 
+80 


z 
;;: 
~ 
+60 


'".. 


~ 
+40 


> 


~ 
+20 
.. 


-15 
-14 
-13 
-12 


>6. -11 
;:;- -10 
'" 
~ 
-9.0 


;; 
-8.0 


;: 
-7.0 


~ 
-6.0 


5 -5.0 
ci -4.0 
> 
-3.0 


-2.0 
-1.0 
100 


+30 V Supply 
r----- 
+27 V 


+24 V 


f--- 
+21 V 


+18 V 


+15 V 


f-- 
+12 V 


+9.0 V 
f--- 
+6.0 V 
+5.0 V 


I 
I II 
I 
I 


± 15 V SUPPLIES 
I 
I 


±J12V 


±9 V 
.y 


./ 


±BV 


~ 


I 
I 


II 
I 
I 


'\ 
/ 
~UTPUT 
/ 
\ 
\ 
11pUT 


II 


fa 
= 1 kHz 


Q 
- 
10 


TBP 
= 
1 


TN'" 
1 


Rl:1< 
OR 


Al 
A2=- 


Tep 


A3· 
TN 
A2 


Cl ,., 10 C 


R=160kn 
c = 0.001 
,.,.F 


Al 
= l.6Mn 


R2=1.6Mn 
A3,., 
1.6 Mn 


ClE------e 
Notch Output 


105 


100 


~ 95 
z 
~ 90 
w 
"'; 85 
0> 
:> 
80 
« 


75 


- 
-- 
./" 
./ 
/" 


:/ 


® MOTOROLA 


DUAL, lOW 
NOISE 
OPERATIONAL AMPLIFIER 


The MC33077 is a precision 
high quality, 
high frequency, 
low 
noise monolithic 
dual operational 
amplifier 
employing 
innovative 
bipolar 
design 
techniques. 
Precision 
matching 
coupled 
with 
a 
unique analog resistor trim technique 
is used to obtain low input 
offset voltages. Dual-doublet 
frequency compensation 
techniques 
are used to enhance the gain bandwidth 
product of the amplifier. 
In addition, 
the MC33077 offers low input noise voltage, low tem- 
perature 
coefficient 
of input offset voltage, 
high slew rate, high 
ac and de open-loop 
voltage 
gain and low supply current 
drain. 


The all NPN transistor 
output 
stage exhibits 
no dead band cross- 
over distortion, 
large output 
voltage 
swing, excellent 
phase and 
gain margins, 
low open-loop 
output impedance and symmetrical 
source and sink ac frequency 
performance. 
The MC33077 is tested over the vehicular 
temperature 
range 
and is available in plastic DIP and SO-8 package (P and D suffixes). 


• 
Low Voltage Noise: 4.4 nV/YHz 
@ 1.0 kHz 
• 
Low Input Offset Voltage: 
0.2 mV 
• 
Low TC of Input Offset Voltage: 
2.0 J.LVrC 
• 
High Gain Bandwidth 
Product: 37 MHz @ 100 kHz 


• 
High AC Voltage Gain: 370 @ 100 kHz 
1850 @ 20 kHz 
• 
Unity Gain Stable: with Capacitance Loads to 500 pF 
• 
High Slew Rate: 11 V/J.Ls 
• 
Low Total Harmonic 
Distortion: 
0.0007% 
• 
Large Output Voltage Swing: 
+ 14 V to -14.7 
V 
• 
High DC Open-Loop Voltage Gain: 400 k (112 dB) 
• 
High Common 
Mode Rejection: 
107 dB 
• 
Low Power Supply Drain Current: 
3.5 mA 
• 
Dual Supply Operation: 
:!: 2.5 V to 
:!: 18 V 


DUAL 
OPERATIONAL 
AMPLIFIER 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
SO-8 


Inputs 
1 { 


Ambient 
Test 
Op Amp 
Temperature 
Function 
Device 
Range 
Package 


Dual 
MC33077D 
- 40·C to + 85·C 
SO-8 
MC33077P 
Plastic 
DIP 


II 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
(VCC to VEE) 
Vs 
+36 
Volts 


Input 
Differential 
Voltage 
Range 
VI DR 
(Note 
1) 
Volts 


Input 
Voltage 
Range 
VIR 
(Note 
1) 
Volts 


Output 
Short 
Circuit 
Duration 
(Note 
2) 
ts 
Indefinite 
Seconds 


Maximum 
Junction 
Temperature 
TJ 
+150 
'c 


Storage 
Temperature 
Tsto 
-60 
to 
+150 
'c 


Maximum 
Power 
Dissipation 
Po 
(Note 
2) 
mW 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS = 
10G,VCM 
= OV,VO 
= OV) 
IVlol 
mV 


TA = 
+25'C 
- 
0.13 
1.0 


TA = 
-40'C 
to 
+85'C 
- 
- 
1.5 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
.:lVIO/,n 
- 
2.0 
- 
p'vrc 


RS = 10 G, VCM = 0 V, Vo 
= 0 V, TA = 
- 40'C to 
+ 85'C 


Input 
Bias Current 
(VCM = 0 V, Vo 
= 0 VI 
liB 
nA 


TA = 
+25'C 
- 
280 
1000 


TA = 
-40'C 
to 
+85'C 
- 
- 
1200 


Input 
Offset 
Current 
(VCM = 0 V, Vo 
= 0 VI 
110 
nA 


TA = 
+25'C 
- 
15 
180 
TA = 
-40'C 
to 
+85'C 
- 
- 
240 


Common 
Mode 
Input 
Voltage 
Range 
(<l.VIO = 5.0 mY, Vo = 0 V) 
VICR 
± 13.5 
±14 
- 
V 


Large 
Signal 
Voltage 
Gain 
(VO = 
± 10 V, RL = 2.0 kO) 
AVOL 
VN 


TA = 
+25'C 
150 k 
400 k 
- 


TA = 
- 40'C to 
+ 85'C 
125 k 
- 
- 


Output 
Voltage 
Swing 
(VID = 
±1.0 
V) 
V 
RL = 2.0 kG 
VO+ 
13 
13.6 
- 
RL = 2.0 kG 
VO- 
- 
-14.1 
-13.5 


RL = 10 kG 
VO+ 
13.4 
14 
- 
RL = 10 kG 
VO- 
- 
-14.7 
-14.3 


Common 
Mode 
Rejection 
(Vin = 
±13 
V) 
CMR 
85 
107 
- 
dB 


Power 
Supply 
Rejection 
(Note 
3) 
PSR 
80 
90 
- 
dB 
VCCNEE 
= 
+15V/-15Vto 
+5.0 
V/-5.0 
V 


Output 
Short 
Circuit 
Current 
(VID = 
± 1.0 V, Output 
to Ground) 
ISC 
mA 
Source 
+10 
+26 
60 
Sink 
-20 
-33 
60 


Power 
Supply 
Current 
(VO = 0 V, All Amplifiers) 
10 
mA 
TA = 
+25'C 
- 
3.5 
4.5 
TA = 
-40'Cto 
+85'C 
- 
- 
4.8 


Notes: 
1. Either 
or both 
input 
voltages 
should 
not 
exceed 
VCC 
or Vee 
(See 
Applications 
Information), 


2. Power 
dissipation 
must 
be 
considered 
to ensure 
maximum 
junction 
temperature 
(TJI 
is not 
exceeded 
(See 
power 
dissipation 
performance 
characteristic. 
Figure 
1). 


3. Measured 
with 
VCC 
and Vee simultaneously 
varied. 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Slew 
Rate (Vin 
= 
-10 
V to + 10 V, RL = 2.0 kl1, CL = 
100 pF, AV 
= + 1.0) 
SR 
8.0 
11 
- 
V/j.Ls 


Gain 
Bandwidth 
Product 
(I = 
100 kHz) 
GBW 
25 
37 
- 
MHz 


AC Voltage 
Gain 
(RL = 2.0 kl1, Vo 
= 0 V) 
AVO 
VN 


I = 
100 kHz 
- 
370 
- 


1~20kHz 
- 
1850 
- 


Unity 
Gain 
Frequency 
(Open-Loop) 
IU 
- 
7.5 
- 
MHz 


Gain 
Margin 
(RL ~ 2.0 kl1, CL ~ 0 pFI 
Am 
- 
10 
- 
dB 


Phase Margin 
(RL = 2.0 kl1, CL = 0 pF) 
0m 
- 
55 
- 
Deg 


Channel 
Separation 
(I ~ 20 Hz to 20 kHz, RL ~ 2.0 kn, Vo 
= 
10 Vp_p) 
CS 
- 
-120 
- 
dB 


Power 
Bandwidth 
(VO = 27 Vp_p, RL = 2.0 kn, THO", 
1%1 
BWp 
- 
200 
- 
kHz 


Distortion 
(RL = 2.0 kl1) 
THO 
% 


AV 
= + 1.0. I = 20 Hz to 20 kHz 
Vo 
= 3.0 Vrms 
- 
0.0007 
- 


AV 
~ 2000, I ~ 20 kHz 


Vo 
~ 2.0 Vp_p 
- 
0.215 
- 


Vo 
~ 
10 Vp_p 
- 
0.242 
- 


AV 
~ 4000, I ~ 
100 kHz 


Vo 
~ 2.0 Vp_p 
- 
0.319 
- 


Vo 
= 
10 Vp_p 
- 
0.316 
- 


Open-Loop 
Output 
Impedance 
(VO = 0 V, I = IU) 
IZol 
- 
36 
- 
n 


Differential 
Input 
Resistance 
(VCM 
= 0 V) 
RIN 
- 
270 
- 
kn 


Differential 
Input 
Capacitance 
(VCM 
~ 0 VI 
CIN 
- 
15 
- 
pF 


Equivalent 
Input 
Noise 
Voltage 
(RS ~ 
100 l1) 
en 
nV/YHz 


I ~ 
10 Hz 
- 
6.7 
- 
I ~ 
1.0 kHz 
- 
4.4 
- 


Equivalent 
Input 
Noise 
Current 
(I = 
1.0 kHz I 
in 
pAlYHz 
1= 
10 Hz 
- 
1.3 
- 


I = 
1.0 kHz 
- 
0.6 
- 
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APPLICATIONS 
INFORMATION 
The MC33077 is designed primarily 
for its low noise, 


low offset voltage, 
high gain bandwidth 
product 
and 
large output swing characteristics. 
Its outstanding 
high 
frequency 
gain/phase 
performance 
make 
it a very 
attractive 
amplifier 
for high quality 
pre-amps, 
instru- 


mentation 
amps, active filters 
and other applications 
requiring 
precision quality characteristics. 
The MC33077 
utilizes 
high 
frequency 
lateral 
PNP 
input 
transistors 
in a low 
noise 
bipolar 
differential 
stage driving 
a compensated 
Miller integration 
ampli- 
fier. 
Dual-doublet 
frequency 
compensation 
tech- 


niques are used to enhance the gain bandwidth 
prod- 


uct. The output stage uses an all NPN transistor 
design 
which 
provides 
greater 
output 
voltage 
swing 
and 
improved 
frequency 
performance 
over more conven- 


tional 
stages by using both PNP and NPN transistors 
(Class AB). This combination 
produces 
an amplifier 
with superior 
characteristics. 


Through 
precision 
component 
matching 
and inno- 


vative current mirror design, a lower than normal tem- 
perature coefficient of input offset voltage (2.0 p'vrc as 
opposed to 10p.vrc), as well as low input offset voltage, 
is accomplished. 


The minimum 
common mode input range is from 1.5 
volts below the positive rail (VCC)to 1.5 volts above the 
negative 
rail (VEE). The inputs will typically 
common 
mode to within 
1.0 volt of both negative and positive 
rails though degradation 
in offset voltage and gain will 
be experienced 
as the common 
mode voltage 
nears 
either supply rail. In practice, though not recommended, 
the input voltage may exceed VCC by approximately 
30 
volts and decrease below the VEE rail by approximately 
0.6 volts 
without 
causing 
permanent 
damage 
to the 
device. If the input voltage on either or both inputs is 
less than 
approximately 
0.6 volts, 
excessive 
current 
may flow, if not limited, causing permanent damage to 
the device. 
The amplifier will not latch with input source currents 
up to 20 mA, though in practice, source currents should 
be limited 
to 5.0 mA so as to avoid 
any parametric 


damage to the device. If both inputs exceed VCC, the 
output will be in the high state and phase reversal may 
occur. No phase reversal will occur if the voltage on one 
input is within the common mode range and the voltage 
on the other input exceeds VCC' Phase reversal may 
occur if the input voltage on either or both inputs is less 
than 1.0 volt above the negative rail. Phase reversal will 
be experienced 
if the voltage on either or both inputs 
is less than VEE. 


Through the use of dual-doublet 
frequency 
compen- 


sation 
techniques, 
the 
gain bandwidth 
product 
has 
been greatly enhanced over other amplifiers 
using the 
conventional 
single pole compensation. 
The phase and 
gain error of the amplifier 
remains 
low to higher fre- 


quencies for fixed amplifier 
gain configurations. 


With the all NPN output stage, there is minimal swing 
loss to the 
supply 
rails, 
producing 
superior 
output 


swing, 
no crossover 
distortion 
and improved 
output 
phase symmetry 
with output voltage excursions. 
Out- 


put 
phase symmetry 
being 
the 
amplifiers 
ability 
to 
maintain 
a constant 
phase relation 
independent 
of its 
output voltage swing. Output phase symmetry 
degra- 


dation in the more conventional 
PNP and NPN transistor 


output stage was primarily 
due to the inherent cut-off 
frequency 
mismatch 
of the PNP and NPN transistors 
(typically 
10 MHz and 300 MHz respectively) 
used caus- 


ing considerable 
phase change to occur as the output 
voltage changes. By eliminating 
the PNP in the output, 


such phase change has been avoided and a very sig- 
nificant improvement 
in output phase symmetry 
as well 


as output swing has been accomplished. 


The output 
swing 
improvement 
is most 
noticeable 
when operation 
is with lower supply voltages (typically 
30% with ± 5.0 V supplies). With a 10 k load, the output 
of the amplifier 
can typically 
swing to within 
1.0 V of 
the positive rail (VCC),and to within 0.3 Vofthe 
negative 
rail (VEE), producing 
a 28.7 Vp_p signal from 
± 15 V 
supplies. Output voltage swing can be further improved 
by using an output 
pull-up 
resistor 
referenced to the 
VCC' Where output signals are referenced to the posi- 
tive supply rail, the pull-up resistor will pull the output 
to VCC during the positive swing and during the neg- 
ative swing, the NPN output transistor collector will pull 
the output very near VEE. This configuration 
will 
pro- 


duce the maximum 
attainable output signal from given 
supply 
voltages. 
The value 
of load 
resistance 
used 
should 
be much less than any feedback resistance so 
as to avoid excess loading and allow easy pull-up of the 
output. 


Output 
impedance 
of the amplifier 
is typically 
less 
than 50 ohms at frequencies 
less than the unity gain 
cross-over 
frequency 
(see Output 
Impedance 
versus 
Frequency curve). The amplifier 
is unity gain stable with 
output 
capacitance 
loads up to 500 pF at full output 
swing over the 
- 55'C to + 125'C temperature 
range. 
Output 
phase symmetry 
is excellent 
with 
typically 
4' 


total phase change over a 20 volt output 
excursion 
at 
25'C with a 2.0 kfl and 100 pF load. With a 2.0 kfl resis- 
tive load and no capacitance 
loading 
the total 
phase 
change is approximately 
one degree for the same 20 
volt output excursion. With a 2.0 kfl and 500 pF load at 
125'C the total phase change is typically 
only 10' for a 
20 volt output excursion (see Phase Margin versus Out- 
put Voltage curve). 


As with all amplifiers, 
care should be exercised so as 
to insure that one does not create a pole at the input of 
the amplifier 
which is near the closed loop corner fre- 


quency. This becomes a greater concern when 
using 
high frequency amplifiers 
since it is very easy to create 
such a pole with relatively small values of resistance on 
the inputs. If this does occur, the amplifiers 
phase will 


degrade 
severely 
causing 
the amplifier 
to become 
unstable. 
Effective 
source 
resistances, 
acting 
in con- 
junction 
with 
the input 
capacitance 
of the amplifier, 
should 
be kept to a minimum 
so as to avoid creating 
such a pole at the input (see Phase Margin 
and Gain 
Margin 
versus 
Differential 
Source 
Resistance curve). 
There is minimal 
effect on stability 
where the created 
input pole is much greater than the closed loop corner 
frequency. 
Where 
amplifier 
stability 
is affected 
as a 
result of a negative feedback resistor in conjunction 
with 
the amplifier's 
input capacitance, creating a pole near 
the closed loop corner frequency, 
lead capacitor com- 
pensation techniques (lead capacitor in parallel with the 
feedback resistor) can be employed to improve stability. 
The feedback resistor and lead capacitor RC time con- 
stant should be larger than that of the uncompensated 
input 
pole frequency. 
Having 
a high 
resistance 
con- 


nected to the non-inverting 
input of the amplifier 
can 
create a like instability 
problem. Compensation 
for this 
condition 
can be accomplished 
by adding a lead capac- 
itor in parallel with the non-inverting 
input resistor of 
such a value as to make the RC time constant 
larger 
than the RC time constant of the uncompensated 
input 
resistor acting in conjunction 
with the amplifiers 
input 
capacitance. 


For optimum 
frequency 
performance 
and stability 
careful 
component 
placement 
and printed 
circuit 
board layout should 
be exercised. 
For example, 
long 
unshielded 
input 
or 
output 
leads 
may 
result 
in 
unwanted 
input-output 
coupling. 
In order 
to reduce 
the input capacitance, 
the body of resistors connected 
to the 
input 
pins 
should 
be physically 
close to the 
input pins. This not only minimizes 
the input pole cre- 
ation for optimum 
frequency 
response, 
but also min- 


4.7 !J.F 


Voltage 
Gain I 


= 50,000 


= 


imizes extraneous 
signal "pickup" 
at this node. POlA(er 
supplies 
should 
be decoupled 
with 
adequate 
capaci- 
tance as close as possible 
to the device supply 
pin. 


In addition to amplifier 
stability considerations, 
input 
source resistance values should 
be low so as to take 
full advantage 
of the low noise characteristics 
of the 
amplifier. 
Thermal 
noise (Johnson 
noise) of a resistor 
is generated 
by thermally-charged 
carriers 
randomly 
moving within the resistor creating a voltage. The rms 
thermal 
noise voltage 
in a resistor 
can be calculated 
from: 


Enr = v'4kTR x BW 
where: 


k = Boltzmann's'constant 
(1.38 x 10-23 
jouleslK) 
T = Kelvin temperature 
R = Resistance in ohms 
BW = Upper and lower frequency 
limit in hertz. 
By way of reference, 
a 1.0 kfi resistor, 
at 25°C, will 
produce 4.0 nV/VHZ of rms noise voltage. 
If this resis- 
tor is connected to the input of the amplifier, 
the noise 
voltage 
will be gained up in accordance 
to the ampli- 


fiers gain configuration. 
For this reason the selection 
of input source resistance 
for low noise circuit 
appli- 
cations 
warrants 
serious 
consideration. 
The total 
noise of the amplifier, 
as referred to its inputs, is typ- 
ically only 4.4 nV/VHZ at 1.0 kHz. 


The output of anyone 
amplifier 
is current limited and 
thus protected from a direct short to ground. However, 
under such conditions, 
it is important 
to not allow the 
amplifier 
to exceed the maximum 
junction temperature 
rating. Typically for ± 15 volt supplies, anyone 
output 
can be shorted continuously 
to ground without 
exceed- 
ing the temperature 
rating. 


FIGURE 
36 - 
VOLTAGE 
NOISE 
TEST 
CIRCUIT 
(0.1 HZ-la-l0 HZp.pl 


Note: 
All capacitors 
are non-polarized. 


® MOTOROLA 


LOW NOISE 
OPERATIONAL AMPLIFIER 


The MC33078/9 
series is a family 
of high quality 
monolithic 
amplifiers 
employing 
Bipolar technology 
with 
innovative 
high- 
performance 
concepts for quality audio and data signal process- 


ing applications. 
This family 
incorporates 
the use of high fre- 
quency PNP input transistors to produce amplifiers 
exhibiting 
low 
input voltage 
noise with high gain bandwidth 
product 
and slew 
rate. The all NPN output 
stage exhibits 
no deadband 
crossover 


distortion, 
large output voltage swing, excellent 
phase and gain 
margins, 
low open-loop 
high frequency 
output 
impedance 
and 
symmetrical 
source and sink ac frequency 
performance. 


The MC33078/9 
family offers both dual and quad amplifier 
ver- 


sions, tested over the vehicular 
temperature 
range and available 
in the plastic DIP and SOIC packages (P and D suffixes). 


• 
Dual Supply Operation: 
± 18 V (Max) 


• 
Low Voltage Noise: 4.5 nV/VHz 


• 
Low Input Offset Voltage: 
0.15 mV 


• 
Low T.C. of Input Offset Voltage: 
2.0 J.LVrC 


• 
Low Total Harmonic 
Distortion: 
0.002% 


• 
High Gain Bandwidth 
Product: 
16 MHz 


• 
High Slew Rate: 7.0 V/J.Ls 


• 
High Open-Loop ac Gain: 800 @. 20 kHz 


• 
Excellent Frequency Stability 


• 
Large Output Voltage Swing: 
+ 14.1 V/-14.6 
V 


DUAUQUAD 
OPERATIONAL 
AMPLIFIERS 


•• 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-0S 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
7S1-02 
50-8 


Output 1 ' 


Inputs 
1 { : 


VEE 
• 


• 
VCC 


, 
Output 
2 


- 
:} 
Inputs 
2 


• 


1 
"# 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
7S1A-02 


50·14 


P SUF~IX 
PLASTIC 
PACKAGE 
CASE 
646-06 


Output 
1 , 


Inputs 
1 { : 


VCC' 


Inputs 
2 { : 


Output2 
, 


ORDERING 
INFORMATION 


Op 
Test 
Amp 
Temp. 


Function 
Device 
Range 
Package 


Dual 
MC33078D 
-40·C 
to 
50-8 
MC33078P 
+8S·C 
Plastic 
DIP 


Quad 
MC33079D 
-40·C 
to 
50·14 


MC33079P 
+8S·C 
Plastic 
DIP 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
(VCC to VEE) 
Vs 
+36 
Volts 


Input 
Differential 
Voltage 
Range 
VIOR 
INote 
1) 
Volts 


Input 
Voltage 
Range 
VIR 
INote 
11 
Volts 


Output 
Short-Circuit 
Duration 
(Note 
2) 
ts 
Indefinite 
Seconds 


Maximum 
Junction 
Temperature 
TJ 
+150 
'c 


Storage 
Temperature 
TStQ 
-60 
to 
+150 
'c 


Maximum 
Power 
Dissipation 
Po 
INote 
2) 
mW 


Notes: 


,. 
Either or both input voltages must not exceed the magnitude 
of VCC or VEE· 
2. Power dissipation 
must be considered 
to ensure maximum 
junction 
temperature 
(TJl is not 
exceeded (See power dissipation 
performance 
characteristic, 
Figure 11. 


3. Measured with VCC and Vee differentially 
varied simultaneously. 


Characteristics 
Symbol 
Min 
Typ 
Ma. 
Unit 


Input 
Offset 
Voltage 
(RS = 10 n, VCM = 0 V, Vo = 0 V) 
IVlol 
mV 
MC33078 
TA = 
+25'C 
- 
0.15 
2.0 


TA = 
-40'C 
to 
+85'C 
- 
- 
3.0 


MC33079 
TA = 
+25'C 
- 
0.15 
2.5 


TA = 
-40'C 
to 
+85'C 
- 
- 
3.5 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
.lVlo'·lT 
- 
2.0 
- 
/,V'C 


RS = 10 n, VCM = 0 V, Vo = 0 V, TA = Tlow 
to Thiah 


Input 
Bias Current 
(VCM = 0 V, Vo = 0 VI 
liB 
nA 


TA = 
+25'C 
- 
300 
750 


TA = 
-40'C 
to 
+85'C 
- 
- 
800 


Input 
Offset 
Current 
(VCM = 0 V, Vo = 0 VI 
110 
nA 
TA = 
+25'C 
- 
25 
150 


TA = 
-40'C 
to 
+85'C 
- 
- 
175 


Common 
Mode 
Input 
Voltage 
Range 
(<l.VIO = 5.0 mY, Vo = 0 V) 
VICR 
:on 
:014 
- 
V 


Large 
Signal 
Voltage 
Gain 
(VO = ± 10 V, RL = 2.0 kfli 
AVOL 
dB 
TA = 
+25'C 
90 
110 
- 
TA = 
-40'C 
to 
+85'C 
85 
- 
- 


Output 
Voltage 
Swing 
IVIO = ±1.0 
VI 
V 


RL = 600 n 
VO+ 
- 
10.7 
- 


RL = 600 n 
VO- 
- 
-11.9 
- 


RL = 2.0 kn 
VO+ 
13.2 
13.8 
- 
RL = 2.0 kn 
VO- 
- 


I 


- 13.7 
-13.2 


RL = 10 kn 
VO+ 
13.5 
14.1 
- 


RL = 10 kn 
VO- 
- 
-14.6 
-14 


Common 
Mode 
Rejection 
(Vin = 
± 13 VI 
CMR 
80 
100 
- 
dB 


Power 
Supply 
Rejection 
(Note 
3) 
PSR 
80 
105 
- 
dB 
VCCNEE 
= +15V/-15Vto 
+5.0V/-5.0V 


Output 
Short 
Circuit 
Current 
(VIO = 1.0 V, Output 
to Ground) 
ISC 
mA 
Source 
+15 
+29 
- 


Sink 
-20 
-37 
- 


Power 
Supply 
Current 
(VO = 0 V, All Amplifiers) 
10 
mA 
MC33078 
TA = +25'C 
- 
4.1 
5.0 
TA = -40'C 
to 
+85'C 
- 
- 
5.5 


MC33079 
TA = 
+25'C 
- 
8.4 
10 
TA = 
-40'C 
to 
+85'C 
- 
- 
11 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Slew 
Rate 
IVin 
= ~ 10 V to 
+ 10 V, RL = 2.0 kn, 
CL = 100 pF, AV 
= 
+ 1.0) 
SR 
5.0 
7.0 
- 
V/p.s 


Gain 
BAndwidth 
Product 
II ~ 100 kHz) 
GBW 
10 
16 
- 
MHz 


Unity 
Gain 
Frequency 
IOpen-Loop) 
IU 
- 
9.0 
- 
MHz 


Gain 
Margin 
IRL 
~ 2.0 kfl) 
CL ~ a pF 
Am 
- 
-11 
- 
dB 


CL = 100 pF 
- 
-6.0 
- 


Phase 
Margin 
IRL 
~ 2.0 kll) 
CL ~ a pF 
<Pm 
- 
55 
- 
Deg 


CL = lOa pF 
- 
40 
- 


Channel 
Separation 
II ~ 20 Hz to 20 kHz) 
CS 
- 
-120 
- 
dB 


Power 
Bandwidth 
(Va 
~ 27 Vo-o, 
RL ~ 2.0 kn, 
THO"" 
1.0%) 
BWp 
- 
120 
- 
kHz 


Distortion 
(RL 
~ 2.0 kn, 
I = 20 Hz to 20 kHz, Va 
= 3.0 Vrms, 
AV 
~ 
+ 1.0) 
THO 
- 
0.002 
- 
% 


Open-Loop 
Output 
Impedance 
(Va 
= a V, I = 9.0 MHz) 
Ilol 
- 
37 
- 
n 


Differential 
Input 
Resistance 
(VCM 
= a VI 
RIN 
- 
175 
- 
kn 


Differential 
Input 
Capacitance 
IVCM 
= a V) 
CIN 
- 
12 
- 
pF 


Equivalent 
Input 
Noise 
Voltage 
IRS = 100 n, I = 1.0 kHz) 
en 
- 
4.5 
- 
nV/VHz 


Equivalent 
Input 
Noise 
Current 
(f ::: 1.0 kHz) 
in 
- 
0.5 
- 
pAlVHz 


o 
-55 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 
160 
TA' AMBIENTTEMPERATUREiOCI 


FIGURE 
3 - 
INPUT 
BIAS CURRENT 
versus 
TEMPERATURE 
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FIGURE 
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BIAS CURRENT 
versus 
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VOLTAGE 


800 


10 
15 


VCC,IVEEi,SUPPLYVOLTAGEIVOLTS) 


+2.0 
VCC = +15V 
VEE = -15V 
UNIT 1 


:> 
RS ~ 10n 
.s 


+1.0 
VCM ~ OV 
w 
AV = + 1.0 
'"«~ 


UNIT2 
0> 
>- 
w 
!f 
0 
>-~ 
'" 
-1.0 
6 
:> 


-2.0 


-55 
-25 
0 
25 
50 
75 
115 
TA,AMBIENTTEMPERATURE1"C) 


600 


1 


500 


I- 
~ 400 
'" 
:::>u~ JOO 
a; 
I-~ 200 
~~ 
100 


I 
I, - 
VCC ~ 
+15V 
VEE = -15V - 
TA = 15°C 
e-- 


•.....••. 


.......• 


.••..... .••..... --- 


~ 
VCC-O 
!,; 
;:;; VCC -05 
'"z 
~ 
VCC -1.0 


'"~ 
VCC -15 
o>g 


~ 
VEE +1.5 
o 


""8 VEE +1.0 


~ 
VEE +0.5 
~ 
(5 
VEE +0 


"> 
- 55 


R'lse 
~ -- 


I 
I 
I 


VCM 


I 


AGURE 
7 - 
OUTPUT 
SATURATION 
VOLTAGE 
versus 


LOAD 
RESISTANCE 
TO GROUND 


in 
;< 
~ VCC -1.0 
oS 
0 
I- 
~ 
VCC ~ 
+15V 
i 
w 
'" 
VCC - 3.0 
VEE = -I5V 
~ 
25°C 
:::>u 
0 
I- 


> 
'5 
z 
VCC -5.0 
~ 
0 
u 
~ 
I- 
'" 
:::> 
VEE + 5.0 
0 
~ 
Bi 
l- 


I- 
:::> 


:::> 
VEE + 3.0 
~ 
~ 
:::> 
:::> 
0 
0 
] 
$ VEE + 1.0 


1.0 
1.0 
3.0 
4.0 
Rl. lOAD RESISTANCETO GROUND Iknl 


FIGURE 
9 - 
SUPPLY 
CURRENT 
versus 
TEMPERATURE 


10 


;< 8.0 
oS 
l-i 6.0 


:::>u 
":; 
It 
4.0 


iilII 
2.0 


I 
VCM ~ 0 V 


+15V 
/"'10V 
Rl = 
:x:: 


Vo 
OV 


+5.0V 


Mc33079 
'f 
,- 


+ 15V 
/",10V 
~C33078_ 


+5.0V 


Supply l0lt'ses 


I I r 
-- 
__ 
S~ 
VCC~+I5V- 
VEE ~ 
-15V 


..•.•.... 
Rl < 100 II 
- 


r--.... 
VID ~ 1.0 V 


Source 


•.•...•.....••. 
- 
-i-- .••..... 


..•.•.... 


..•.•.... 


~ 


160 


~ 140 
z0 


~ 


110 


~ 100 
0 


"" 
80 
z0 


"" 
"" 
60 
8 
",' 


""u 


:'VCM~.lVO 


CMR ~ 10log (~ 
x ADM) 
:'VO 


III 


140 


;;;- 
120 
:s!z0 
>= 100 
~ 
80 
~~ 
60 


<r 
~ 
40 


:r" 
20 


~~ 
>- 


~ 
15 


ogo 
Ib 
~ 
10 
z~ 
z« 
'-" 5.0 
~ 
'-" 


~ 
<I: 
20 
~ 
0> 
>- 
15 
~ 
=> 
0 
10 
0 
> 


5.0 


0 


10 


+ PSR ~ 
20Log ('~VQAOM) 
- PSR = 20Lo 
(:'VOAOM) 
F F 
I!.VCC 
9 
:'VEE 
i+ll 


~ 


I'- 
+PSR 
" 
Ao 
:'VO 
I 
. 


VEE 
i 


PSR 
I 
I' 


VCC = 
+15V 
VEE ~ 
-15V 
1--[ 
~ 250C 


1f 
I 1111111 
I 


~ 
10 


~ 
5.0 


§? 
>- 
~6 -5.0 


$J -10 


30 


~~ 
>-u 
=> 
<:> 
<:> 
20 
go 
I>- 
<:> 
~z~ 10 
z 
;;: 
'-"~ 
'-" 


"} 
RL = 10kO_ 
CL=OpF 
_ 


f ~ 
100 kHz 
TA ~ 25°C 
- 


1/ 


10 
15 


VCC.IVEEI. SUPPLY VOLTAGE(VOLTSI 


Vcc = 
+ 15 V 


VEE ~ 
-15 
V 


f ~ 
100 kHz 


RL = 10 kll 


CL = 0 pF 


-25 
0 
25 
50 
75 


TA. AMBIENT TEMPERATURElOCI 


FIGURE 
15 - 
OUTPUT 
VOLTAGE 
versus 
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FIGURE 25 - 
OPEN-LOOP 
GAIN MARGIN AND 
PHASE MARGIN versus 
LOAD CAPACITANCE 
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lOW 
POWER, SINGLE SUPPLY 
OPERATIONAL AMPLIFIERS 


Quality bipolar fabrication 
with innovative 
design concepts are 
employed 
for the MC3317112/4, MC35171/2/4 series of monolithic 
operational 
amplifiers. 
This series of operational 
amplifiers 
oper- 


ates at 180 JJA per amplifier 
and offers 1.8 MHz of gain bandwidth 
product 
and 2.1 V/p.s slew rate without 
the use of JFET device 
technology. 
Although 
this series can be operated from split sup- 
plies, it is particularly 
suited for single supply operation, 
since the 
common 
mode 
input 
voltage 
range includes 
ground 
potential 
(VEE). With a Darlington 
input stage, this series exhibits high input 
resistance, 
low input offset voltage 
and high gain. The all NPN 
output 
stage, characterized 
by no deadband crossover 
distortion 
and large output voltage 
swing, provides 
high capacitance drive 
capability, 
excellent phase and gain margins, low open-loop 
high 
frequency 
output impedance and symmetrical 
source/sink AC fre- 


quency 
response. 


The MC33171/214, MC35171/2/4 series of devices are specified 
over the industrial/vehicular 
or military 
temperature 
ranges. The 
complete 
series of single, dual and quad operational 
amplifiers 
are available 
in the plastic and ceramic 
DIP as well as the SOIC 
surface mount packages. 


e Low Supply Current: 
180 p.A (Per Amplifier) 


e Wide Supply Operating 
Range: 
+3.0 V to +44 V or ± 1.5 V 
to ±22 
V 


e Wide Input Common 
Mode Range Including 
Ground (VEE) 


e Wide Bandwidth: 
1.8 MHz 


e High Slew Rate: 2.1 V/p.s 


e Low Input Offset Voltage: 
2.0 mV 


e Large Output Voltage SWing: 
-14.2 
V to + 14.2 V 


(with 
+/-15 
V Suppliesl 


e Large Capacitance Drive Capability: 
0 to 500 pF 


e Low Total Harmonic 
Distortion: 
0.03% 


e Excellent Phase Margin: 
60' 


e Excellent Gain Margin: 
15 dB 


e Output Short Circuit Protection 


OpAmp 
Device 
Tempereture 
Packege 
Function 
Range 


Single 
MC33171D 
-40 
to 
+85'C 
SO·8 Plastic 
DIP 
MC35171U 
-55 
to 
+ 125'C 
Ceramic 
DIP 
MC33171P 
-40 
to 
+85'C 
Plastic 
DIP 


Dual 
MC33172D 
-40 
to 
+85'C 
SO-8 Plastic 
DIP 
MC35172U 
-55to 
+125'C 
Ceramic 
DIP 
MC33172P 
-40 
to 
+85'C 
Plastic 
DIP 


Quad 
MC33174D 
-40 
to 
+85'C 
SO·14 
Plastic 
DIP 
MC35174L 
-55 
to 
+ 125'C 
Ceramic 
DIP 
MC33174P 
-40 
to 
+85'C 
Plastic 
DIP 


MC33171, MC35171 
MC33172, MC35172 
MC33174, MC35174 


LOW POWER, SINGLE SUPPLY 
OPERATIONAL 
AMPLIFIERS 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


U SUFFIX 
CERAMIC 
PACKAGE 


CASE 
693-02 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 


SO-8 


PIN ASSIGNMENTS 


Offset 
Nullii3' NC 
Invt 
Input, 
- 
7 
VCC 


Noninvt 
Input 
J. 
6 
Output 


VEE 
• 
, 
Offset 
Null 


Single, 
Top 
View 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 632-08 


DSUFAX 
PLASTIC 
PACKAGE 
CASE 751A-02 
SO-14 


Output 
1 
, 


{,- 


Inputs 
1 
" 


, 
Output 
4 


- " 
} Inputs 
4 


III 


II 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCCNEE 
±22 
Volts 


Input 
Differential 
Voltage 
Range 
VI DR 
(Note 
1) 
Volts 


Input 
Voltage 
Range 
VIR 
(Note 
1) 
Volts 


Output 
Short 
Circuit 
Duration 
(Note 
21 
ts 
Indefinite 
Seconds 


Operating 
Ambient 
Temperature 
Range 
TA 
·C 


MC35171/MC351721MC35174 
- 55 to 
+ 125 
MC33171/MC33172/MC33174 
-40 
to 
+85 


Operating 
Junction 
Temperature 
TJ 
+150 
·C 


Storage 
Temperature 
Range 
Tstg 
·C 


Ceramic 
Package 
-65 
to 
+ 150 
Plastic 
Package 
-55 
to 
+125 


Inputs 


+ 


DC ELECTRICAL CHARACTERISTICS 
(VCC = 
+ 1S V, VEE = - 1S V, RL connected 
to ground, 
TA 
= Tlow 
to Thigh 
[Note 
31 


unless otherwise 
noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(VCM = 0 V) 
VIO 
mV 


VCC 
= 
+1SV,VEE 
= 
-1SV,TA 
= 
+2SoC 
- 
2.0 
4.S 


VCC = 
+S 
V, VEE 
= 0 V, TA 
= 
+2SoC 
- 
2.S 
S.O 


VCC 
= 
+ 1S V, VEE 
= 
- 1S V, TA 
= Tlow 
to Thigh 
- 
- 
6.S 


Average 
Temperature 
Coefficient 
of Offset 
Voltage 
il.VIO/il.T 
- 
10 
- 
IJ-vrc 


Input 
Bias Current 
(VCM 
= 0 VI 
liB 
nA 
TA 
= 
+2SoC 
- 
20 
100 


TA = Tlow 
to Thigh 
- 
- 
200 


Input 
Offset 
Current 
(VCM 
= 0 V) 
110 
nA 
TA = 
+2SoC 
- 
S.O 
20 


TA 
= Tlow 
to Thigh 
- 
- 
40 


Large 
Signal 
Voltage 
Gain 
(VO = 
±10V, 
RL = 10k) 
AVOL 
V/mV 
TA 
= 
+2SoC 
SO 
SOO 
- 


T A = Tlow 
to Thigh 
2S 
- 
- 


Output 
Voltage 
Swing 
VOH 
V 


VCC = 
+s.o 
V, VEE = 0 V, RL = 
10 k, TA 
= 
+2SoC 
3.S 
4.3 
- 


VCC 
= 
+1S 
V, VEE 
= 
-1S 
V, RL = 
10 k, TA = 
+2SoC 
13.6 
14.2 
- 
VCC = 
+ 1S V, VEE = 
-1S 
V, RL = 
10 k, TA 
= Tlow 
to Thigh 
13.3 
- 
- 


VCC 
= 
+S.O V, VEE = 0 V, RL = 10 k, TA = 
+2SoC 
VOL 
- 
O.OS 
0.1S 


VCC 
= 
+1SV,VEE 
= 
-1SV,RL 
= 
10k,TA 
= 
+2SoC 
- 
-14.2 
-13.6 


VCC 
= 
+1.SV,VEE 
= 
-1SV,RL 
= 10k,TA 
= TlowtoThigh 
- 
- 
- 13.3 


Output 
Short 
Circuit 
Current 
(T A = 
+ 2soCI 
ISC 
mA 
Input 
Overdrive 
= 1.0 V, Output 
to Ground 
Source 
3.0 
S.O 
- 
Sink 
1S 
27 
- 


Input 
Common 
Mode 
Voltage 
Range 
VICR 
V 
TA 
= 
+2SoC 
VEE to (VCC 
-1.81 


TA = Tlow 
to Thigh 
VEE to (VCC 
- 
2.2) 


Common 
Mode 
Rejection 
Ratio 
(RS '" 
10 kl 
CMRR 
80 
90 
- 
dB 


Power 
Supply 
Rejection 
Ratio 
(RS = 100 m 
PSRR 
80 
100 
- 
dB 


Power 
Supply 
Current 
(Per Amplifier) 
ID 
!J.A 


VCC 
= 
+s.o 
V, VEE 
= 0 V, TA 
= 
+2SoC 
- 
180 
2S0 


VCC = 
+1SV, 
VEE = 
-1SV, 
TA = 
+2SoC 
- 
220 
2S0 


VCC 
= 
+1SV, 
VEE 
= 
-1SV, 
TA 
= TlowtoThigh 
- 
- 
300 


Notes: (continued) 
3. Tlow 
~ 
- 55"C for MC351711MC351721MC35174 


= - oo"C for MC3317l1MC33172IMC33174 


E 


fI 


AC ELECTRICAL 
CHARACTERISTICS 
(VCC = 
+15 
V, VEE = 
-15 
V, RL connected 
to ground, 
TA = 
+ 25°C unless 
otherwise 


noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Slew 
Rate (Vin = 
-10Vto 
+10V,RL 
= 10k,CL 
~ 
100pF) 
SR 
V/p.s 


AV 
+ 
1 
1.6 
2.1 
- 


AV 
- 
1 
- 
2.1 
- 


Gain 
Bandwidth 
Product 
(I = 
100 kHz) 
GBW 
1.4 
1.8 
- 
MHz 


Power 
Bandwidth 
BWp 
- 
35 
- 
kHz 


AV 
= 
+ 1.0, RL = 
10 k, Vo 
= 20 Vp_p, THD = 5% 


Phase 
Margin 
<l>m 
Degrees 


RL ~ 
10 k 
- 
60 
- 


RL = 
10k, 
CL = 
100 pF 
- 
45 


Gain 
Margin 
Am 
dB 


RL = 
10 k 
- 
15 
- 


RL = 10 k, CL = 
100 pF 
- 
5.0 
- 


Equivalent 
Input 
Noise 
Voltage 
en 
- 
32 
- 
nVI 


RS = 
100 ll, 
I = 
1.0 kHz 
v'Hz 


Equivalent 
Input 
Noise 
Current 
(f = 1.0 kHz) 
In 
- 
0.2 
- 
pAl 
v'Hz 


Differential 
Input 
Resistance 
RIN 
- 
300 
- 
Mn 


VCM 
= 0 V 


Input 
Capacitance 
Ci 
- 
0.8 
- 
pF 


Total 
Harmonic 
Distortion 
THD 
- 
0.03 
- 
% 


AV = 
+ 10, RL = 
10 k, 2.0 Vp_p " 
Vo 
" 
20 Vp_p, I = 
10 kHz 


Channel 
Separation 
(I = 
10kHz) 
- 
- 
120 
- 
dB 


Open-Loop 
Output 
Impedance 
II = 
1.0 MHz) 
Zo 
- 
100 
- 
n 


VCC- "VCcNEE 
= +/-1.5 
Vto +/-11 
V 


.lVIO = 5.0 mV - 
-- 
- 


VEE- .,. 


~ 
w 


~ 
-1.0 
>zo 
~ 
::> 
~ 
~6 +1.0 
$ 


VCC~. 
I 
I 
I 


VCcNEE = 
+/-5.0Vto 
+/-11V 


TA = 15°C 


Source· 
--- 


Sink 


./- 
/ 
VEE- ••• 


~ 
w 
'" 
Z~ -0.8 
w~ 
~ -1.6 
> 
8 
~ -14 
o 
::E 
::Eo 
~ 
+0.1 
2~5 
0 
;> 
-55 
1.0 
1.0 
3.0 


IL, LOAD CURRENT 
I ± mAl 


,..•..... 
I II 
-.... 
'd'1-. 
I II 


........... 
1{ " 
~aln I- 
I 


'" 


Phase, 
~ 
~argin 
~ 
Margin 


VCCNEE = 
+/-15V 


~2 
- 
= 15 dB 
1 


RL ~ 10 k 
\ 


Vout=OV 
l~ 
~ 


1 


TA ~ 25°C 
3 


1- 
Phase 
II 


2 - 
Phase, CL = 100 pf 
~I 
3-Gain 
I 
\ 
4 - 
Gain, CL ~ 100 pf 
I~ 


~ 
z 
20 
« 
co 
~ 
10 


~~~ 
~ 
~ 
-10 
o 


~ -20 
« 


1.0 M 


f. fREQUENCY (Hz) 


KC~EEI 
= 1}~115~ 


<l>mr-f-.. 
/ 


AVOL = 
+1.0 
RL = 10 k 


<: 


IlVo = 20 mVp.p 
TA ~ 25°C 
'\ 
V 
\ 
%V 
V 
\ 


50 
100 
200 


CL, LOAOCAPACITANCEIpfl 


FIGURE 
6 - 
SMALL 
AND 
LARGE SIGNAL 
TRANSIENT 
RESPONSE 


0.50 I'5!DIV 


1.2 
VCCNEE = 
+/-15V 
> 


8 


RL ~ 10 k 
~ 
~ 
E ° 
::; 
1.1 
« 
0 
~ 
'" 
0 
1.0 
VCCNEE = 
+/-15V 
~ 
VCM ~ ° V 
='" 
Vo = °V 
0z 
0.9 
Illo ~ 
,"0.5mA 
« 
~ 


TA ~ 25°C 


co 
0.8 
> 
15 0 
:> 
0.7 
~ 
-55 
-25 
0 
25 
50 
75 
100 
125 


TA' AMBIENTTEMPERATURElOCI 


~ 
~ 
100 
z 
C3 
80 
~ 
'3 60 
5o 


« 
E 


~a 
~ 
0.7 


=>'"ffi 
0.5 


~ 
<) 
S' 
0.3 
.9 


APPLICATIONS INFORMATION 
CIRCUIT DESCRIPTION/PERFORMANCE FEATURES 


Although 
the bandwidth, 
slew rate, and settling time 
of the MC33171/72n4 
amplifier 
family 
is similar to low 
power 
op amp 
products 
utilizing 
JFET input 
devices, 
these amplifiers 
offer additional 
advantages as a result 
of the PNP transistor 
differential 
inputs and an all NPN 
transistor 
output stage. 
Because the input common mode voltage range of this 
input stage includes the VEE potential, single supply op- 
eration is feasible to as low as 3.0 volts with the common 
mode input voltage at ground potential. 


The input stage also allows differential 
input voltages 
up to :t44 volts, provided 
the maximum 
input voltage 
range is not exceeded. 
Specifically, 
the input voltages 
must range between 
VCC and VEE supply voltages 
as 
shown by the maximum 
rating table. In practice, although 
not recommended, 
the input voltages can exceed the VCC 
voltage 
by approximately 
3.0 volts and decrease below 
the VEE voltage 
by 0.3 volts 
without 
causing 
product 
damage, although output phase reversal may occur. It is 
also possible to source up to 5.0 mA of current from VEE 
through 
either input's 
clamping 
diode without 
damage 
or latching, but phase reversal may again occur. If at least 
one input 
is within 
the common 
mode 
input 
voltage 
range and the other input is within 
the maximum 
input 
voltage range, no phase reversal will occur. If both inputs 
exceed the upper common 
mode input voltage limit, the 
output will be forced to its lowest voltage state. 
Since the input capacitance associated with the small 
geometry 
input device is substantially 
lower (0.8 pF) than 
that of a typical JFET (3.0 pFl. the frequency response for 
a given input source resistance is greatly enhanced. This 
becomes evident in O-to-A current to voltage conversion 
applications 
where the feedback resistance can form 
a 
pole with the input capacitance of the op amp. This input 
pole creates a 2nd order system with the single pole op 
amp and is therefore 
detrimental 
to its settling time. In 
this context, 
lower input capacitance is desirable espe- 
cially for higher 
values of feedback resistances (lower 
current OAC's). This input pole can be compensated 
for 
by creating a feedback zero with a capacitance across the 
feedback 
resistance, 
if necessary, to reduce overshoot. 


For 10 kO offeedback 
resistance, the MC33171/72174fam- 
ily can typically 
settle to within 
1/2 LSB of 8 bits in 4.2 
p.s, and within 
1/2 LSB of 12 bits in 4.8 p.s for a 10 volt 
step. In a standard inverting 
unity gain fast settling con- 
figuration, 
the symmetrical 
slew rate is typically 
:t 2.1 
volts/p.s. In the classic non inverting 
unity gain configu- 
ration 
the typical 
output 
positive 
slew rate is also 2.1 
volts/p.s, and the corresponding 
negative slew rate will 
usually exceed the positive slew rate as a function of the 
fall time of the input waveform. 
The all NPN output stage, shown in its basic form on 
the equivalent 
circuit 
schematic, 
offers 
unique 
advan- 
tages over the more conventional 
NPN/PNP transistor 
Class AB output stage. A 10 kO load resistance can typ- 
ically swing within 
0.8 volt of the positive rail (VCc) and 
negative rail (VEE), providing a 28.4 Vp-p swing from 
:t 15 
volt supplies. This large output swing becomes most no- 
ticeable at lower supply voltages. 


The positive swing is limited by the saturation voltage 
of the current source transistor 
Q7, the VBE of the NPN 
pull up transistor 
Q17, and the voltage drop associated 
with the short circuit resistance, R5. For sink currents less 
than 0.4 mA, the negative swing is limited 
by the satu- 
ration voltage 
of the pull-down 
transistor 
Q15, and the 
voltage 
drop across R4 and R5. For small valued sink 
currents, the above voltage drops are negligible, allowing 
the negative swing voltage to approach within 
millivolts 


of VEE. For sink currents (> 0.4 mAl, diode 03 clamps 
the voltage across R4. Thus the negative swing is limited 
by the saturation 
voltage of Q15, plus the forward 
diode 
drop of 03 (=VEE + 1.0 V). Therefore an unprecedented 
peak-to-peak output voltage swing is possible for a given 
supply 
voltage 
as indicated 
by the 
output 
swing 
specifications. 
If the load resistance is referenced to VCC instead of 
ground for single supply applications, the maximum 
pos- 
sible output 
swing can be achieved for a given supply 
voltage. 
For light load currents, the load resistance will 
pull the output to VCC during the positive swing and the 
output will pull the load resistance near ground 
during 
the negative swing. The load resistance value should be 
much less than that of the feedback resistance to maxi- 
mize pull up capability. 


Because the PNP output emitter follower transistor has 
been eliminated, 
the MC33171172/74 family 
offers a 15 
mA minimum 
current sink capability, typically to an out- 
put voltge of (VEE + 1.8 V). In single supply applications 
the output can directly source or sink base current from 
a common emitter NPN transistor for high current switch- 
ing applications. 


In addition, the all NPN transistor output stage is inher- 
ently faster than PNP types, contributing 
to the bipolar 
amplifier's 
improved gain bandwidth 
products. The asso- 
ciated high frequency 
low output impedance (200 0 typ 


(ii 1.0 MHz) allows capacitive drive capability 
from 0 to 
400 pF without 
oscillation 
in the non inverting 
unity gain 
configuration. 
The 60' phase margin and 15 dB gain mar- 
gin as well as the general gain and phase characteristics 
are virtually 
independent 
of the source/sink output swing 
conditions. 
This allows easier system phase compensa- 
tion, since output swing will not be a phase consideration. 
The ac characteristics 
of the MC33171n2/74 family 
also 
allow excellent active filter capability, 
especially for low 
voltage single supply applications. 
Although 
the single supply specification 
is defined at 
5.0 volts, these amplifiers 
are functional 
to at least 3.0 
volts@ 25'C. However slight changes in parametrics such 
as bandwidth, 
slew rate, and dc gain may occur. 


If power to this integrated circuit is applied in reverse 
polarity 
or if the IC is installed 
backwards 
in a socket, 


large unlimited 
current surges will occur through the de- 


vice that may result in device destruction. 


As usual with most high frequency 
amplifiers, 
proper 
lead dress, component 
placement 
and PC board layout 
should 
be exercised 
for optimum 
frequency 
perfor- 
mance. For example, 
long unshielded 
input or output 
leads may result in unwanted 
input output coupling. 
In 
order to preserve 
the relatively 
low input 
capacitance 
associated with these amplifiers, 
resistors connected to 
the inputs should 
be immediately 
adjacent to the input 
pin to minimize 
additional 
stray input capacitance. This 
not only minimizes the input pole for optimum frequency 
response, but also minimizes extraneous "pick up" at this 
node. 
Supply 
decoupling 
with 
adequate 
capacitance 
immediately 
adjacent to the supply pin is also important, 
particularly 
over 
temperature, 
since 
many 
types 
of 
decoupling 
capacitors exhibit great impedance changes 
over temperature. 


The output of anyone 
amplifier 
is current limited and 
thus protected 
from a direct short to ground. However, 


under such conditions, 
it is important 
not to allow the 
device to exceed the maximum junction temperature 
rat- 
ing. Typically 
for 
:t 15 volt supplies, anyone 
output can 
be shorted continuously 
to ground without exceeding the 
maximum 
temperature 
rating. 


Vcc 
~ 


Va 
0 
~ 
3.6 Vp-p 


cr 


aV;:' 


100 k 
~ 
I 


RL 


FIGURE 
11 
C COUPLED 
INVERTING 
AMPLIFIER 
UM 
OUTPUT 
SWING 
WITH 
SINGLE 
+5.0 V SUPPLY 


r 
lOOk 
1r 
10k 


Vcc 
10 ~ 30 kHz 


Q = 10 
Ha = 1.0 
10 = 1.0 kHz 
1 
10 = 4",RC 
Given fa = Center Frequency 


AO = Gain at Center Frequency 


Choose Value fo• a. Ao. C 


Then 
For less than 10% error from operational amplifier 
Where fo and GBW are expressed in Hz. 


(t5J MOTOROLA 


LOW INPUT OFFSET. HIGH SLEW RATE. 
WIDE BANDWIDTH, 
JFET INPUT 
OPERATIONAL AMPLIFIERS 


The MC33282,4 series of monolithic 
operational 
amplifiers 
are 
quality 
fabricated 
with 
innovative 
Bipolar 
and JFET design 
con- 


cepts. 
This 
dual 
and quad 
operational 
amplifier 
series 
incor- 


porates 
JFET inputs 
along with 
a patented 
unique 
resistor 
trim 
element 
for 
input 
offset 
voltage 
reduction. 
The 
MC33282,4 
series 
of operational 
amplifiers 
exhibits 
low 
input 
offset 
volt- 
age, low input 
bias current, 
high gain bandwidth 
and high slew 
rate. Dual-doublet 
frequency 
compensation 
is incorporated 
to 
produce 
high quality 
phase/gain 
performance. 
In addition, 
the 
MC33282,4 
series exhibits 
moderately 
low input 
noise charac- 
teristics 
for 
JFET input 
amplifiers. 
It's 
all 
NPN output 
stage 
exhibits 
no dead band crossover 
distortion, 
large output 
voltage 
swing, 
excellent 
phase 
and gain 
margin, 
low 
open-loop 
high 
frequency 
output 
impedance 
with 
symmetrical 
source 
and sink 
ac frequency 
performance. 


The MC33282,4 series is specified 
over 
-40'C 
to +85'C 
and is 
available 
in the plastic 
DIP and SOIC surface mount 
packages IP 
and D suffixes). 


• 
Low Input Offset Voltage: 
200 JJ.V 


• 
Low Input Bias Current: 
30 pA 


• 
Low Input Offset Current: 
6.0 pA 


• 
Low Total Harmonic 
Distortion: 
0.003% 


• 
Low Noise: 
18 nV/\ 
Hz @ 1.0 kHz 


• 
High Gain Bandwidth 
Product: 
30 MHz @ 100 kHz 


• 
High Slew Rate: 12 V/JJ.s 


• 
Excellent 
Frequency 
Stability 


• 
Large Output Voltage 
Swing: 
+14.1 V/-14.6V 


• 
Dual Supply 
Operation: 
± 18 V (Max) 


ORDERING INFORMATION 


Op Amp 
Ambient Test 
Function 
Device 
Temperature 
Range 
Package 


Dual 
MC33282D 
-40'C to +85'C 
50-8 
MC33282P 
Plastic DIP 


Quad 
MC33284D 
- 40'C to + 85'C 
50-14 
MC33284P 
Plastic DIP 


JFET 
OPERATIONAL 
AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


.~ 


1 


P SUFFIX 
PLASTICPACKAGE 


CASE626-05 


D SUFFIX 
PLASTICPACKAGE 
CASE751·02 
50-8 


Output 1 ' 


Inputs 1 { : 


VEE • 


• VCC 
, Output 2 


'. 


1 


P SUFFIX 
PLASTICPACKAGE 


CASE646-06 


D SUFFIX 
PLASTICPACKAGE 
CASE751A-02 


50-14 


Output 
1 , 
•• Output 4 


Inputs 
1 { : 
"J Inputs 4 
" 


VCC • 
" VEE 


Inputs 
2 { : 
.oj 
• 
Inputs 3 


Output 2 , 
• Output 3 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
(VCC to VEE) 
Vs 
+36 
Volts 


Input 
Differential 
Voltage 
Range 
VIDR 
(Note 
1) 
Volts 


Input 
Voltage 
Range 
VIR 
INote 
11 
Volts 


Output 
Short 
Circuit 
Duration 
INote 
2) 
ts 
Indefinite 
Seconds 


Maximum 
Junction 
Temperature 
TJ 
+1S0 
'c 


Storage 
Temperature 
Tsto 
-60 
to 
+1S0 
'c 


Maximum 
Power 
Dissipation 
Po 
(Note 
2) 
mW 


NOTES: 


,. 
Either 
or both 
input 
voltages 
should 
not 
exceed 
VCC 
or VEE· 


2. 
Power 
dissipation 
must 
be considered 
to ensure 
maximum 
junction 
temperature 
(T Jl 
is not 


exceeded. 


04 


+ 


R16 


09 
018 


J, 
Cs 
C6 
Os 
R17 


A 
B 
C 
0 
I 
I 
I 
I 
, 
I 


Z, 
RS 
R12 
R,S 
R4 
R8 


R1 
C2 


R13 


VEE 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS = 10 il, 
VCM = 0 V, Va = 0 V) 
IVlol 
mV 


TA = 
+25'C 
- 
0.2 
2.0 


TA = 
-40'C 
to 
+85'C 
- 
- 
4.0 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
<l.VloJ<l.T 
- 
5.0 
- 
p.Vf'C 


RS = 10 il, 
VCM = 0 V, Va = 0 V, TA = Tlow 
to Thiah 


Input 
Bias Current 
(VCM = 0 V, Va = 0 VI 
liB 
TA = 
+25'C 
- 
30 
100 
pA 


TA = 
-40'Cto 
+85'C 
- 
- 
4.0 
nA 


Input 
Offset 
Current 
(VCM = 0 V, Va = 0 VI 
1\0 


TA = 
+ 25'C 
- 
6.0 
50 
pA 


TA = 
-40'C 
to 
+85'C 
- 
- 
2.0 
nA 


Common 
Mode 
Input 
Voltage 
Range 
(<l.VIO = 5.0 mV, Va = 0 V) 
VICR 
-11 
-12 
- 
V 
- 
14 
11 


Large 
Signal 
Voltage 
Gain (Va = 
± 10 V, RL = 2.0 kill 
AVOL 
V/mV 


TA = 
+25'C 
50 
200 
- 


TA = 
-40'C 
to 
+85'C 
25 
- 
- 


Output 
Voltage 
Swing 
IVID = 
±1.0 
V) 
V 


RL = 2.0 kil 
VO+ 
13.2 
13.7 
- 


RL = 2.0 kil 
VO- 
- 
-13.9 
-13.2 


RL = 10 kil 
VO+ 
13.5 
14.1 
- 


RL = 10 kil 
VO- 
- 
-14.6 
-14 


Common 
Mode 
Rejection 
(Vin = 
±11 
V) 
CMR 
75 
95 
- 
dB 


Power 
Supply 
Rejection 
(Note 
3) 
PSR 
75 
105 
- 
dB 


VCCNEE 
= 
+15V/-15Vto 
+5.0V/-5.0V 


Output 
Short 
Circuit 
Current 
(VID = 1.0 V, Output 
to Ground) 
ISC 
mA 


Source 
15 
21 
- 
Sink 
-15 
-27 
- 


Power 
Supply 
Current 
(Va = 0 V, Per Amplifier) 
10 
mA 


TA = 
+25'C 
- 
1.75 
2.5 


TA = 
-40'Cto 
+85'C 
- 
- 
3.0 


Slew 
Rate (Vin = 
-10 
V to 
+ 10 V, RL = 2.0 kil, 
CL = 100 pF, AV = 
+1.0) 
SR 
8.0 
12 
- 
V/p.s 


Gain 
Bandwidth 
Product 
(f = 100 kHz) 
GBW 
- 
30 
- 
MHz 


AC Voltage 
Gain (RL = 2.0 kil, 
Va = 0 V, f = 20 kHz) 
Ava 
- 
1500 
- 
VN 


Unity 
Gain 
Frequency 
(Open-Loop) 
fU 
- 
5.0 
- 
MHz 


Gain 
Margin 
(RL = 2.0 kil. 
CL = 0 pFI 
Am 
- 
8.0 
- 
dB 


Phase Margin 
(RL = 2.0 kil, 
CL = 0 pF) 
<Pm 
- 
55 
- 
Deg. 


Channel 
Separation 
If = 20 Hz to 20 kHz I 
CS 
- 
-120 
- 
dB 


Power 
Bandwidth 
(Va = 27 Vo_n, RL = 2.0 kil, 
THO", 
1.0%1 
BWp 
- 
120 
- 
kHz 


Distortion 
(RL = 2.0 kil, 
f = 20 Hz to 20 kHz, Va = 3.0 Vrms, 
AV = 
+1.0) 
THO 
- 
0.003 
- 
% 


Open-Loop 
Output 
Impedance 
(Va = 0 V, f = 9.0 MHz) 
IZol 
- 
37 
- 
il 


Differential 
Input 
Resistance 
(VCM = 0 V) 
RIN 
- 
1012 
- 
kil 


Differential 
Input 
Capacitance 
(VCM = 0 V) 
CIN 
- 
5.0 
- 
pF 


Equivalent 
Input 
Noise 
Voltage 
(RS = 100 il, 
f = 1.0 kHz) 
en 
- 
18 
- 
nV/y'Hz 


Equivalent 
Input 
Noise 
Current 
(f = 1.0 kHz) 
in 
- 
0.01 
- 
pAly'Hz 


@ MOTOROLA 


JFET INPUT OPERATIONAL AMPLIFIERS 


These low cost JFET Input operational 
amplifiers 
combine 
two 
state-of-the-art 
linear 
technologies 
on a single 
monolithic 
inte- 


grated circuit. 
Each internally 
compensated 
operational 
amplifier 
has well matched 
high voltage 
JFET input devices for low input 
offset voltage. 
The BIFET technology 
provides 
wide 
bandwidths 
and fast slew rates with 
low input bias currents, 
input offset cur- 


rents, and supply 
currents. 


The Motorola 
BIFET family 
offers 
single, 
dual and quad oper- 
ational amplifiers 
which are pin-compatible 
with the industry 
stan- 
dard MC1741, MC1458, and the MC3403/LM324 
bipolar 
devices. 


The MC35001/35002/35004 
series are specified 
over the military 
operating 
temperature 
range 
of 
- 55°C to 
+ 125'C 
and 
the 
MC34001/34002/34004 
series are specified 
from 
O'C to + 70'C. 


• 
Input Offset Voltage 
Options 
of 2.0,5.0, 
and 10 mV Maximum 


• 
Low Input Bias Current - 
40 pA 


• 
Low Input Offset Current - 
10 pA 


• 
Wide Gain Bandwidth 
- 
4.0 MHz 


• 
High Slew Rate - 
13 V/IJ-S 


• 
Low Supply 
Current - 
1.8 mA per Amplifier 


• 
High Input Impedance 
- 
1012 n 


• 
High Common-Mode 
and Supply 
Voltage 
Rejection 
Ratios - 
100 dB 


• 
Industry 
Standard 
Pinouts 


Op Amp 
Temperature 


Function 
Device 
Range 
Peckage 
MC34001AD,BD, 0 
SO-8 
MC34001AG, BG, G 
o to +70 
Metal Can 
MC34001AP,BP,P 
Plastic DIP 
Single 
MC34001AU, BU, U 
Ceramic DIP 
MC35001AG,BG, G 
-55 to + 125'C 
Metal Can 
MC35001AU, BU, U 
Ceramic DIP 
MC34002AD,BD, 0 
SO-8 
MC34002AG, BG, G 
o to +70'C 
Metal Can 
MC34002AP,BP,P 
Plastic DIP 
Dual 
MC34002AU, BU, U 
Ceramic DIP 
MC35002AG,BG, G 
-55to 
+125'C 
Metal Can 
MC35002AU, BU, U 
Ceramic DIP 
MC34004BD,0 
SO-14 
MC34004BL,L 
o to +70'C 
Ceramic DIP 
Quad 
MC34004BP,P 
Plastic DIP 
MC35004BL,L 
-55 to + 125'C 
Ceramic DIP 
~- 
~,. 


CERAMICPACKAGE 
PLASTICPACKAGE 
CASE632-08 
CASE646-06 
"#- 
• 
D SUFFIX 
PLASTICPACKAGE 
CASE751A-02 
SO-14 


MC34001, 
MC3S001 
MC34002, 
MC3S002 
MC34004, 
MC3S004 


JFET INPUT 
OPERATIONAL 
AMPLIFIERS 
SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 


G SUFFIX 
METAL PACKAGE 
CASE601-04i' 
8 
1 


NC 
Offsee' V 
Null, 
I 
CC 


:~~:ttjng, 
: 
• Output 


Non· 
J 
~ 
Offset 


Inverting· 
• 
Null 
Input 
VEE 


VCCG 


MC34002. 
Ou tput A 
, 
, Output 
B 
MC35002 


Inverting 
J 
- 
_ 
• 
Inverting 
(Top 
View) 
Input A 
Input B 


Noninverting 
• + 
+ 
~ Noninverting 
Input A 
V~E 
Input B 


P SUFFIX 
PLASTICPACKAGE 
CASE626-05 


U SUFFIX 
CERAMICPACKAGE 
CASE693-02 


D SUFFIX 
PLASTICPACKAGE 
CASE751-02 
SO-8 


Offset 
Null8' NC 
Invt Input'· 
, Vcc 
Noninvt 
Input 
J' 
• Output 
Vee 
. 
• Offset 
Null 


MC34001. 
MC35001 
(Top 
View) 


OutPutA~_ 
• VCC 
Inputs 
A t 
J 
_' 
Output 
B 


V 
J +A 
• llnputs 
8 
EE' 
B+·f 


MC34002, 
MC35002 
nop 
View) 


- 
MC35001 
MC34001 
MC35002 
MC34002 
Rating 
Symbol 
MC35004 
MC34004 
Unit 


Supply 
Voltage 
VCC 
+22 
+18 
V 


VEE 
-22 
-18 


Differential 
Input 
Voltage 
VID 
±40 
±30 
V 


Input 
Voltage 
Range 
VI DR 
±20 
±16 
V 


Output 
Short-Circuit 
Duration 
ts 
Continuous 


Operating 
Ambient 
Temperature 
TA 
-55 
to 
+ 125 
o to 
+ 70 
'c 
Range 


Operating 
Junction 
Temperature 
TJ 
'c 
Metal 
and Ceramic 
Packages 
150 
115 
Plastic 
Packages 
- 
115 


Storage 
Temperature 
Range 
Tstg 
'c 
Metal 
and Ceramic 
Packages 
-65to 
+ 150 
-65to 
+150 
Plastic 
Packages 
- 
- 55 to 
+ 125 


Symbol 
MC35001/35002/35004 
MC34001/34002/34004 


Characteristic 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS '" 10 kl 
VIO 
mV 
MC3500XA, 
MC3400XA 
- 
1.0 
2.0 
- 
1.0 
2.0 
MC3500XB, 
MC3400XB 
- 
3.0 
5.0 
- 
3.0 
5.0 
MC3500X, 
MC3400X 
- 
5.0 
10 
- 
5.0 
10 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
';VIO/';T 
- 
10 
- 
- 
10 
- 
livrc 
Rs", 
10 k, TA 
~ Tlow 
to Thiah 
INote 
1) 


Input 
Offset 
Current 
(VCM 
~ OllNote 
2) 
110 
pA 
MC3500XA, 
MC3400XA 
- 
10 
25 
- 
25 
50 
MC3500XB, 
MC3400XB 
- 
10 
50 
- 
25 
100 
MC3500X, 
MC3400X 
- 
25 
100 
- 
25 
100 


Input 
Bias Current 
(VCM 
~ 0) (Note 
2) 
liB 
pA 
MC3500XA, 
MC3400XA 
- 
40 
75 
- 
50 
100 
MC3500XB, 
MC3400X8 
- 
40 
100 
- 
50 
200 
MC3500X, 
MC3400X 
- 
50 
200 
- 
50 
200 


Input 
Resistance 
ri 
- 
1012 
- 
- 
1012 
- 
n 


Common 
Mode 
Input 
Voltage 
Range 
VICR 
±11 
+15 
- 
= 11 
+15 
- 
V 


- 12 
-12 


Large 
Signal 
Voltage 
Gain 
IVO 
~ 
= 10 V, RL ~ 2.0 k) 
AVOL 
V/mV 
MC3500XA, 
MC3400XA 
50 
150 
- 
50 
150 
- 
MC3500XB, 
MC3400XB 
50 
150 
- 
50 
150 
- 
MC3500X, 
MC3400X 
25 
100 
- 
25 
100 
- 


Output 
Voltage 
Swing 
Vo 
±12 
=14 
- 
V 


(RL'" 
10 k) 
=12 
=14 
- 
= 10· 
± 13 
- 


IRL '" 2.0 k) 
=10 
± 13 
- 


Common 
Mode 
Rejection 
Ratio 
(RS '" 10 k) 
CMRR 
dB 
MC3500XA, 
MC3400XA 
80 
100 
- 
80 
100 
- 
MC3500XB, 
MC3400XB 
80 
100 
- 
80 
100 
- 


MC3500X, 
MC3400X 
- 
- 
- 
70 
100 
- 


Supply 
Voltage 
Rejection 
Ratio 
IRS'" 
10 k)INote 
3) 
PSRR 
dB 
MC3500XA, 
MC3400XA 
80 
100 
- 
80 
100 
- 
MC3500XB, 
MC3400XB 
80 
100 
- 
80 
100 
- 
MC3500X, 
MC3400X 
70 
100 
- 
70 
100 
- 


Supply 
Current 
(Each Amplifier) 
10 
mA 
MC3500XA, 
MC3400XA 
- 
1.4 
2.5 
- 
1.4 
2.5 
MC3500XB, 
MC3400XB 
- 
1.4 
2.5 
- 
1.4 
2.5 
MC3500X, 
MC3400X 
- 
1.4 
2.7 
- 
1.4 
2.7 


Slew 
Rate IAv 
~ 
1) 
SR 
- 
13 
- 
- 
13 
- 
ViliS 


Gain-Bandwidth 
Product 
GBW 
- 
4.0 
- 
- 
4.0 
- 
MHz 


Equivalent 
Input 
Noise 
Voltage 
en 
- 
25 
- 
- 
25 
- 
nV/YHz 


IRS ~ 
100 n, f ~ 
1000 Hz) 


Equivalent 
Input 
Noise 
Current 
(f = 1000 Hz) 
in 
- 
0.01 
- 
- 
0.01 
- 
pAlYHz 


CC ~ + 
EE ~ ~ 
A 
~ 
low 
0 
hiQh 
a e 


MC35001135002/35004 
MC34001134002/34004 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
IRS'" 
10 k) 
Via 
mV 
MC3500XA, 
MC3400XA 
- 
- 
4.0 
- 
- 
4.0 
MC3500XB, 
MC3400XB 
- 
- 
7.0 
- 
- 
7.0 
MC3500X, 
MC3400X 
- 
- 
14 
- 
- 
13 


Input 
Offset 
Current 
IVCM 
~ 
0) INote 
21 
110 
nA 
MC3500XA, 
MC3400XA 
- 
- 
20 
- 
- 
2.0 
MC3500XB, 
MC3400XB 
- 
- 
40 
- 
- 
4.0 
MC3500X, 
MC3400X 
- 
- 
40 
- 
- 
4.0 


Input 
Bias Current 
(VCM 
~ 
0) INote 
21 
liB 
nA 
MC3500XA, 
MC3400XA 
- 
- 
50 
- 
- 
4.0 
MC3500XB, 
MC3400XB 
- 
- 
50 
- 
- 
8.0 
MC3500X, 
MC3400X 
- 
- 
50 
- 
- 
8.0 


Common 
Mode 
Input Voltage 
Range 
VICR 
:::11 
- 
- 
"11 
- 
- 
V 


Large 
Signal 
IVO 
= 
" 10 V, RL = 2.0 kl 
AVOL 
V/mV 
MC3500XA, 
MC3400XA 
25 
- 
- 
25 
- 
- 
MC3500XB, 
MC3400XB 
25 
- 
- 
25 
- 
- 
MC3500X, 
MC3400X 
15 
- 
- 
15 
- 
- 


Output 
Voltage 
Swing 
Va 
V 
IRL'" 
10 kl 
" 12 
- 
- 
"12 
- 
- 


IRL '" 2.0 k) 
,,10 
- 
- 
,,10 
- 
- 


Common 
Mode 
Rejection 
Ratio 
IRS'" 
10 k) 
CMRR 
dB 
MC3500XA, 
MC3400XA 
80 
- 
- 
80 
- 
- 
MC3500XB, 
MC3400XB 
80 
- 
- 
80 
- 
- 
MC3500X, 
MC3400X 
70 
- 
- 
70 
- 
- 


Supply 
Voltage 
Rejection 
Ratio 
IRS'" 
10 k) INote 
3) 
PSRR 
dB 
MC3500XA, 
MC3400XA 
80 
- 
- 
80 
- 
- 
MC3500XB, 
MC3400XB 
80 
- 
- 
80 
- 
- 
MC3500X, 
MC3400X 
70 
- 
- 
70 
- 
- 


Supply 
Current 
lEach 
Amplifier) 
ID 
mA 
MC3500XA, 
MC3400XA 
- 
- 
2.8 
- 
- 
2.8 
MC3500XB, 
MC3400XB 
- 
- 
28 
- 
- 
2.8 
MC3500X, 
MC3400X 
- 
- 
3.0 
- 
- 
3.0 


NOTES: 
111 Tlow 
= 
~ 55'C 
for MC350011MC35001A35001 
8 


MC350021MC35002AJ350028 


MC35004.350048 


= 
O'C for MC34001134001AJ340018 


MC34002134002AJ340028 


MC340041340048 


Thigh 
= 
+ 125'C 
for 
MC35001/MC35001AJ350018 


MC35002/MC35002AJ35002B 


MC350041350048 


+ 70'C for MC34001/34001AJ34001 
8 


MC34002134002AJ340028 


MC34004/340048 


(2) The input 
bias currents 
approximately 
double 
for every 
10"C rise in junc- 


tion 
temperature, 
TJ. Due to limited 
test 
time. 
the 
input 
bias 
currents 
are 


correlated 
to junction 
temperature. 
Use of a heat 
sink 
is recommended 
jf input 
bias current 
is to be kept to a minimum 


(3) 
Supply 
voltage 
rejection 
ratio 
is measured 
for 
both 
supply 
magnitudes 


increasing 
or decreasing 
simultaneously, 
in accordance 
with 
common 
practice. 
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~ 
10 
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f- VCCNEE = :c 15 V 
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TA = 15°C 
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= 1.0k 
TA = 15"C 
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~ 
15 
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20 
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•..• 15 
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10 
a 
> 5.0 


I 
I 
-VCCNEE 
= :c15V 
/R[ 
= 10k 


"R[ - 1.0 k 


1.0 


1.8 


~ 
16 
§ 
1.4 


~ 
1.2 
'-' 
~ 
1.0 


~ 
0.8 


~ 
0.6 
v> 
90.4 


0.1 
o 


VCCNEE = 
:c 15 V 


r---r-- --- - 


VCCNEE= ± 15 V 


RL = 2.0 k 
- 
- 
TA = 25°C 
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I- VCCNEE= ± 15Vdc 


ii~V 
= 10 
Vo 
6.0 V IRMSI 


TA 
WC 


I 
I 


I 
I 
I 


I 
I I 
III 


II 


Offset 
{ 
Null 


IMC34001, 
1.5 k 
MC35001 
only) 
1 Bias Circuitry 
l 
I Common 
to AliI 


Amplifiers 


[ 
255] 
= 10 V 
256 
= 9.961 V 


14 
R1 


~Vref 
15 
A1 
5 
A2 
6 
A3 
7 
A4 
8 
A5 
9 
A6 10 
A7 
11 
AS 
12 


Theoretical 
Vo 


Vre! 
[A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8] 
Vo :: - 
(Ra) 
- 
+ - 
+ - 
+ - 
+ - 
+ - 
+ - 
+ - 


Rl 
2 
4 
8 
16 
32 
64 
128 
256 


Adjust 
Vref. 
Rl 
or 
RO 
so that Vo with 
all 
digital 
inputs 
at 
high 
level is equal to 9.961 volts. 


Vref 
= 
2.0 Vdc 


R1 
= 
R2 
- 
1.0 kO 


RO 
= 
5.0 
kO 


2 V 
[' 
1 
1 
1 
1 
1 
1 
'] 
Vo 
:: 
- 
(5 k) 
- 
+ - 
+ - 
+ - 
+ - 
+ - 
+ - 
+ - 
1 k 
2 
4 
8 
16 
32 
64 
128 
256 


FIGURE 
15 -ISOLATING 
LARGE 
CAPACITIVE 
LOADS 


R2 
5.1 k 


+2.0~L 
-2.ovT 


• 
Overshoot 
< 10% 


• 
ts 
"" 10 iLs 


• 
When 
driving 
large 
CL, the 
Vout 
slew 
rate 
is determined 
by CL 


and 
lout(max)= 


Design Example: 
100 Second Timer 


VA 
• 
10 v 
C = 
1.0 ~F 
A3 = 
A4 = 
144 
M 


A6 
= 20 
k 
AS 
= 2.0 
k 
A 1 = 
A2 
= 
1.0 k 


FIGURE 
16 - 
WIDE 
BW, LOW 
NOISE, 
LOW 
DRIFT 
AMPLIFIER 


C2 


R2 


C1 :~: 


....L 


VEE 


• 
Power BW: fmax 
= ~ 
:l! 240 kHz 
21TVp 


• 
Parasitic input capacitance (el 
== 3 pF plus any additional 
layout ca- 
pacitance) 
interacts 
with 
feedback elements 
and creates undesirable 
high-frequency 
pole. To compensate 
add C2 such that: R2C2 .S!! Ale1. 


® MOTOROI.A 
II 


HIGH SLEW RATE, WIDE BANDWIDTH, 
SINGLE SUPPLY OPERATIONAL AMPLIFIERS 


Quality bipolar fabrication 
with innovative 
design concepts are 
employed 
for the MC33071/2/4, MC34071/2/4, MC35071/2/4 series 
of monolithic 
operational 
amplifiers. 
This series of operational 
amplifiers 
offer 4.5 MHz of gain bandwidth 
product, 
13 V/J.LSslew 
rate and fast settling 
time without 
the use of JFET device tech- 
nology. Although 
this series can be operated from split supplies, 


it is particularly 
suited for single supply operation, 
since the com- 


mon mode input voltage 
range includes 
ground 
potential 
(VEE). 
With a Darlington 
input stage, this series exhibits high input resis- 
tance, low input offset voltage and high gain. The all NPN output 
stage, characterized 
by no dead band crossover 
distortion 
and 
large output voltage swing, provides high capacitance drive capa- 
bility, excellent 
phase and gain margins, 
low open-loop 
high fre- 
quency 
output 
impedance 
and symmetrical 
source/sink 
ac fre- 
quency 
response. 


The MC33071/214, MC34071/2/4, MC35071/2/4 series of devices 
are available 
in standard or prime performance 
(A Suffix) grades 
and are specified over the commercial, 
industrial/vehicular 
or mil- 


itary temperature 
ranges. The complete 
series of single, dual and 
quad operational 
amplifiers 
are available 
in the plastic, ceramic 
DIP and SOIC surface mount 
packages. 


• 
Wide Bandwidth: 
4.5 MHz 


• 
High Slew Rate: 13 V/J.LS 


• 
Fast Settling 
Time: 
1.1 J.Ls to 0.1% 


• 
Wide Single Supply Operation: 
3.0 V to 44 V 


• 
Wide Input Common 
Mode Voltage 
Range: Includes Ground (VEE) 
• 
Low Input Offset Voltage: 
3.0 mV Maximum 
(A Suffix) 


• 
Large Output Voltage Swing: 
-14.7 
V to + 14 V (with 
± 15 V 
Supplies) 


• 
Large Capacitance 
Drive Capability: 
0 to 10,000 pF 


• 
Low Total Harmonic 
Distortion: 
0.02% 


• 
Excellent 
Phase Margin: 
60' 


• 
Excellent Gain Margin: 
12 dB 


• 
Output 
Short Circuit Protection 


OpAmp 
Function 
Device 
Temperature 
Range 
Package 


Single 
MC34071 P, AP 
DoC to + 700e 
Plastic 
DIP 
MC34071D. AD 
DOC to +70°C 
50·8 
MC34071U. AU 
DOC to 
+ 700e 
Ceramic 
DIP 
MC33071P. AP 
- 40'C to + 85'C 
Plastic 
DIP 
MC33071D. AD 
- 40°C 
to + 85°C 
50·8 
MC33071 U. AU 
- 40°C 
to + 85°C 
Ceramic 
DIP 
MC35071U. AU 
- 55'C to + 125'C 
Ceramic 
DIP 


Dual 
MC34072P. AP 
DOCto +70°C 
Plastic 
DIP 
MC34072D 
AD 
DoC to + 700c 
50-8 
MC34072U. AU 
OOC to + 700e 
Ceramic 
DIP 
MC33072P. AP 
-40"C 
to +85'C 
Plastic 
DIP 
MC33072D 
AD 
-4O"C 
to +85°C 
50·8 
MC33072U. AU 
- 40°C to + 85°C 
Ceramic 
DIP 
MC35072U. AU 
- 55°C to + 125°C 
Ceramic 
DIP 


Quad 
MC34074P. AP 
DoC to + JOoe 
Plastic 
DIP 
MC34074D. AD 
DOC to + JOoe 
50-14 
MC34074U. AU 
DOC to + 700e 
Ceramic 
DIP 
MC33074P. AP 
- 40'C to + 85'C 
Plastic 
DIP 
MC33074D. AD 
- 40'C to + 85'C 
50-14 
MC33074U. AU 
- 40"C to + 85°C 
Ceramic 
DIP 
MC35074U. AU 
- 55'C to + 125'C 
Ceramic 
DIP 


MC34071,2,4 
MC35071,2,4 
MC33071,2,4 


HIGH PERFORMANCE 
SINGLE 
SUPPLY 
OPERATIONAL 
AMPLIFIERS 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


U SUFFIX 
CERAMIC 
PACKAGE 
CASE 
693-02 
o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 


SO-8 


Offset 
NUIIE3' 
NC 
I' - 
, VCC 
Inputs 
3 
+ 
/I Output 


VEE 
• 
, 
Offset 
Null 


(Single, 
Top 
View) 


Output 
1 
I 


Inputs 
1 {: 


VEE' 


, 
VCC 


, 
Output 
2 


- 
:} 
Inputs 
2 


PSUFAX 
PLASTIC 
PACKAGE 
CASE 
646-06 


LSUFAX 
CERAMIC 
PACKAGE 


CASE 
632-08 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751A-02 
SO-14 


Output 
1 
I. Output 
4 


Inputs 
1 { : 
"\ Inputs 
4 


" 


VCC' 
" 
VEE 


Inputs 
2 { : 
"I 
, 
Inputs 
3 


Output 
2 
, 
, 
Output 
3 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
(from 
VEE to VCC) 
Vs 
+44 
Volts 


Input 
Differential 
Voltage 
Range 
VI DR 
Note 
1 
Volts 


Input 
Voltage 
Range 
VIR 
Note 
1 
Volts 


Output 
Short-Circuit 
Duration 
(Note 
2) 
ts 
Indefinite 
Seconds 


Operating 
Junction 
Temperature 
TJ 
°c 
Ceramic 
Package 
+160 
Plastic 
Package 
+150 


Storage 
Temperature 
Range 
Tstg 
°c 
Ceramic 
Package 
-65 
to 
+ 160 
Plastic 
Package 
-60to 
+150 


NOTES; 


1. 
Either 
or both 
input 
voltages 
should 
not 
exceed 
the 
magnitude 
of Vec 
or VEE. 


2. 
Power 
dissipation 
must 
be considered 
to ensure 
maximum 
junction 
temperature 
(T Jl is not 
exceeded 
(see 
Figure 
1). 


Inputs 


+ 


II 


DC ELECTRICAL 
CHARACTERISTICS 
(Vcc 
~ 
+ 15 V, VEE ~ 
-15 
V, RL ~ connected 
to ground 
unless 
otherwise 
noted, 


See (Note 
31 for T 
T 
to T 
) 
A= 
low 
hiah 


A Suffix 
Non-Suffix 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS = 100 il, 
VCM 
~ 0 V, Vo 
~ 0 V) 
VIO 
mV 
VCC ~ 
+15 
V, VEE = 
-15 
V, TA 
= 
+25°C 
- 
0.5 
3.0 
- 
1.0 
5.0 


VCC = 
+5.0 
V, VEE = 0 V, TA 
~ 
+25°C 
- 
0.5 
3.0 
- 
1.5 
5.0 


VCC = 
+15V,VEE 
~ 
-15V,TA 
~ TlowtoThioh 
- 
- 
5.0 
- 
- 
7.0 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
~VloJ~T 
- 
10 
- 
- 
10 
- 
IJ.vrc 


RS ~ 
10 il, 
VCM 
= 0 V, Vo 
= 0 V, TA 
= Tlow 
to Thioh 


Input 
Bias Current 
(VCM 
= 0 V, Vo 
= 0 V) 
liB 
nA 


TA 
= 
+25°C 
- 
100 
500 
- 
100 
500 


TA 
~ Tlow 
to Thioh 
- 
- 
700 - 
- 
700 


Input 
Offset 
Current 
(VCM 
= 0 V, Vo 
= 0 V) 
110 
nA 
TA 
~ 
+25°C 
- 
6.0 
50 
- 
6.0 
75 


TA ~ Tlow 
to Thiah 
- 
- 
300 
- 
- 
300 


Input 
Common 
Mode 
Voltage 
Range 
VICR 
V 
TA 
= 
+25°C 
VEE to (VCC -1.81 
VEE to (VCC -1.8) 


TA = Tlow 
to Thiah 
VEE to (VCC - 2.21 
VEE to (VCC - 2.2) 


Large 
Signal 
Voltage 
Gain 
(VO = 
± 10 V, RL = 2.0 kfi) 
AVOL 
V/mV 


TA 
~ 
+25°C 
50 
100 
- 
25 
100 
- 


TA = Tlow 
to Thiah 
25 
- 
- 
20 
- 
- 


Output 
Voltage 
Swing 
(VID ~ 
± 1.0 V) 
VOH 
V 
VCC = 
+5.0 
V, VEE = 0 V, RL = 2.0 kil, 
TA 
~ 
+25°C 
3.7 
4.0 
- 
3.7 
4.0 
- 


VCC ~ 
+15 
V, VEE ~ 
-15 
V, RL ~ 10 kil, 
TA 
= 
+25°C 
13.6 
14 
- 
13.6 
14 
- 
VCC = 
+ 15 V, VEE = 
-15 
V, RL = 2.0 kil, 
TA = Tlow 
to Thigh 
13.4 
- 
- 
13.4 
- 
- 


VCC = 
+5.0 
V, VEE = 0 V, RL = 2.0 kil, 
TA 
~ 
+25°C 
VOL 
- 
0.1 
0.3 
- 
0.1 
0.3 
V 
VCC = 
+15 
V, VEE = 
-15 
V, RL = 10 kil, 
TA 
~ 
+25°C 
- 
-14.7 
-14.3 
- 
-14.7 
-14.3 


VCC = 
+ 15 V, VEE = 
-15 
V, RL = 2.0 kil, 
TA 
= Tlow 
to Thiah 
- 
- 
-13.5 
- 
- 
-13.5 


Output 
Short-Circuit 
Current 
(VID 
= 1.0 V, Vo 
= 0 V, TA = 25°CI 
ISC 
mA 
Source 
10 
30 
- 
10 
30 
- 
Sink 
20 
30 
- 
20 
30 
- 


Common 
Mode 
Rejection 
CMR 
80 
97 
- 
70 
97 
- 
dB 
RS = 
100 kil, 
VCM 
= VICR, TA 
~ 25°C 


Power 
Supply 
Rejection 
(RS = 
100 fi) 
PSR 
80 
97 
- 
70 
97 
- 
dB 
\ CCNEE 
= 
+ 16.5 V/-16.5 
V to 
+ 13.5 V/- 13.5 V, TA 
= 25°C 


Power 
Supply 
Current 
(Per Amplifier, 
No Load) 
ID 
mA 
VCC = 
+5.0 
V, VEE = 0 V, Vo 
~ 
+2.5 
V, TA 
~ 
+25°C 
- 
1.6 
2.0 
- 
1.6 
2.0 
VCC = 
+15V, 
VEE = 
-15V, 
Vo 
~ OV, TA 
~ 
+25°C 
- 
1.9 
2.5 
- 
1.9 
2.5 
VCC ~ 
+ 15 V, VEE ~ 
-15 
V, Vo 
= 0 V, TA 
= Tlow 
to Thiah 
- 
- 
2.8 
- 
- 
2.8 


NOTES: (continued) 


3. Tlow : 
- 55"C for MC35071.2,4,1A 


: 
- 40°C for MC33071,2,4,1A 


: 
O°Cfor MC34071,2,4,1A 


Thigh: 
+ 125°Cfor MC35071.2,4,1A 


: 
+ 85°C for MC33071,2,4,1A 


: 
+ 70°C for MC34071.2,4,1A 


AC 
ELECTRICAL 
CHARACTERISTICS 
(Vcc 
~ 
+ 15 V, vEE 
= - 15 V, RL = connected 
to ground, 
TA 
~ 
+ 25'C 
unless 


otherwise 
noted) 


A Suffix 
Non-Suffix 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Slew 
Rate 
(Vin = 
- 10 V to 
+ 10 V, RL ~ 2,0 kO, CL = 500 pF) 
SR 
V/IJ-s 
AV = 
+1.0 
8,0 
10 
- 
8.0 
10 
- 


AV = 
-1.0 
- 
13 
- 
- 
13 
- 


Settling 
Time 
(10 V Step, 
AV 
~ 
-1.01 
ts 
IJ-S 


To 0.1% 
(+ 1/2 
LSB of 9-Bits) 
- 
1.1 
- 
- 
1.1 
- 
To 0.01% 
(+1/2 
LSB of 12-Bits) 
- 
2.2 
- 
- 
2.2 
- 


Gain 
Bandwidth 
Product 
(f ~ 
100 kHz) 
GBW 
3.5 
4.5 
- 
3.5 
4.5 
- 
MHz 


Power 
Bandwidth 
BW 
- 
200 
- 
- 
200 
- 
kHz 


AV = 
+ 1.0, RL ~ 
2.0 kO, Vo = 20 Vp-p, 
THO 
~ 
5.0% 


Phase Margin 
4>m 
Oeg 


RL = 2.0 kO 
- 
60 
- 
- 
60 
- 
RL = 2.0 kO, CL = 300 pF 
- 
40 
- 
- 
40 
- 


Gain 
Margin 
Am 
dB 


RL = 2.0 kO 
- 
12 
- 
- 
12 
- 
RL ~ 
2.0 kO, CL ~ 300 pF 
- 
4.0 
- 
- 
4.0 
- 


Equivalent 
Input 
Noise 
Voltage 
en 
- 
32 
- 
- 
32 
- 
pAl 


RS = 100 0, f = 1.0 kHz 
VHz 
.- 
Equivalent 
Input 
Noise 
Current 
in 
- 
0.22 
- 
- 
0.22 
- 
pAl 


f = 1.0 kHz 
VHz 


Differential 
Input 
Resistance 
RIN 
- 
150 
- 
- 
150 
- 
MO 


VCM 
= 0 V 


Differential 
Input 
Capacitance 
CIN 
- 
2.5 
- 
- 
2.5 
- 
pF 
VCM = 0 V 


Total 
Harmonic 
Distortion 
THO 
- 
0.02 
- 
- 
0.02 
- 
% 


AV = 
+ 10, RL ~ 
2.0 kO, 2.0 Vp_p '" Vo 
'" 20 Vp-p, 
f = 10 kHz 


Channel 
Separation 
(f ~ 
10kHz) 
- 
- 
120 
- 
- 
120 
- 
dB 


Open-Loop 
Output 
Impedance 
(f = 1.0 MHz) 
Ilol 
- 
30 
- 
- 
30 
- 
° 


SINGLE 
SUPPLY 


3.0 V to 44 V 


I' 


SPLIT 
SUPPLIES 


VCC 
+ 
IVEEI '" 44 V 


VEE 


Offset 
nulling 
range 
is approximately 
±80 
mV with 
a 10 k 
potentiometer 
(MC33071, 
MC34071, 
MC35071 
only). 


fI 
I I 
I I I I 
I 
I 
I 
I I 
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N:::' 
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•.I 
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APPLICATIONS INFORMATION 
CIRCUIT DESCRIPTION/PERFORMANCE 
FEATURES OF THE MC34071 SERIES 


Although 
the bandwidth, 
slew rate, and settling time 
of the MC34Q71 amplifier 
series are similar to op amp 
products 
utilizing 
JFET input devices, these amplifiers 
offer other additional 
distinct advantages as a result of 
the PNPtransistor differential 
input stage and an all NPN 
transistor 
output stage. 


Since the input common 
mode voltage range of this 
input stage includes the VEE potential, 
single supply 
operation 
is feasible 
to as low as 3.0 volts with 
the 
common 
mode input voltage at ground potential. 


The input stage also allows differential 
input voltages 
up to :!:44 volts, provided the maximum 
input voltage 
range is not exceeded. Specifically, 
the input voltages 
must range between VEE and VCC supply voltages as 


shown 
by the 
maximum 
rating 
table. 
In practice, 
although 
not recommended, 
the 
input 
voltages 
can 
exceed the VCC voltage by approximately 
3.0 volts and 
decrease below the VEE voltage 
by 0.3 volts without 
causing product damage, although output phase rever- 
sal may occur. It is also possible to source up to approx- 
imately 
5.0 mA of current 
from 
VEE through 
either 
input's 
clamping 
diode without 
damage 
or latching, 
although 
phase reversal may again occur. 
If one or both inputs exceed the upper common mode 
voltage limit the amplifier 
output is readily predictable 
and may be in a low or high state depending 
on the 
existing 
input bias conditions. 


• 


Ulan me typical 
.Jrt: I Input gate capacitance (5.0 pFl, 
better frequency response for a given input source resis- 
tance can be achieved 
using the MC34071 series of 
amplifiers. 
This performance 
feature becomes evident, 
for example, 
in fast settling 
D-to-A current to voltage 
conversion 
applications 
where the feedback resistance 
can form an input pole with the input capacitance of the 
op amp. This input pole creates a 2nd order system with 
the single pole op amp and is therefore detrimental 
to 
its settling time. In this context, lower input capacitance 
is desirable 
especially 
for 
higher values of feedback 
resistances (lower current OAC's). This input pole can 
be compensated 
for by creating a feedback zero with a 
capacitance 
across the feedback resistance, if neces- 
sary, to reduce overshoot. For 2.0 kil of feedback resis- 
tance, the MC34071 series can settle to within 
1/2 LSB 
of 8 bits in 1.0 p.s, and within 1/2 LSB of 12 bits in 2.2 p's 
for a 10 volt step. In a inverting 
unity gain fast settling 
configuration, 
the symmetrical 
slew rate is ± 13 volts/ 


p.s. In the classic noninverting 
unity gain configuration 
the output 
positive slew rate is + 10 volts/p.s, and the 
corresponding 
negative slew rate will exceed the pos- 
itive slew rate as a function of the' fall time of the input 
waveform. 


Since the bipolar 
input device matching 
character- 
istics are superior 
to that of JFETs, a low untrimmed 
maximum 
offset voltage of 3.0 mV prime and 5.0 mV 
downgrade 
can be economically 
offered with high fre- 
quency 
performance 
characteristics. 
This 
combina- 
tion 
is ideal for low cost precision, 
high speed quad 
op amp applications. 
The all NPN output stage, shown in its basic form on 
the equivalent 
circuit schematic, offers unique advan- 
tages over the more conventional 
NPN/PNP transistor 
Class AB output 
stage. A 10 kil 
load resistance can 
swing 
within 
1.0 volt of the positive 
rail (Vccl, 
and 
within 
0.3 volts of the negative rail (VEE), providing 
a 
28.7 Vp_p swing from 
± 15 volt supplies. This large out- 
put swing 
becomes 
most 
noticable 
at lower 
supply 
voltages. 
The positive swing is limited by the saturation voltage 
of the current source transistor 07, and VBE of the NPN 
pull up transistor 017, and the voltage drop associated 
with the short circuit resistance, R7.The negative swing 
is limited 
by the saturation 
voltage 
of the pull-down 
transistor 
016, the voltage drop ILR6, and the voltage 
drop associated with resistance R7, where IL is the sink 
load current. For small valued sink currents, the above 
voltage 
drops 
are negligible, 
allowing 
the 
negative 
swing voltage to approach within millivolts 
of VEE. For 
large valued sink currents (>5.0 mAl. diode 03 clamps 
the voltage across R6' thus limiting the negative swing 
to the saturation voltage of 016, plus the forward diode 
drop of 03 (=VEE + 1.0 V). Thus for a given supply 
voltage, 
unprecedented 
peak-to-peak 
output 
voltage 
swing 
is possible 
as indicated 
by the output 
swing 
specifications. 
If the load resistance is referenced to VCC instead of 
ground 
for single supply 
applications, 
the maximum 
possible output swing can be achieved for a given sup- 


and the output will pull the load resistance near ground 
during the negative swing. The load resistance value 
should be much less than that of the feedback resistance 
to maximize pull up capability. 
Because the PNP output 
emitter-follower 
transistor 
has been eliminated, the MC34071 series offers a 20 mA 
minimum 
current sink capability, typically to an output 
voltage of (VEE + 1.8 V). In single supply applications 
the output can directly source or sink base current from 
a common emitter NPN transistor for fast high current 
switching 
applications. 
In addition, 
the all NPN transistor 
output 
stage is 
inherently 
fast, contributing 
to the bipolar 
amplifier's 
high gain bandwidth product and fast settling capability. 
The associated high frequency 
low output 
impedance 
(30 il typ @ 1.0 MHz) allows capacitive drive capability 
from 
0 to 10,000 pF without 
oscillation 
in the unity 
closed loop gain configuration. 
The 60· phase margin 
and 12 dB gain margin as well as the general gain and 
phase characteristics 
are virtually 
independent 
of the 
source/sink output swing conditions. This allows easier 
system phase compensation, 
since output 
swing will 
not be a phase consideration. 
The high frequency char- 
acteristics of the MC34071 series also allow excellent 
high frequency active filter capability, especially for low 
voltage single supply applications. 


Although the single supply specification 
is defined at 
5.0 volts, these amplifiers 
are functional 
to 3.0 volts @ 


25·C although 
slight 
changes in parametrics 
such as 
bandwidth, 
slew rate, and dc gain may occur. 
If power to this integrated circuit is applied in reverse 
polarity or if the IC is installed backwards in a socket, 
large unlimited 
current surges will occur through 
the 
device that may result in device destruction. 
Special static precautions are not necessary for these 
bipolar amplifiers 
since there are no MOS transistors 
on the die. 
As usual with most high frequency amplifiers, proper 
lead dress, component placement, and PC board layout 
should 
be exercised 
for 
optimum 
frequency 
perfor- 


mance. For example, long unshielded 
input or output 
leads may result in unwanted input-output 
coupling. In 
order to preserve the relatively 
low input capacitance 
associated with these amplifiers, 
resistors connected to 
the inputs should be immediately 
adjacent to the input 
pin to minimize additional stray input capacitance. This 
not only 
minimiies 
the input 
pole for optimum 
fre- 


quency response, but also minimizes extraneous "pick 
up" 
at this 
node. Supply 
decoupling 
with 
adequate 
capacitance immediately 
adjacent to the supply pin is 
also 
important, 
particularly 
over temperature, 
since 
many 
types 
of decoupling 
capacitors 
exhibit 
great 
impedance changes over temperature. 


The output of anyone amplifier is current limited and 
thus protected from a direct short to ground. However, 
under such conditions, 
it is important 
not to allow the 
device to exceed the maximum 
junction 
temperature 
rating. Typically for 
± 15 volt supplies, anyone 
output 
can be shorted continuously 
to ground without 
exceed- 


ing the maximum 
temperature 
rating. 


+ 
MC34071 
Co 


lOOk 
JVO 


1.0 k 
AV 
~ 
101 
~~K 


BW (- 
30 
dB) 
~ 45 kHz 
.". 


FIGURE 
39 - 
DC COUPLED 
INVERTING 
AMPLIFIER 
MAXIMUM 
OUTPUT 
SWING 


~ 


V~ 
4.75 Vp_p 
2.63 V I 


Vin 
'" 0.2 Vdc 


R 
R 


Vin 
16 k 
16 k 


C 
0.01 


32 k 
2R 


2C 
2C 


0.02 
0.02 


10 ~ 
1.0 kHz 


1 
__ 
1_ 
o - 
4"RC 


VCC 


lOOk 


~cln 
10k 


11 ~ 
370 mVp_p 


VCC 


10 ~ 30 kHz 


Q = 10 
HO 
~ 
1.0 


1.1 k 


R2 
5.6 k 


Given 
fa = Center 
Frequency 
Ao = Gain 
at Center 
Frequency 
Choose 
Value 
fo. 
Q. Ao_ C 
a 
Then 
R3 =- 


n10e 


For 
less than 
10% 
error 
from 
operational 
amplifier 


ooto < 0.1 
GBW 


MOTOROLA 
LINEAR/INTERFACE 
DEVICES 


2-297 


IFJ 


II 


(R-2R) Ladder 
Network 


Settling 
Time 


1.0 /,s (8 Bits, 1/2 LSB) 


IVRel 


-1# 
"ON" 


-1# 
Vin > VRel 


Vo 
~ ILoad 
RS (, 
+ iH) 


For Vo > 0.1 V 


BW (- 
3.0 dB) 
~ GBW 
(_R_2_) 


Rl + R2 


2.0Vr~r-l 


Vo 
~ 


I 
, 
t 


I 
, 
, 
, 


VO: 
: 
I 
' 
: 
-11-- 0.2 /,s 


4.0 V 
- 
-,- 
- 
Delay 


-I 1--- Delay 
1.0/,s 


ICell 1 


Vo 
= ICell RF 
Vo > 0.1 V 


FIGURE 
49 - 
LOW 
INPUT 
VOLTAGE 
COMPARATOR 
WITH 
HYSTERESIS,JJji 


VOL~~n 


VinL 
I VinH 


VRe! 


R1 
VinH 
~ 
R1 + R2 (VOH 
- 
VRe!) 
+ VRe! 


VH = _R_1 - 
(VOH 
- 
VOL) 
R1 + R 


FIGURE 
51 - 
HIGH 
INPUT 
IMPEDANCE 
DIFFERENTIAL 
AMPLIFIER 


R1 
R2 


R2 
R4 
.. 
R1 = R3 (Crotlcal to CMRR) 


Vo 
~ 
1( + ~) 
(V2 
- 
V1 ~) 


For (V2 " 
V11. V > a 


+ 


Vp T 10,000 
pF 


~ lout 


AR RF 
Vo 
~ 
VRe! 2ii2 


IVO" 
0.1 V) 


+~B 
+ 
-- 
ISC 


a 
t 


Base Charge 
Removal 


Comparator 
High 
Current 
Output 


• 


II 


fo = 1.0 kHz 
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HIGH SLEW RATE, WIDE BANDWIDTH, 
JFET INPUT OPERATIONAL AMPLIFIERS 


These devices are a new generation 
of high speed JFET input 
monolithic 
operational 
amplifiers. 
Innovative 
design 
concepts 
along with JFET technology 
provide wide gain bandwidth 
product 
and 
high 
slew 
rate. Well 
matched 
JFET input 
devices 
and ad- 
vanced 
trim 
techniques 
ensure 
low input 
offset 
errors and bias 
currents. 
The all NPN output 
stage features 
large output 
voltage 
swing, 
no dead band crossover 
distortion, 
high capacitive 
drive 
capability, 
excellent 
phase and gain margins, 
low open-loop 
out- 
put 
impedance, 
and 
symmetrical 
source/sink 
ac frequency 
response. 


This series of devices 
are available 
in standard 
or prime 
per- 
formance 
(A suffix Igrades, fully compensated 
or decompensated 
(AVCL;;.2) and are specified 
over commercial 
or Military 
temper- 
ature ranges. They are pin compatible 
with existing 
Industry stan- 
dard operational 
amplifiers, 
and allow the designer 
to easily up- 
grade the performance 
of existing 
designs. 


• 
Wide Gain Bandwidth: 
8.0 MHz for Fully Compensated 
Devices 
16 MHz for Decompensated 
Devices 


• 
High Slew Rate: 25 V/!J.s for Fully Compensated 
Devices 


50 V/!J.s for Decompensated 
Devices 


• 
High Input Impedance: 
1012 n 


• 
Input Offset Voltage: 
0.5 mV Maximum 
(Single Amplifier) 


• 
Large Output 
Voltage 
Swing: 
-14.7 
V to + 14 V for 
VCCNEE 
= ± 15 V 


• 
Low Open-Loop 
Output 
Impedance: 
30 n (it 1.0 MHz 


• 
Low THD Distortion: 
0.01% 


• 
Excellent 
Phase/Gain 
Margins: 
55'17.6 
dB for Fully Compen- 


sated Devices 


Output 1 ' 


Outputs 
1 { 
: 


OW SUFFIX 
PLASTICPACKAGE 
CASE751G-01 
SO-16L 


Inputs 2 { 
5 


Output 2 
7 


OpAmp 
Fully 
AVCL"Z 
Temperature 
Function 
Compensated 
Decompensated 
Range 
Package 


MC35081U,AU 
MC35080U,AU 
-55 to + 125'C 
Ceramic DIP 
Single 
MC34081D,AD 
MC34080D,AD 
o to +70'C 
SO-8 
MC34081P,AP 
MC34080P,AP 
o to + 70'C 
Plastic DIP 


Dual 
MC34082P,AP 
MC34083P,AP 
o to +70'C 
Plastic DIP 


MC35084L,AL 
MC35085L,AL 
-55 to + 125'C 
Ceramic DIP 
Quad 
MC34084DW 
MC34085DW 
o to +70'C 
SO-16L 
MC34084P,AP 
MC34085P,AP 
o to +70'C 
Plastic DIP 


MC34080/MC35080 
thru 
MC34085/MC35085 


HIGH PERFORMANCE 
JFET INPUT 
OPERATIONAL 
AMPLIFIERS 


.~ 
.~ 
1 
1 


P SUFFIX 
PLASTICPACKAGE 
CASE626-05 


U SUFFIX 


CERAMICPACKAGE 


CASE693-02 


o SUFFIX 
PLASTICPACKAGE 
CASE751-02 
50-8 


PIN ASSIGNMENTS 


Invt Input 
2 


Noninvt Input 
) 
6 
Output 


, 
Offset Null 


P SUFFIX 
L SUFAX 
PLASTICPACKAGE 
CERAMICPACKAGE 
CASE646-06 
CASE632-08 


PIN ASSIGNMENTS 


Output' 
1 


Inputs 11 : - 
iInputs 4 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
(from 
VCC to VEE) 
Vs 
+44 
Volts 


Input 
Differential 
Voltage 
Range 
VIDR 
Note 
1 
Volts 


Input 
Voltage 
Range 
VIR 
Note 
1 
Volts 


Output 
Short-Circuit 
Duration 
(Note 
2) 
ts 
Indefinite 
Seconds 


Operating 
Ambient 
Temperature 
Range 
TA 
·C 


MC35XXX 
-55 
to 
+ 125 
MC34XXX 
o to 
+70 


Operating 
Junction 
Temperature 
TJ 
·C 


Ceramic 
Package 
+165 
Plastic 
Package 
+125 


Storage 
Temperature 
Range 
Tstg 
·C 


Ceramic 
Package 
-65to 
+165 
Plastic 
Package 
-55to 
+125 


NOTES: 
1. Either or both input \loltages must not exceed the magnitude of VCC or VEE. 
2. Power dissipation must be considered to ensure maximum junction temperature (TJ) is not 
exceeded. 


InpuIS{ 
: 


5 


Null Adjust 
(MC340S0, 
OS1) 


II 


A Suffix 
Non-Suffix 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(Note 
4) 
VIO 
mV 


Single 
TA 
= 
+2S·C 
- 
0.3 
0.5 
- 
0.5 
1.0 


T A ~ 
O·C to + 70·C 
(MC34080, 
MC34081) 
- 
- 
2.5 
- 
- 
3.0 


TA 
= 
-SS·C 
to + 12S·C (MC3S080, 
MC3S081) 
- 
- 
3.5 
- 
- 
4.0 


Dual 


TA 
~ 
+2S·C 
- 
0.6 
1.0 
- 
1.0 
3.0 


T A = O·C to + 70·C 
(MC34082, 
MC34083j 
- 
- 
3.0 
- 
- 
5.0 
T A ~ 
- SS·C to + 12S·C (MC3S082, 
MC3S083) 
- 
- 
4.0 
- 
- 
6.0 
Quad 
TA 
~ 
+2S·C 
- 
3.0 
6.0 
- 
6.0 
12 


T A = O·C to + 70·C 
(MC34084, 
MC3408S) 
- 
- 
8.0 
- 
- 
14 
T A = 
- SS·C to + 12S·C (MC3S084, 
MC3S08S) 
- 
- 
9.0 
- 
- 
15 


Average 
Temperature 
Coefficient 
of Offset 
Voltage 
,lVIO/aT 
- 
10 
- 
- 
10 
- 
!J.vrc 


Input 
Bias Current 
(VCM 
~ 0 Note 
51 
liB 
TA 
~ 
+2S·C 
- 
0.06 
0.2 
- 
0.06 
0.2 
nA 
TA 
= O·C to +70·C 
- 
- 
4.0 
- 
- 
4.0 
TA 
~ 
-SS·C 
to + 12S·C 
- 
- 
50 
- 
- 
50 


Input 
Offset 
Current 
(VCM 
~ 
0 Note 
51 
110 
TA 
= 
+2S·C 
- 
0.02 
0.1 
- 
0.02 
0.1 
nA 
TA 
~ O·C to +70·C 
- 
- 
2.0 
- 
- 
2.0 
TA 
~ 
-SS·C 
to + 12S·C 
- 
- 
25 
- 
- 
25 


Large 
Signal 
Voltage 
Gain 
(VO 
= = 10 V, RL = 
2.0 k) 
AVOL 
V/mV 


TA 
~ 
+2S·C 
50 
80 
- 
25 
80 
- 


TA 
~ Tlow 
to Thioh 
25 
- 
- 
15 
- 
- 


Output 
Voltage 
Swing 
VOH 
V 
RL ~ 
2.0 k, TA 
~ 
+2S·C 
13.2 
13.7 
- 
13.2 
13.7 
- 
RL= 
10k,TA= 
+2S·C 
13.4 
13.9 
- 
13.4 
13.9 
- 
RL ~ 
10 k, TA 
~ Tlow 
to Thigh 
13.4 
- 
- 
13.4 
- 
- 


RL 
= 2.0 k, TA = 
+2S·C 
VOL 
- 
-14.1 
-13.5 
- 
-14.1 
-13.5 
RL ~ 
10 k, TA 
= 
+2S·C 
- 
-14.7 
-14.1 
- 
-14.7 
-14.1 
RL ~ 
10 k, TA 
= Tlow to Thigh 
- 
- 
-14.0 
- 
- 
-14.0 


Output 
Short-Circuit 
Current 
(T A = 
+ 2S·C) 
ISC 
mA 


Input Overdrive 
~ 
1.0 V. Output 
to Ground 
Source 
20 
31 
- 
20 
31 
- 
Sink 
20 
28 
- 
20 
28 
- 


Input Common 
Mode 
Voltage 
Range 
VICR 
(VEE 
+ 4.0) to 
(VEE 
+ 
4.0) to 
V 
TA 
~ 
+2S·C 
(VCC 
- 
2.0) 
(VCC 
- 
2.0) 


Common 
Mode 
Rejection 
Ratio (RS " 
10k, 
TA ~ 
+ 2S·C) 
CMRR 
75 
90 
- 
70 
90 
- 
dB 


Power 
Supply 
Rejection 
Ratio 
(RS 
= 
100 n, TA = 
2S·C) 
PSRR 
75 
86 
- 
70 
86 
- 
dB 


Power 
Supply 
Current 
ID 
mA 
Single 
TA 
= 
+2S·C 
- 
2.5 
3.4 
- 
2.5 
3.4 


TA = Tlow to Thigh 
- 
- 
4.2 
- 
- 
4.2 
Dual 
TA 
~ 
+2S·C 
- 
4.9 
6.0 
- 
4.9 
6.0 


T A ~ Tlow 
to Thigh 
- 
- 
7.5 
- 
- 
7.5 
Quad 
TA 
~ 
+2S·C 
- 
9.7 
11 
- 
9.7 
11 


TA 
= Tlow 
to Thioh 
- 
- 
13 
- 
- 
13 


NOTES: (CONTINUED) 
3. Tlow = 
- 55°Cfor MC350aO,A 
Tlow = Q"e for MC34080,A 
Thigh = 
+ 125"Cfor MC35080,A 
Thigh = 


MC35081,A 
MC34081,A 
MC35081,A 
MC35082,A 
MC34082,A 
MC35082,A 
MC35083,A 
MC34083,A 
MC35083,A 
MC35084,A 
MC34084,A 
MC35084,A 
MC35085,A 
MC34085,A 
MC35085,A 
4. 
See application 
information 
for typical 
changes 
in input 
offset 
voltage 
due to solderability 
and temperature 
cycling. 


5. 
Limits 
at TA 
= + 25"C are guaranteed 
by high 
temperature 
(Thigh) 
testing. 


+ 70 


Ge for 
MC340BO,A 
MC34081,A 
MC34082,A 
MC34083,A 
MC34084,A 
MC34085,A 


I 


A Suffix 
Non-Suffix 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Slew 
Rate 
(Yin 
~ 
·10Yto 
+10Y,RL 
~ 2.0k,CL 
~ 
100pF) 
SR 
Y/J1-s 
Compensated 
Ay 
~ 
+1.0 
20 
25 
- 
20 
25 
- 
Ay 
= 
-1.0 
- 
30 
- 
- 
30 
- 
Decompensated 
AV = 
+2.0 
40 
50 
- 
40 
50 
- 
Ay 
= 
-1.0 
- 
50 
- 
- 
50 
- 


Settling 
Time 
(10 Y Step, 
Ay 
= 
-1.0) 
ts 
J1-S 


To 0.10% 
(", ';' 
LSB 01 9·Bitsl 
- 
0.72 
- 
- 
0.72 
- 


To 0.01% 
(", ';' LSB 01 12-Bits) 
- 
1.6 
- 
- 
1.6 
- 


Gain 
Bandwidth 
Product 
(I = 200 kHz) 
GBW 
MHz 
Compensated 
6.0 
8.0 
- 
6.0 
8.0 
- 
Decompensated 
12 
16 
- 
12 
16 
- 


Power 
Bandwidth 
(RL 
~ 
2.0 k, YO 
~ 20 yp 
p' THO 
~ 5.0%) 
BWp 
kHz 
Compensated 
Ay 
= 
+ 1.0 
- 
400 
- 
- 
400 
- 


Decompensated 
AV = 
-1.0 
- 
800 
- 
- 
800 
- 


Phase Margin 
(Compensated) 
d>m 
Degrees 
RL 
= 2.0 k 
- 
55 
- 
- 
55 
- 
RL ~ 
2.0 k, CL ~ 
100 pF 
- 
39 
- 
- 
39 
- 


Gain Margin 
(Compensated) 
Am 
dB 


RL ~ 
2.0 k 
- 
7.6 
- 
- 
7.6 
- 
RL = 2.0 k, CL = 
100 pF 
- 
4.5 
- 
- 
4.5 
- 


Equivalent 
Input 
Noise Voltage 
en 
- 
30 
- 
- 
30 
- 
nYI 


RS 
~ 
100 n, I ~ 
1.0 kHz 
VHz 


Equivalent 
Input 
Noise Current 
(f = 
1.0 kHz) 
In 
- 
0-01 
- 
- 
0-01 
- 
pAi 
VHz 


Input 
Capacitance 
Ci 
- 
5.0 
- 
- 
5.0 
- 
pF 


Input 
Resistance 
rj 
- 
1012 
- 
- 
1012 
- 
n 


Total 
Harmonic 
Distortion 
THD 
- 
0.05 
- 
- 
0.05 
- 
% 


Ay 
~ 
+ 10, RL ~ 
2.0 k, 2.0 '" YO '" 20 Yo-o' 
I = 
10 kHz 


Channel 
Separation 
(I = 10 kHz) 
- 
- 
120 
- 
- 
120 
- 
dB 


Open-Loop 
Output 
Impedance 
(I ~ 
1.0 MHz) 
Zo 
- 
35 
- 
- 
35 
- 
n 
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o~ 
~-1.0 
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u 
>-~ 
~ 
0 
ci: 
-55 
¥ 
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versus 
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The bandwidth 
and slew rate of the MC34080 series 


is nearly double that of currently available general pur- 
pose JFET op-amps. 
This improvement 
in ac perfor- 


mance is due to the P-channel JFET differential 
input 
stage driving 
a compensated 
miller integration 
ampli- 


fier in conjunction 
with an all NPN output stage. 


The all NPN output 
stage offers unique advantages 
over the more conventional 
NPN/PNP transistor 
Class 
AB output stage. With a 10k load resistance, the op-amp 
can typically swing within 1.0V of the positive rail (Vccl. 
and within 0.3 volts of the negative rail (VEE), providing 
a 28.7 Vp - P swing from 
± 15 volt supplies. This large 
output swing becomes most noticeable at lower supply 
voltages. 
If the load resistance is referenced to VCC 
instead of ground, the maximum 
possible output swing 
can be achieved for a given supply voltage, 
For light 
load currents, the load resistance will pull the output to 
VCC during the positive swing and the NPN output tran- 
sistor will pull the output very near VEE during the neg- 
ative swing. The load resistance value should be much 
less than that of tHe feedback resistance to maximize 
pull-up capability. 


The all NPN transistor output stage is also inherently 
fast, contributing 
to the operational 
amplifier's 
high 
gain-bandwidth 
product and fast settling time, The as- 
sociated high frequency output impedance is 50 ohms 
(typical) at 8.0 MHz. This allows driving capacitive loads 
from 0 to 300 pF without 
oscillations 
over the military 
temperature 
range, and over the full range of output 
swing. The 55· phase margin and 7.6 dB gain margin 
as well as the general gain and phase characteristics 
are virtually 
independent 
of the 
sink/source 
output 
swing conditions. 
The high frequency characteristics of 
the MC34080 series is especially useful for active filter 
applications. 


The common 
mode input range is from 2.0 volts be- 
low the positive rail (Vcd to 4.0 volts above the neg- 


ative rail (VEE).The amplifier remains active if the inputs 
are biased at the positive 
rail. This may be useful for 
some applications in that single supply operation is pos- 
sible with a single negative supply. However, a degra- 
dation of offset voltage and voltage gain may result. 


Phase reversal does not occur if either the inverting 
or noninverting 
input 
(or both) exceeds the positive 
common 
mode limit. 
If either input (or both) exceeds 
the negative common 
mode limit, the output will be in 
the high state. The input stage also allows a differential 
up to ±44 volts, provided the maximum 
input voltage 
range is not exceeded. The supply voltage 
operating 
range is from 
± 5.0 V to ± 22 V. 


For optimum 
frequency 
performance 
and stability 
careful component 
placement and printed circuit board 
layout 
should 
be exercised. 
For example, 
long 
un- 
shielded input or output leads may result in unwanted 
input-output 
coupling. 
In order to reduce the input ca- 
pacitance, resistors connected to the input pins should 
be physically 
close to these pins. This not only mini- 
mizes the input pole for optimum 
frequency 
response, 


but also minimizes extraneous "pickuP" 
at this node. 
Supply decoupling 
with adequate capacitance close 
to the supply 
pin is also important, 
particularly 
over 
temperature, 
since many types of decoupling capacitors 
exhibit large impedance changes over temperature. 
Primarily 
due to the JFET inputs of the op amp, the 
input offset voltage 
may change due to temperature 
cycling 
and board 
soldering. 
After 
20 temperature 
cycles (- 55·C to 165·C), the typical standard deviation 
for input offset voltage 
is 559 /-LV and 473 /-LV 
in the 
plastic and ceramic packages respectively. With respect 
to board soldering (260·C, 10 seconds) the typical stan- 
dard deviation 
for input offset voltage 
is 525 /-LV and 
227 
/-LV in the plastic and ceramic package respectively. 


Socketed plastic or ceramic packaged devices should 
be used over a minimal temperature 
range for optimum 
input offset voltage performance. 


FIGURE 
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JFET INPUT OPERATIONAL AMPLIFIERS 


Quality bipolar 
fabrication 
with innovative 
design concepts are 


employed 
for the MC33181/2/4, MC34181/2/4, MC35181/2/4 series 
of monolithic 
operational 
amplifiers. 
This JFET input 
series 
of 
operational 
amplifiers 
operate 
at 210 J.LA per amplifier 
and offer 
4.0 MHz of gain bandwidth 
product 
and 10 V/J.LSslew rate. Pre- 


cision 
matching 
and an innovative 
trim 
technique 
of the single 
and dual versions 
provide 
low input offset voltages. 
With a JFET 
input 
stage, this series exhibits 
high input 
resistance, 
low input 
offset voltage 
and high gain. The all NPN output 
stage, charac- 


terized 
by no dead band 
crossover 
distortion 
and large 
output 
voltage 
swing, 
provides 
high capacitance 
drive capability, 
excel- 


lent phase and gain margins, 
low open-loop 
high frequency 
out- 


put 
impedance 
and 
symmetrical 
source/sink 
ac frequency 
response. 


The MC33181/2/4, MC34181/2/4, MC35181/2/4 series of devices 
are specified 
over the commercial, 
industrial/vehicular 
or military 
temperature 
ranges. The complete 
series of single, dual and quad 
operational 
amplifiers 
are available 
in the plastic and ceramic DIP 
as well as the SOIC surface mount 
packages. 


• 
Low Supply 
Current: 
210 J.LA (Per Amplifier) 


• 
Wide Supply 
Operating 
Range: 
± 1.5 V to ± 18 V 


• 
Wide Bandwidth: 
4.0 MHz 


• 
High Slew Rate: 10 V/J.LS 


• 
Low Input Offset Voltage: 
2.0 mV 


• 
Large Output 
Voltage 
Swing: 
-14 
V to + 14 V (with 
± 15 V 
Supplies) 


• 
Large Capacitance 
Drive Capability: 
0 to 500 pF 


• 
Low Total Harmonic 
Distortion: 
0.04% 


• 
Excellent 
Phase Margin: 
67" 


• 
Excellent 
Gain Margin: 
6.7 dB 


• 
Output 
Short Circuit Protection 


OpAmp 
Test Tempe,ature 
Function 
Device 
Range 
Package 


Single 
MC341S1P 
o to +70·C 
Plastic DIP 
MC341S1D 
o to +70·C 
SO·S 
MC331S1P 
-40 to +S5·C 
Plastic DIP 
MC331S1D 
-40 to +S5·C 
SO-S 
MC351S1U 
- 55 to + 125·C 
Ceramic DIP 


Dual 
MC341S2P 
o to + 70·C 
Plastic DIP 
MC341S2D 
o to +70·C 
SO-S 
MC331S2P 
-40 to +S5·C 
Plastic DIP 
MC331S2D 
-40 to +S5·C 
SO-S 


MC351S2U 
-55 to + 125·C 
Ceramic DIP 


Quad 
MC34184P 
o to +70·C 
Plastic DIP 
MC34184D 
o to + 70·C 
50-14 
MC33184P 
-40 to +S5·C 
Plastic DIP 
MC33184D 
-40 to +S5·C 
50-14 
MC35184L 
-55 to + 125·C 
Ceramic DIP 


MC34181,2,4 
MC35181,2,4 
MC33181,2,4 


lOW 
POWER 
JFET INPUT 
OPERATIONAL 
AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUITS 


P SUFFIX 
PLASTICPACKAGE 
CASE626-05 


U SUFFIX 


CERAMICPACKAGE 


CASE693-02 
o SUFFIX 
PLASTICPACKAGE 
CASE751-02 


SO-S 


P SUFFIX 
PLASTICPACKAGE 
CASE646-06 


L SUFFIX 
CERAMICPACKAGE 
CASE632-0S 


o SUFFIX 
PLASTICPACKAGE 
CASE751A-02 


50-14 


II 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
(from 
VCC to VEEI 
Vs 
+36 
Volts 


Input 
Differential 
Voltage 
Range 
VIDR 
Note 
1 
Volts 


Input 
Voltage 
Range 
VIR 
Note 
1 
Volts 


Output 
Short-Circuit 
Duration 
INote 
2) 
ts 
Indefinite 
Seconds 


Operating 
Junction 
Temperature 
TJ 
°c 
Ceramic 
Package 
+160 
Plastic 
Package 
+150 


Storage 
Temperature 
Range 
Tstg 
°c 
Ceramic 
Package 
- 65 to 
+ 160 
Plastic 
Package 
-60to 
+150 


NOTES: 
1. Either or both input voltages must not exceed the magnitude of VCC or VEE. 
2. Power dissipation must be considered to ensure maximum junction temperature (TJ) is not exceeded (see Figure 1). 


5 
~ 
Null 
Offsets 


MC3X181 
(Single) 
Only 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS 
~ 
50 n, Vo 
~ 
0 VI 
VIO 
mV 


Single 
TA 
~ 
+25°C 
- 
0.5 
2.0 


TA = O°C to 
+ 70°C (MC34181) 
- 
- 
3.0 


TA 
~ 
-40°C 
to 
+ 85°C (MC33181) 
- 
- 
3.5 


TA 
= 
-55°C 
to 
+ 125°C (MC35181) 
- 
- 
4.5 


Dual 
TA 
~ 
+25°C 
- 
1.0 
3.0 


TA 
= O°C to 
+ 70°C (MC341821 
- 
- 
4.0 


TA 
= 
-40°C 
to 
+ 85°C (MC33182) 
- 
- 
4.5 


TA 
= 
-55°C 
to 
+ 125°C (MC351821 
- 
- 
5.5 


Quad 
TA 
~ 
+25°C 
- 
4.0 
10 


TA 
~ 
O°C to 
+ 70°C (MC341841 
- 
- 
11 


TA 
= 
-40°C 
to 
+ 85°C (MC33184) 
- 
- 
11.5 


TA 
= 
-55°C 
to 
+ 125°C (MC351841 
- 
- 
12.5 


Average 
Temperature 
Coefficient 
of VIO (RS = 50 n, 
Vo 
~ 
0 V) 
t.VloJt.T 
- 
10 
- 
p'vrc 


Input 
Offset 
Current 
(VCM 
= 0 V, Vo 
= 0 VI 
110 
nA 


TA 
~ 
+25°C 
- 
0.001 
0.05 


TA = O°C to 
+ 70°C 
- 
- 
1.0 


TA 
~ 
-40°C 
to 
+85°C 
- 
- 
2.0 


TA 
= 
-55°C 
to 
+ 125°C 
- 
- 
13 


Input 
8ias 
Current 
(VCM 
~ 0 V, Vo 
= 0 VI 
lIB 
nA 


TA 
= 
+25°C 
- 
0.003 
0.1 


TA 
= O°C to 
+70°C 
- 
- 
2.0 


TA 
~ 
-40°C 
to 
+85°C 
- 
- 
4.0 
TA 
= 
-55°C 
to 
+ 125°C 
- 
- 
25 


Input 
Common 
Mode 
Voltage 
Range 
VICR 
(VEE + 4.0 VI to (VCC - 
2.0 VI 
V 


Large 
Signal 
Voltage 
Gain 
(RL = 10 kn, 
Vo 
= 
±10V) 
AVOL 
V/mV 


TA 
= 
+25°C 
25 
60 
- 


TA 
= Tlow 
to Thioh 
15 
- 
- 


Output 
Voltage 
Swing 
(VID = 1.0 V, RL = 10 knl 
VO+ 
+13.5 
+14 
- 
V 


TA 
= 
+25°C 
VO- 
- 
-14 
-13.5 


Common 
Mode 
Rejection 
(RS = 50 n, 
VCM 
~ 
VICR, Vo 
~ 
0 V) 
CMR 
70 
86 
- 
dB 


Power 
Supply 
Rejection 
(RS = 50 n, VCM 
= 0 V, Vo 
= 0 VI 
PSR 
70 
84 
- 
dB 


Output 
Short 
Circuit 
Current 
(VID 
~ 
1.0 V, Output 
to Ground) 
ISC 
mA 
Source 
3.0 
8.0 
- 


Sink 
8.0 
11 
- 


Power 
Supply 
Current 
(No 
Load, 
Vo 
~ 
0 VI 
10 
p.A 


Single 


TA 
= 
+25°C 
- 
210 
250 


TA 
= Tlow 
to Thigh 
- 
- 
250 
Dual 
TA 
~ 
+25°C 
- 
420 
500 


TA = Tlow 
to Thigh 
- 
- 
500 
Quad 
TA 
~ 
+25°C 
- 
840 
1000 


TA 
= Tlow 
to Thioh 
- 
- 
1000 


II 


II 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Slew 
Rate (Vin = 
-10Vto 
+10V,RL 
= 10kn,cL 
= 100 pF) 
SR 
Vlp.s 


AV = 
+ 1.0 
7.0 
10 
- 


AV = 
-1.0 
- 
10 
- 


Set1ling 
Time 
(AV = 
-1.0, 
RL = 10 kn, Vo = 0 V to 
+ 10 V Step) 
ts 
p.s 


To Within 
0.10% 
- 
1.1 
- 


To Within 
0.01% 
- 
1.5 
- 


Gain 
Bandwidth 
Product 
(I = 100 kHz) 
GBW 
3.0 
4.0 
- 
MHz 


Power 
Bandwidth 
(AV = 
+1.0, 
RL = 10'kn, 
Vo = 20 Vo-o, 
THO = 5%1 
BWo 
- 
200 
- 
kHz 


Phase Margin 
(-10 
V < Vo < + 10 VI 
l2lm 
Degrees 


RL = 10 kn 
- 
67 
- 
RL = 10 kn, CL = 100 pF 
- 
34 
- 


Gain 
Margin 
(-10 
V < Vo < + 10 V) 
Am 
dB 


RL = 10 kn 
- 
6.7 
- 
RL = 10 kn, CL = 100 pF 
- 
3.4 
- 


Equivalent 
Input Noise Voltage 
en 
- 
38 
- 
nVIYHz 


RS = 100 n, I = 1.0 kHz 


Equivalent 
Input 
Noise 
Current 
in 
- 
0.01 
- 
pAlYHz 
I = 1.0 kHz 


Differential 
Input 
Capacitance 
Ci 
- 
3.0 
- 
pF 


Differential 
Input 
Resistance 
Ri 
- 
1012 
- 
n 


Total 
Harmonic 
Distortion 
THO 
- 
0.04 
- 
% 


AV = 10, RL = 10 kn, 
2 Vo-o < Vo < 20 Vo-o' 
I = 10 kHz 


Channel 
Separation 
(RL = 10 kn, 
-10 
V < Vo < + 10 V, 0 Hz < I < 10 kHzl 
- 
- 
120 
- 
dB 


Open-Loop 
Output 
Impedance 
1201 
- 
200 
- 
n 
(I = 1.0 MHz) 


20 
40 
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80 
100 
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II 


Temperature 
Range 


o to 70"C 
o to 70"C 
o to 70"C 
Oto 70"C 


-55to 
+125°C 


-55 
to +125°C 


Package 


SO-I' 


Plastic 
DIP 


Metal 
Can 


Ceramic 
DIP 
Metal 
Can 


Ceramic 
DIP 


NE592D 
NE592N 
NE592H 
NE592F 
SE592H 
SE592F 


The SE/NE592 
is a monolithic, 
two stage, differential 
output, 


wideband video amplifier. 
It offers fixed gains of 100 and 400 with- 


out external components and adjustable gains from 400 to 0 with 
one external resistor, The input stage has been designed so that with 
the addition 
of a few external reactive elements between the 9ain 


select terminals, the circuit can function as a high pass,low pass,or 
band passfilter_ This feature makesthe circuit ideal for use asa video 
or pulse amplifier 
in communications, 
magnetic memories, display 
and video recorder systems. The 592 is a pin-far-pin replacement for 
the MC1733. 


Input 2 


Input 1 


G'A 


G1B 


50 
50 


G2A 


G2B 


NE592 
SE592 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


H SUFFIX 
METAL 
PACKAGE 
CASE 
603-04 


G 1 B Gain 
Select 


(Top View) 


..- ..• 


F SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-10 


1'#' 
1 


N SUFFIX 
PLASTIC 
PACKAGE 


CASE 
646-06 


D SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751A-02 


SO-14 


G2B 
Gain 
3 


Select 


G1B 
Gain 
4 


Select 


G2A 
Gain 
Select 


G'A 
Gain 
Select 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
+8.0 
Volts 


VEE 
-8.0 


Differential Input Voltages 
VID 
±5.0 
Volts 


Common-Mode Input Voltage 
VIC 
±6.0 
Volts 


Output Current 
10 
10 
mA 


Operating Ambient Temperature Range 
TA 


SE592 
-55 to +125 
°c 
NE592 
o to +70 


Operating Junction Temperature Range 
TJ 
°c 


Metal and Ceramic Packages 
175 
Plastic Package 
150 


Storage Temperature Range 
Tstg 
°c 
Metal and Ceramic Packagee 
-65 to +150 


Plastic Package 
-55 to +125 


SE592 
NE592 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


Differential 
Voltage Gain - 
Figure 3 
Avd 
VIV 


IAL = 2 kn, 
.out 
= 3 Vp-p) 
(Gain 1, Note 1) 
300 
400 
500 
250 
400 
600 
(Gain 2, Note 2) 
90 
100 
'10 
80 
100 
120 


Bandwidth - 
Figure 3 
BW 
MHz 


(Gain 1, Note 1I 
- 
40 
- 
- 
40 
- 


(Gain 1, Note 2) 
- 
90 
- 
- 
90 
- 


Rise Time - 
Figure 3 
ns 


(Gain 1, eOut '" 1 Vp-p, Note 1I 
tTLH 
- 
10.5 
- 
- 
10.5 
- 


(Gain 2, eout '" 1 Vp-p, Note 2) 
tTHL 
- 
4.5 
10 
- 
4.5 
12 


Propagation Delay - 
Figure 3 
ns 


(Gain 1, eout '" 1 Vp·p, Note 1I 
tPLH 
- 
7.5 
- 
.- 
7.5 
- 


(Gain 2, eout '" 1 Vp-p, Note 2) 
tpHL 
- 
6.0 
10 
- 
6.0 
10 


Input Resistance 
Rin 
kn 


(Gain 1, Note 1) 
- 
4.0 
- 
- 
4.0 
- 


(Gain 2, Note 2) 
20 
30 
- 
10 
30 
- 


Input Capacitance 


(Gain 2, Note 2) 
Cin 
- 
2.0 
- 
- 
2.0 
- 
pF 


Input Offset Current (Gain 3, Note 31- 
Fig. 2 
110 
- 
0.4 
3.0 
- 
0.4 
5.0 
~A 


Input Bias Current (Gain 3, Note 3)- 
Fig. 2 
liB 
- 
9.0 
20 
- 
9.0 
30 
~A 


Input Noise Voltage (Gain 1 and Gain 2) 
Vn 
- 
12 
- 
- 
12 
- 
j.lV(rms) 
(BW'" 1 kHz to 10 MHz) - 
Figure 1 


Input Voltage Range (Gain 2, Note 2)- 
Fig. 3 
Vin 
±1.0 
- 
- 
± 1.0 
- 
- 
V 


Common-Mode Rejection Ratio - 
Figure 3 
CMRA 
dB 


(Gain 2, VCM '" ± 1 V, f:::;;;;1()0 kHz) 
60 
86 
- 
60 
86 
- 


IGa;n 2, VCM = ± 1 V, f = 5 MHz) 
- 
60 
- 
- 
60 
- 


Supply Voltage Rejection Ratio - 
Figure 2 
PSRR 
dB 


(Gain 2, 6 V s = ±J.5 
VI 
50 
70 
- 
50 
70 
- 


Output Offset Voltage - 
Figure 2; 
VOO 
V 
(Gain 3, RL 
= 00, Note 3) 
- 
0.35 
0.75 
- 
0.35 
0.75 


Output Common·Mode Voltage - 
Figure 2 
VCMO 
V 


IAL = -. 
Ga;n 3. Not. 
3) 
2.4 
2.9 
3.4 
2.4 
2.9 
3.4 


Output Voltage Swing - 
Figure 3 
Vo 
Vp-p 


IA L = 2k. Ga;n 2. Not. 
2) 
3.0 
4.0 
- 
3.0 
4.0 
- 


Output Resistance 
'0 
- 
20 
- 
- 
20 
- 
n 


Power Supply Current - 
Figure 2 
ID 
mA 
IAL 
= -. 
Ga;n 2. Not. 
2) 
- 
18 
24 
- 
18 
24 


Note 1. 


Note 2. 


Note 3. 


Gain select pins G1A and G1B connected together. 


Gain select pins G2A and G2B connected together. 


All gain select pins open. 


Input Resistance (Gain 2) 
Rin 
8.0 
- 
- 
8.0 
- 
- 
kn 


Input Offset Current 
(Gain 3) - 
Figure 2 
hlOI 
- 
- 
5.0 
- 
- 
6.0 
~A 


Input Bias Current 
(Gain 3) - 
Figure 2 
118 
- 
- 
40 
- 
- 
40 
~A 


Input Voltage Range (Gain 2) - 
Figure 3 
Vin 
,1.0 
- 
- 
".0 
- 
- 
V 


Common-Mode 
Rejection 
Ratio - 
Figure 3 
CMRR 
50 
- 
- 
50 
- 
- 
dB 


(Gain 2, VCM: 
'1 
V, 1<; 100 kHz) 


Supply Voltage 
Rejection 
Ratio - 
Figure 2 
PSRR 
50 
- 
- 
50 
- 
- 
dB 


(Gain 2,li 
Vs = ±O.5 VI 


Output 
Offset Voltage 
(Gain 3) - 
Figure 2 
VOO 
- 
- 
1.2 
- 
- 
1.5 
V 


Output 
Voltage Swing (Gain 2) - 
Figure 3 
Va 
2.5 
- 
- 
2.5 
- 
- 
VP1> 


Power Supply Current 
(Gain 2) - 
Figure 2 
10 
- 
- 
27 
- 
- 
27 
mA 


'Tlow 
= OOClor NE592, -55°C 
for SE592 
Thigh = +70oC lor NE592, +1250C for SE592 
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ULTRA-LOW NOISE PRECISION, HIGH SPEED 
OPERATIONAL AMPLIFIER 


The OP-27 series of monolithic 
operational 
amplifiers 
combine 
low-noise, 
precision 
dc performance 
and high bandwidth 
in one 


device. Advanced 
Bipolar processing 
and innovative 
design tech- 


niques are used to produce this low noise precision 
operational 
amplifier. 
This device is trimmed 
for extremely 
low initial 
input 


offset voltage 
by utilizing 
a highly 
stable and reliable zener zap 
technique 
during factory testing which yields guaranteed 
VIO lim- 
its as tight 
as 25 !J-V.A unique 
input 
bias current 
cancellation 


scheme maintains 
low liB and 110 to typically 
± 20 nA and 15 nA 
respectively 
over 
the full 
military 
temperature 
range. 
Other 
sources of input errors are reduced in excess of -120 
dB due to 
extremely 
high common-mode 
and power supply rejection ratios. 


The OP-27 has a gain bandwidth 
product 
of 8.0 MHz and slew 
rate of 2.8 V/!J-s. 


The precision, 
low noise and high speed characteristics 
of this 
device 
makes 
it ideal for 
amplifying 
transducer 
signals, 
RIAA 
phono, NAB tape head and microphone 
preamplifiers, 
wide band 
instrumentation 
amplifiers 
and high speed signal conditioning 
for 
data acquisition 
systems. 


• 
Extremely 
Low-Noise 
- 
3.0 nV/v'RZ at 1.0 kHz 
80 nVp-p, 0.1 Hz to 10Hz 


• 
Low Initial Input Offset Voltage - 
10!J-V 


• 
Ultra Stable Input Offset Voltage - 
0.2 !J-V/mo. 


• 
High Gain Bandwidth 
Product and High Slew Rate - 
8.0 MHz, 


2.8 
V/!J-s 


• 
High Open-Loop 
Gain - 
1.8 Million 


• 
High Common-Mode 
Rejection - 
126 dB 


ULTRA-LOW 
NOISE 
PRECISION, 
HIGH SPEED 
OPERATIONAL 
AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTICPACKAGE 
CASE626-05 


Z SUFFIX 
CERAMICPACKAGE 
CASE693-02 


Offset Null 


VCC 


Output 


N.C. 


Offset Null 


Invt Input 


Noninvt 
Input 


Device 
Temperature 
Slew 
Rate 
VIO" 25!J-V 
VIO" 60,.V 
VIO" 100 ,.V 
Range 
Package 


OP-27AZ 
OP-27BZ 
OP-27CZ 
-55 to + 125'C 
Ceramic DIP 


"" 1.7VI,.s 
OP-27EZ 
OP-27FZ 
OP-27GZ 
-25 to +85'C 
Ceramic DIP 


OP-27EP 
OP-27FP 
OP-27GP 
o to +700C 
Plastic DIP 


• 


II 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
+22 
V 


VEE 
-22 


Input 
Voltage 
Range 
(Note 
1) 
VI DR 
",22 
V 


Differential 
Input 
Voltage 
(Note 
2) 
VID 
"'0.7 
V 


Differential 
Input 
Current 
(Note 
21 
lID 
"'25 
mA 


Output 
Short-Circuit 
Duration 
ts 
Indefinite 


Power 
Dissipation 
and Thermal 
Characteristics 


Plastic 
Package 
(P Suffix 
1 TA = 
+ 36'C 
PD 
500 
mW 


Derate 
above 
TA = 
+ 75'C 
1/ROJA 
6.7 
mWFC 


Ceramic 
Package 
(Z Suffix 
1 TA = 
+75'C 
PD 
500 
mW 


Derate 
above 
T A = 
+ BO°C 
1/ROJA 
7.1 
mWFC 


Operating 
Ambient 
Temperature 
TA 
'c 
A,B and 
C Grades 
-55 
to 
+ 125 


E,F and 
G Grades 


(Ceramic 
Packagel 
-25to 
+85 


EP, FP and 
GP Grades 
(Plastic 
Packagel 
o to 
+ 70 


Junction 
Temperature 
TJ 
+150 
'c 


Storage 
Temperature 
Range 
Tstg 
'c 
Ceramic 
Package 
-65 
to 
+150 


Plastic 
Package 
- 65 to 
+ 125 


NOTES: 


1. 
For supply 
voltages 
less than 
= 22 V, the 
absolute 
maximum 
input 
voltage 
range 
is equal 


to the 
supply 
voltage. 


2. 
The 
inputs 
are 
protected 
by 
back-fa-back 
diodes. 
Current 
limiting 
resistors 
are 
not 
used 


in order 
to achieve 
low 
noise. If differential 
input 
voltage 
exceeds 
=0.7 
V. the input 
current 


must 
be 
limited 
to 25 mA. 


OP·27 A/ElEP 
Op·27B/F/FP 
Op·27C/G/GP 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
VIO 
- 
10 
25 
- 
20 
60 
- 
30 
100 
.,.V 


Long 
Term 
Input 
Offset 
Voltage 
VIOt 
- 
02 
1.0 
- 
03 
1.5 
- 
0.4 
2.0 
JJ.V/mo 


Stability 
(Note 
3) 


Input 
Offset 
Current 
110 
- 
7.0 
35 
- 
90 
50 
- 
12 
75 
nA 


Input 
Bias Current 
liB 
- 
"'10 
",40 
- 
",12 
",55 
- 
",15 
",80 
nA 


Input 
Noise 
Voltage 
0.1 to 10Hz 
enp·p 
- 
0.08 
0.18 
- 
0.08 
0.18 
- 
0.09 
0.25 
.,.Vp_p 
(Note 
41 


Input 
Noise 
Voltage 
Density 
en 
nV/VHz 


fa = 
10 Hz 
- 
3.5 
5.5 
- 
3.5 
55 
- 
3.8 
8.0 


fa = 30 Hz 
- 
3.1 
4.5 
- 
3.1 
4.5 
- 
3.3 
5.6 
fa = 1000 Hz 
- 
30 
38 
- 
3.0 
3.8 
- 
32 
4.5 
INote 
4) 


Input 
Noise 
Current 
Density 
in 
pA/\ 
Hz 
fa = 10 Hz 
- 
1.7 
4.0 
- 
1.7 
4.0 
- 
1.7 
- 


fa = 30 Hz 
- 
1.0 
2.3 
- 
1.0 
2.3 
- 
1.0 
- 


fa = 1000 Hz 
- 
0.4 
0.6 
- 
0.4 
0.6 
- 
0.4 
0.6 
(Note 
41 


Input 
Resistance 
- 
Differential 
ri 
1.5 
6.0 
- 
1.2 
5.0 
- 
0.8 
4.0 
- 
MO 
Mode 


Input 
Resistance 
- 
Common 
Mode 
Rincm 
- 
3.0 
- 
- 
2.5 
- 
- 
2.0 
- 
GO 


Input 
Voltage 
Range 
VIR 
=11.0 
= 12.3 
- 
= 11.0 
'" 12.3 
- 
=11.0 
'" 12.3 
- 
V 


OP-27 A/EJEP 
OP-27B/F/FP 
OP-27C/G/GP 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Common 
Mode 
Rejection 
Ratio 
CMRR 
114 
126 
- 
106 
123 
- 
100 
120 
- 
dB 


VCM 
~ 
= 11 V 


Power 
Supply 
Rejection 
Ratio 
PSRR 
100 
120 
- 
100 
120 
- 
94 
114 
- 
dB 


VCC'VEE 
: 
=4.0Vto 
=18V 


Large-Signal 
Voltage 
Gain 
AVOL 
V/mV 


RL " 
2.0 kll, 
Vo 
~ 
c 10 V 
1000 
1800 
i 
- 
1000 
1800 
- 
700 
1500 
- 


RL " 
1.0 kll, 
Vo 
= 
;:-10 V 
800 
1500 I - 
800 
1500 
- 
- 
1500 
- 


RL : 
600 ll, 
Vo 
~ 
= 1.0 V, 


VCC'VEE 
= 
=4.0Vto 
=18V 
- 
700 
- 
- 
700 
- 
- 
500 
- 


Output 
Voltage 
Swing 
Vo 
V 


RL '" 2.0 kll 
;:-12 
;:- 13.8 
- 
,-12 
;:-13.8 
- 
= 11.5 
=13.5 
- 


RL " 
600 II 
;:-10 
= 11.5 
- 
=10 
;:-11.5 
- 
=10 
=11.5 
- 


Slew 
Rate, 
RL ~ 2.0 kll 
SR 
1.7 
2.8 
- 
1.7 
2.8 
- 
1.7 
2.8 
- 
V/~s 


Gain Bandwidth 
Product 
GBW 
5.0 
8.0 
- 
5.0 
8.0 
- 
5.0 
80 
- 
MHz 


Open Loop Output 
Resistance 
ro 
- 
70 
- 
- 
70 
- 
- 
70 
- 
n 


Vo 
: 
0,10 
0 


Power 
Dissipation 
PD 
- 
90 
140 
- 
90 
140 
- 
100 
170 
mW 


Vo 
= 0, No Load 


Offset Adjustment 
Range 
- 
=4.0 
- 
- 
=4.0 
- 
- 
=4.0 
- 
mV 


Rp: 
10 kll 


NOTES 
(continuedl 


3. 
Long 
term 
input 
offset 
voltage 
stab·llty for the OP-27 series. 
refers 
to the average 
trend 
line of VIO versus 
time 
over 
extended 
periods 
after 
the 


first 
30 days 
of operatIon. 
Excluding 
the fIrst 
hour 
of operation, 
changes 
in VIO during 
the first 
30 days 
are typically 
2.5 IJ.V. 


4. 
Sample 
tested. 


OP-27A 
OP-27B 
OP-27C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
VIO 
- 
30 
60 
- 
50 
200 
- 
70 
300 
~V 


Average 
Input 
Offset 
Orift 
TCVIO 
- 
0.2 
0.6 
- 
0.3 
1.3 
- 
0.4 
1.8 
~vrc 
INote 
61 


Input 
Offset Current 
110 
- 
15 
50 
- 
22 
85 
- 
30 
135 
nA 


Input 
Bias Current 
lIB 
- 
"'20 
=60 
- 
"'28 
",95 
- 
=35 
'" 150 
nA 


Input 
Voltage 
Range 
VIR 
'" 10.3 
'" 11.5 
- 
'" 10.3 
'" 11.5 
- 
=10.2 
= 11.5 
- 
V 


Common 
Mode 
Rejection 
Ratio 
CMRR 
108 
122 
- 
100 
119 
- 
94 
116 
- 
dB 


VCM 
~ 
'" 10 V 


Power 
Supply 
Rejection 
Ratio 
PSRR 
96 
114 
- 
94 
114 
- 
86 
108 
- 
dB 
VCCNEE: 
'" 4.5 V to 
'" 18 V 


Large-Signal 
Voltage 
Gain 
AVOL 
600 
1200 
- 
500 
1000 
- 
300 
800 
- 
VlmV 


RL" 
2 kl1, Vo 
: 
'" 10 V 


Output 
Voltage 
Swing 
Vo 
'" 11.5 
'" 13.5 
- 
'" 11.0 
'" 13.2 
- 
'" 10.5 
'" 13.0 
- 
V 
RL" 
2 kn 


OP-27E1EP 
OP-27F/FP 
OP-27G/GP 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
VIO 
- 
20 
50 
- 
40 
140 
- 
55 
220 
••V 


Average 
Input 
Offset 
Drift 
TCVIO 
- 
0.2 
0.6 
- 
0.3 
1.3 
- 
0.4 
1.8 
••vrc 
(Note 
6) 


Input 
Offset 
Current 
110 
- 
10 
50 
- 
14 
85 
- 
20 
135 
nA 


Input 
Bias Current 
liB 
- 
=:14 
±60 
- 
±18 
±95 
- 
±25 
±150 
nA 


Input 
Voltage 
Range 
VIR 
±10.5 
±11.8 
- 
± 10.5 
±11.8 
- 
±10.5 
±11.8 
- 
V 


Common 
Mode 
Rejection 
Ratio 
CMRR 
110 
124 
- 
102 
121 
- 
96 
118 
- 
dB 
VCM 
~ 
±10V 


Power 
Supply 
Rejection 
Ratio 
PSRR 
97 
114 
- 
96 
114 
- 
90 
114 
- 
dB 
VCCNEE 
~ 
±4.5Vto 
±18V 


Large-Signal 
Voltage 
Gain 
AVOL 
750 
1500 
- 
700 
1300 
- 
450 
1000 
- 
V/mV 


RL'" 
2.0 kl1, Vo 
~ 
± 10 V 


Output 
Voltage 
Swing 
Vo 
± 11.7 
±13.6 
- 
±11.4 
±13.5 
- 
±11 
±13.3 
- 
V 


RL '" 2.0 kl1 


NOTES 
(continued) 


5. Tlow 
= 
- 55°C for OP-27A 


OP-27B 
OP-27C 


- 25°C 
for 
OP-27E 
OP-27F 
OP-27G 
QOC 
for OP-27EP 
OP-27FP 
OP·27GP 


+ 125°C for OP-27A 


OP·27B 
OP-27C 


+ 85°C 
for OP-27E 


OP-27F 
OP-27G 


+ 700C 
for 
OP·27EP 
OP-27FP 
OP·27GP 


Non- 
Inverting 
Input 
1+) 


·Rl 
& R2 are trimmed 


at wafer test for minimum 
offset voltage. 
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t. TIME1500ns DlVI 


AV = 
+ 1.0 
VEE ~ 
-15 V 


TA = 
+15"C 
Cl ~ 15pF 


VCC = 
+ 15 V 
Rl ~ x 


t. TIME11.0I'~DIV' 


AV= 
+1.0 
VEE~ 
-15V 


TA=+15°C 
Cl~11pF 
VCC = 
+ 15 V 
Rl ~ 
x 


The designer 
is cautioned 
that stray thermoelectric 
voltages generated by dissimilar 
metals at the contacts 
to the input terminals can prevent realization of the drift 
performance 
indicated. Best operation will be obtained 
when both input contacts are maintained 
at the same 
temperature. 
preferably close to the temperature 
of the 
device's package. 


The input offset voltage 
and drift over temperature 


are permanently trimmed at wafer testing. However, if 
further 
adjustment 
of '110 is required, 
nulling 
with 
a 
10 kfl 
potentiometer 
as shown 
in Figure 22 will 
not 
degrade TCVIO. Other potentiometer 
values from 1.0 kfl 


to 1.0 Mfl can be used with a slight degradation 
(0.1 to 
0.2 jJ.VrCI of TCVIO. Trimming 
to a value other than 
zero creates a drift 
of ('110/300) jJ.vrc, 
e.g. if '110 is 


adjusted to 100 1''1, the change in TCVIO will 
be 0.33 
I'vrc. 
The offset voltage adjustment 
range with a 10 kfl 


potentiometer 
is :;:4.0 mV. If a smaller adjustment 
range 


is required, the sensitivity 
and/or resolution 
of the null- 


ing can be increased 
by using a smaller 
pot in con- 
junction 
with fixed resistors. 


The extremely 
low noise of these devices can make 


accurate measurement 
a difficult task. In order to realize 
the 80 nV peak-to-peak noise specification 
of the op amp 
in the 0.1 Hz to 10 Hz frequency 
range, the following 
guidelines 
must be observed: 


(11 The device has to be warmed 
up for at least five 


minutes. As the op amp warms up, its offset voltage 
changes typically 4.0 jJ.Vdue to its chip temperature 
increasing 
14 to 20°C from the moment 
the power 
supplies are turned on. In the 10 sec measurement 
interval these temperature-induced 
effects can eas- 


ily exceed tens of nanovolts. 


(2) For similar 
reasons, 
the 
device 
has to 
be well 
shielded 
from 
air currents 
to eliminate 
the possi- 


bility of thermoelectric 
effects in excess of several 
nanovolts. 


(3) Sudden 
motion 
in the vicinity 
of the device can 
also "feed-through" 
to increase the observed noise. 


(41 The test time 
to measure 
0.1 Hz to 10 Hz noise 


should 
not exceed 10 sec. As shown 
in the noise 
tester frequency 
response curve (Figure 1) the 0.1 
Hz corner is defined by only one zero. The test time 
of 10sec acts as an additional zero to eliminate noise 
contributions 
from 
the frequency 
band below 0.1 
Hz. 


A noise-voltage 
density test is recommended 
when 
measuring 
noise on a large number of units. A 10 Hz 
noise-voltage 
density measurement 
will correlate well 
with a 0.1 Hz-to-lO Hz peak-to-peak noise reading since 
both results are determined 
by the white noise and the 
location of the llf corner frequency. 


When RF '" 100 n and the input is driven with a fast. 


large signal pulse (> 1.0 V), the output waveform 
will 
look as shown in Figure 23. 


During the initial fast input step, the input protection 
diodes effectively short the output to the input and cur- 
rent limit only by the output short circuit protection 
of 


the op amp and the source resistance of the generator. 
With RF '" 500 n, the output is capable of handling the 
current requirements 
(lL '" 20 mA at 10V) and the ampli- 
fier stays in its active mode and a smooth transition 
will 
occur. 


As with all operational 
amplifiers 
when RF > 2.0 kn, 


a pole will be created with RF and the amplifier's 
input 


capacitance (8.0 pF). creating additional 
phase shift and 
reducing the phase margin. A small capacitor (20 to 50 
pF) in parallel with RF will eliminate 
this problem. 


~ 
MOTOROLA 
D 
I 
Advance Information 


The 
TCA0372 
is a monolithic 
circuit, 
intended 
for 
use as a power 
operational 
amplifier 
in a wide 
range 
of applications 
including 
servo 
amplifiers 
and 
power 
supplies. 
No 
deadband 
cross-over 
distortion 
provides 
better 
performance 
for coil driving. 


• 
Output 
current 
to 1 A. 


• 
Slew 
rate of 1.3 V/floS. 


• 
Wide 
bandwidth 
1.1 MHz. 


• 
Thermal 
shutdown. 


• 
Single 
or split supply 
operation. 


• 
Excellent 
gain and phase margins. 


• 
Common 
mode 
input 
includes 
ground. 


• 
Zero deadband 
cross-over 
distortion. 


Device 


TCA0372DP1 
TCA0372DP2 
TCA0372SP 


Temperllture 
Range 


Tj = -40°C to + 125°C 
Tj = -4Q0Cto + 125°C 
Tj = -40°C to +'2SoC 


Package 


DIP 8 pins plastic 
DIP 16 pins plastic 
Single-in-Iine 


TCA0372 


DUAL POWER 
OPERATIONAL 
AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


DP1SUFRX 
PLASTIC 
PACKAGE 
CASE 626-ll4 


OutputAmsl 
In 
A 
VCC 
2 
7 
puts 


OutputS 3 
S 
InpulsS 
VEE/GND 
• 
51 


(Top view) 


OutputA 
1 


VCC 
2 
OutputS 


VEE/GND 


Inputs 
B I 
5 


InputsA I : 


1 
GNO 


, 
GNO 


1 
GND 


DP2SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-06 


SPSUFFIX 
PLASTIC 
MEDIUM 
POWER 
PACKAGE 
CASE 762-01 


RetI"lI 
Symbol 
v•.••• 
Unit 


Supply voltage (from VCCto VEE) 
Vs 
40 
V 


Input differential 
voltage .ange 
V,DR 
Note 1 
V 


Input voltage range 
V'R 
Note 1 
V 


Opereting junction temperature 
Plastic package 
TJ 
+125 
"C 


Storage temperature 
range 
Plastic peckage 
TSTG 
-55 to +125 
"C 


DC output current 
10 
1.0 
A 


Peak output cu.rent (non repetitive) 
'MAX 
1.5 
A 


Not. 
1. Either or both input voltages must not exceed the magnitude ofVCC or VEE. 
2. Power dissipation must be considered to ensure maximum junction temperature (TJ) is not exceeded. 


DC ELECTRICAlCHARACTERIST1CS(YCC 
= +15Y, 
RL connected 
to ground, 
TJ = Tlowto 
Thigh 
[Note 
3] 
unless otherwise 
noted). 


Charactaristlc 
Symbol 
Min 
Typ 
Max 
Unit 


Input offset voltage (VCM = 0) 
Via 
mV 


Vcc = +15V, VEE = -15V, TJ ~ +25"C 
3.0 
15 


Vcc = +15V, VEE = -15V, TJ ~ TlowtoThiah 
20 


Average temperature 
coefficient of offset voltage 
6V,0/6T 
20 
fJ.V/"C 


Input bias current (VCM = 0) 
"B 
100 
500 
nA 


Input offset current (VCM = 0) 
'10 
10 
50 
nA 


Large signal voltage gain 
Vo = ±10 V, RL = 2.0 K 
AVOL 
30 
100 
V/mV 


Output voltage swing 'L = 100 mA 
VOH 
V 


VCC= 
+15V,VEE=-15V,T= 
+25"C 
14 
14.2 


VCC = +15V. VEE = -15V, T= Tlow to Thigh 
13.9 


VOL 
V 


VCC = +15V, VEE = -15V, T~ 
+25"C 
-14.2 
-14 


VCC = +15V. VEE = -15V. T ~ Tlowto Thiah 
-13.9 


Output voltage swing 'L = 1A 
VOH 
V 
VCC = +24 V, VEE = OV. TJ = +25"C 
22.5 
22.7 


VCC = +24 V, VEE = OV, TJ = Tlow to Thigh 
22.5 


VOL 
V 


VCC ~ +24 V, VEE = O.TJ ~ +25"C 
1.3 
1.5 


VCC = +24 V, VEE = OV. TJ = Tlowto Thigh 
1.5 


Input common mode voltage .ange 
V'CR 
V 


TA= 
+25°C 
VEEtO(VCC-l) 


TA = TlowtoThiah 
VEEtO(VCC-l.3) 


Common mode rejection ratio IRS ~ 10K) 
CMRR 
70 
90 
dB 


Power supply rejection ratio (RS = 100n) 
PSRR 
70 
90 
dB 


Power supply current 
ID 
mA 


VCC = +15 V, VEE = -15 V, TJ = +25°C 
7 
10 


VCC = +15V, VEE = -15V, TJ = Tlow to Thigh 
14 


Not. (continued) 
3. Tlow = -40"<:,Thigh = +125"C 


fI 


Char8Cteristic 
Symbol 
Min 
Typ 
Mu 
Unit 


Slew rate (VIN = -10Vto 
+ 10V, RL ~ 2.0K, CL = 1OOpF) 


AV~-1 
TJ=TlowtoThigh 
SR 
1 
1.4 
V/j<$ 


Gain bandwidth product (I = 100 KHz.CL = 100 pF. RL = 2 K 
GBW 


TJ~25°C 
0.9 
1.1 
MHz 


TJ = Tlowto 
Thigh 
0.7 


Phase margin 
TJ ~ Tlow to Thigh 
tm 
Degrees 


RL = 2.0K,CL = 100pF 
BO 


Gain 
margin 


RL = 2.0K, CL = 100pF 
15 
dB 


Equivalent input noise voltage 
nVI 
RS = 1ooohms,f= 
1.0 KHzto 100KHz 
en 
22 
VHz 


Total harmonic distortion 
THD 


AV ~ -1, RL = 50 ohms, Vo = 0.5VRMS, f = 1 KHz 
0.02 
% 


Thermal shutdown 
1.60 
OC 


Note 


If VEE is disconnected before VCC,a diode between VEEand GROUND is recommended to avoid device damage. 


Figure 
1. 
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Offset 
Voltage 
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Figure 
2. 
Normalized 
Input 
Bias Current 
vs Temperature 
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Figure 
4. 


High Output 
Saturation 
vs Load Current 
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Figure 
3. 


High Output 
Saturation 
vs Load Current 
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Figure 
6. 


Low Output 
Saturation 
vs Load Current 
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FigureS. 
Low Output 
Saturation 
vs Load Current 
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Figure 
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Supply 
Current 
vs Supply 
Voltage 
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FigureS. 
Thermal 
Shutdown 
vs Temperature 
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Figure 
9. 
Closed 
Loop Voltage 
Gain (40dB) and Phase vs Frequency 
Figure 
10. 
Total 
Harmonic 
Distortion 
vs Frequency 
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Figure 
11. 


Phase vs Frequency 
Figure 
12. 


Phase vs Frequency 
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Figure 
13. 


Slew 
Rate:!: 
vs Temperature 
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Figure 
14. 
Large Signal 
Transient 
Response 
Figure 
15. 
Small 
Signal 
Transient 
Response 
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F"lgure 17. Bidirectional 
speed control 
of DC motors. 


For circuit 
stability 
ensure that AX > 2A3· Al where AM = internal 
resistance 
of motor. 
The voltage 
available 
atthe 
AM 


terminals 
ofthe 
motor 
is VM = 2(Vl 
-~) 
+ [AoliM 
where 
[AO] = 2A3· Al and 1M is the motor 
current. 


2 
AX 


THERMAL INFORMATION 
The maximum 
power 
consumption 
an integrated 
circuit can tolerate 
at a given operating 
ambient 
temperature 
can be found 
from 
the equation: 


PD(TA) = TJ (max) - TA 


AOJA(tyP) 


Where: 


PD(TA) 


TJ(Max) 


TA 


AOJA 


= Power 
dissipation 
allowable 
at a given operating 
temperature. 
This muat be greater 
than the sum of 
..., 


the products 
of the supply 
voltages 
and supply 
currents 
at the worst 
case operating 
condition. 


= Maximum 
operating 
junction 
temperature 
as listed in the MAXIMUM 
AATINGS 
section. 


= Maximum 
desired 
operating 
ambient 
temperature. 


= Typical 
thermal 
resistance 
junction 
to ambient. 


® MOTOROLA 


LOW POWER JFET INPUT 
OPERATIONAL AMPLIFIER 


These JFET input operational 
amplifiers 
are designed for low 
power applications. They feature high input impedance, low input 
bias current and low input offset current. Advanced design tech- 
niques allow for higher slew rates, gain bandwidth 
products and 
output 
swing. 
The TL061 device provides 
for the external 
null 
adjustment 
of input offset voltage. 
These devices are specified over the commercial, vehicular and 
military 
temperature 
ranges. 
The commercial 
and vehicular 
devices are available 
in Plastic dual in-line and SOIC packages. 


The military 
devices 
are available 
in Ceramic 
dual 
in-line 
packages. 
• 
Low Supply Current - 
200 /-LA/Amplifier 


• 
Low Input Bias Current - 
5.0 pA 


• 
High Gain Bandwidth - 
2.0 MHz 


• 
High Slew Rate - 
6.0 V//-Ls 


• 
High Input Impedance - 
1012 n 


• 
Large Output Voltage Swing - 
:!: 14 V 


• 
Output Short Circuit Protection 


ORDERING 
INFORMATION 


OpAmp 
Tested 
Function 
Device 
Temperature 
Range 
Package 


TL061 CD, ACD, 
BCD 
o to 
+ 70°C 
50-8 
TL061 CP, ACP, BCP 
o to 
+70°C 
Plastic 
DIP 
Single 
TL061VD 
-40 
to 
+85°C 
50-8 
TL061VP 
-40 
to 
+85°C 
Plastic 
DIP 
TL061MJG 
- 55 to 
+ 125°C 
Ceramic 
DIP 


TL062CD, 
ACD, 
BCD 
o to 
+ 70°C 
50-8 
TL062CP, 
ACP, BCP 
o to 
+ 70°C 
Plastic 
DIP 
Dual 
TL062VD 
-40 
to 
+85°C 
50-8 
TL062VP 
-40 
to 
+85°C 
Plastic 
DIP 
TL062MJG 
-55 
to 
+ 125°C 
Ceramic 
DIP 


TL064CD, 
ACD, 
BCD 
o to 
+ 70°C 
50-14 
TL064CN, 
ACN, 
BCN 
o to 
+ 70°C 
Plastic 
DIP 
Quad 
TL064VD 
-40 
to 
+85°C 
50-14 
TL064VP 
-40 
to 
+85°C 
Plastic 
DIP 
TL064MJ 
-55 
to 
+ 125°C 
Ceramic 
DIP 


TL061 
TL062 
TL064 


LOW 
POWER 
JFET INPUT 
OPERATIONAL 
AMPLIFIERS 


JG SUFFIX 
CERAMIC 
PACKAGE 
CASE 
693-02 
o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 


50-8 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


Offset 
NUII~' 
NC 


( 
' 
- 
, 
VCC 
In 
uts 
p 
3 
+ 
B Output 


VEE 
• 
, 
Offset 
Null 


(Single, 
Top View) 


Output 
1 \ 


Inputs 
1 { : 


VEE' 


• 
VCC 


, 
Output 
2 


- 
:} 
Inputs 
2 


N SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


J SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751A-02 
50-14 


Output 
1 


Inputs 
1 { : 


VCC' 


Inputs 
2 { : 


Output 
2 
7 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
(from 
VCC to VEE) 
Vs 
+36 
V 


Input 
Differential 
Voltage 
Range 
(Note 
1) 
VI DR 
=30 
V 


Input 
Voltage 
Range 
(Notes 
1 and 
2) 
VIR 
= 15 
V 


Output 
Short-Circuit 
Duration 
(Note 
3) 
ts 
Indefinite 
Seconds 


Operating 
Junction 
Temperature 
(Note 3) 
TJ 
'c 


Ceramic 
Package 
+160 
Plastic 
Package 
+ 150 


Storage 
Temperature 
Range 
Tstg 
'c 


Ceramic 
Package 
-65 
to + 160 
Plastic 
Package 
-60 
to 
i· 150 


NOTES: 


1. Differential 
voltages 
are at the noninverting 
input 
terminal 
with 
respect 
to the inverting 
input 
terminal. 


2. The 
magnitude 
of the 
input 
lIoltage 
must 
never 
exceed 
the 
magnitude 
of the 
supply 
or 15 volts, 
whichever 
is less. 


3. 
Power 
dissipation 
must 
be considered 
to ensure 
maximum 
junction 
temperature 
(TJ) 
is not 
exceeded. 
(See Figure 
1.) 


Inputs 
{: 


TlO61BC 
TlO61AC 
TlO61C 
TlO62BC 
TlO62AC 
Tl062C 
TlO64BC 
TlO64AC 
TlO64C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Offset Voltage (RS ~ 50 0, Va ~ 0 VI 
Via 
mV 
I 


TA ~ 25°C 
- 
20 
30 
- 
3.0 
6.0 
- 
3.0 
15 
I 
TA = O°Cto + 70°C 
- 
- 
5.0 
- 
- 
7.5 
- 
- 
20 


Average 
Temperature 
Coefficient 
for Offset 
Voltage 
.lVIOI.n 
p'vrc 


(RS = 50 0, Va 
= 0 V) 
- 
10 
- 
- 
10 
- 
- 
10 
- 


Input Offset Current (VCM ~ 0 V, Va ~ 0 V) 
110 
TA = 25°C 
- 
0.5 
100 
- 
0.5 
100 
- 
0.5 
200 
pA 
TA ~ O°Cto + 70°C 
- 
- 
2.0 
- 
- 
2.0 
- 
- 
2.0 
nA 


Input Bias Current (VCM = 0 V, Va ~ 0 VI 
liB 
TA ~ 25°C 
- 
30 
200 
- 
3.0 
200 - 
3.0 
200 
pA 
TA = O°Cto + 70°C 
- 
- 
7.0 
- 
- 
7.0 
- 
- 
10 
nA 


Input Common 
Mode Voltage Range (TA = 25°CI 
VICR 
- 
+ 14.5 + 11.5 
- 
+14.5 
+ 11.: - 
+14.5 
+11 
V 


-11.5 
-12 
- 
-11.5 
-12 
- 
-11 
-12 
- 


large 
Signal Voltage Gain (RL ~ 10 kO, Va ~ ",10V) 
AVOL 
V/mV 
TA = 25°C 
4.0 
58 
- 
4.0 
58 
- 
3.0 
58 
- 
I 
TA = O°Cto + 70°C 
4.0 
- 
- 
4.0 
- 
- 
3.0 
- 
- 


Output Voltage Swing (RL ~ 10 kO, VIQ ~ 1.0 VI 
V 
TA = 25°C 
VO+ 
+10 
+14 
- 
+10 
+14 
- 
+10 
+14 - 


VO- 
- 
-14 
-10 
- 
-14 
-10 
- 
-14 
-10 


TA = O°Cto + 70°C 
VO+ 
+10 
- 
- 
+10 
- 
- 
+10 - 
- 
VO- 
- 
- 
-10 
- 
- 
-10 
- 
- 
-10 


Common 
Mode 
Rejection 
CMR 
dB 
IRS ~ 500, 
VCM 
O' 
VICR min, Va ~ 0 V, TA ~ 25°C) 
80 
84 
- 
80 
84 
- 
70 
84 
- 


Power 
Supply 
Rejection 
PSR 
dB 


(RS = 500, 
VCM ~ 0 V, Va ~ 0, TA ~ 25°C) 
80 
86 
- 
80 
86 
- 
70 
86 
- 


Power Supply Current (each amplifier) 
10 
p.A 


(No load, 
Va 
= 0 V, TA = 25°C) 
- 
200 
250 
- 
200 
250 
- 
200 
250 


Total 
Power 
Dissipation 
(each amplifier) 
Po 
mW 


(No Load, Va ~ 0 V, TA ~ 25°C) 
- 
6.0 
7.5 
- 
6.0 
7.5 - 
6.0 
7.5 


II 


CC = 
EE ~ 
- 
A = 
low 
hiah 
' u 


TL061M,V 
TL062M,V 
TL064M,V 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS = 50 n, Vo = 0 V) 
VIO 
mV 


TA = 25"C 
- 
3.0 
6.0 
- 
3.0 
9.0 


TA 
~ 
Tlow 
to Thiah 
- 
- 
9.0 
- 
- 
15 


Average 
Temperature 
Coefficient 
of Offset 
Voltage 
:'VIO/.H 
livrc 


(Rs 
~ 
50 n, 
Vo 
~ 
0 VI 
- 
10 
- 
- 
10 
- 


Input 
Offset 
Current 
(VCM = 0 V, Vo 
= 0 VI 
110 
TA 
~ 
25"C 
- 
5.0 
100 
- 
5.0 
100 
pA 


TA = Tlow 
to Thiah 
- 
- 
20 
- 
- 
20 
nA 


Input 
Bias Current 
(VCM 
~ 0 V, Vo = 0 V) 
liB 
TA = 25"C 
- 
30 
200 
- 
30 
200 
pA 


TA = Tlow 
to Thiah 
- 
- 
50 
- 
- 
50 
nA 


Input 
Common 
Mode 
Voltage 
Range 
(T A ~ 
25"CI 
VICR 
- 
+14.5 
+11.5 
- 
+14.5 
+11.5 
V 


-11.5 
-12 
- 
-11.5 
-12 
- 


Large 
Signal 
Voltage 
Gain 
(RL = 
10 kn, 
Vo = 
=10 
VI 
AVOL 
VmV 


TA 
~ 
25"C 
4.0 
58 
- 
4.0 
58 
- 


TA = Tlow 
to Thiah 
4.0 
- 
- 
40 
- 
- 


Output 
Voltage 
Swing 
(RL ~ 
10 kn, 
VIO = 1.0 VI 
V 


TA = 25"C 
VO+ 
+10 
+14 
- 
Tl0 
-14 
- 


VO- 
- 
-14 
-10 
- 
-14 
-10 


TA = Tlow 
to Thigh 
VO+ 
+10 
- 
- 
+10 
- 
- 
VO- 
- 
- 
-10 
- 
- 
-10 


Common 
Mode 
Rejection 
CMR 
dB 
(RS = 50 n, VCM 
~ 
VICR min, 
Vo 
~ 0 V, TA 
~ 
25"CI 
80 
84 
_. 
80 
84 
- 


Power 
Supply 
Rejection 
PSR 
dB 


(RS = 50 n, VCM = 0 V, Vo = 0 V, TA = 25"CI 
80 
86 
- 
80 
86 
- 


Power 
Supply 
Current 
(each 
Amplifierl 
10 
IiA 


(No 
Load, 
Vo 
~ 0 V, TA = 25"CI 
- 
200 
250 
- 
200 
250 


Total 
Power 
Dissipation 
(each Amplifier) 
Po 
mW 


(No 
Load, 
Vo 
= 0 V, T A = 25"CI 
- 
60 
7.5 
- 
60 
7.5 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Slew 
Rate (Vin = 
-10 
V to 
+ 10 V, RL = 10 kn, 
CL = 100 pF, AV 
~ 
+ 1.0) 
SR 
2.0 
6.0 
- 
V liS 


Rise Time 
(Vin 
~ 
20 mV, RL ~ 
10 kn, 
CL ~ 
100 pF, AV = 
+1.0) 
tr 
- 
0.1 
- 
liS 


Overshoot 
(Vin = 20 mV, 
RL = 
10 kn, 
CL = 100 pF, AV = 
+1.0) 
OS 
- 
10 
- 
% 


Settling 
Time 
ts 
liS 


(VCC 
~ 
+15V, 
VEE = 
-15 
V, AV = 
-1.0, 
To within 
10 mV 
- 
1.6 
- 


RL = 10 kn, 
Vo = 0 V to 
+ 10 V step) 
To within 
1.0 mV 
- 
2.2 
- 


Gain 
Bandwidth 
Product 
(f ~ 200 kHz) 
GBW 
- 
2.0 
- 
MHz 


Equivalent 
Input 
Noise 
(RS = 
100 n, f = 1.0 kHz) 
en 
- 
47 
- 
nV/\ 
Hz 


Input 
Resistance 
Ri 
- 
1012 
- 
II 


Channel 
Separation 
(f = 10 kHz) 
CS 
- 
120 
- 
dB 


2400 
~ 
E 2000 
zo 


~ 
1600 


is 


~ 
1200 
" 
:;;:' 


~ 
800 
'"x« 


'" 
400 
~ 


~4prGI\ 
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Specifications 
and Applications 
Information 


LOW 
NOISE, 
JFET INPUT 
OPERATIONAL 
AMPLIFIERS 


These low-noise 
JFET input operational 
amplifiers 
combine two 
state-of-the-art 
linear technologies 
on a single 
monolithic 
inte- 
grated circuit. 
Each internally 
compensated 
operational 
amplifier 
has well matched 
high voltage 
JFET input devices for low input 
offset voltage. 
The BIFET technology 
provides 
wide bandwidths 
and fast slew rates with low input bias currents, 
input offset cur- 
rents, and supply 
currents. 
Moreover. 
the devices exhibit 
low- 
noise and low harmonic 
distortion 
making them ideal for use in 
high-fidelity 
audio amplifier 
applications. 


These devices are available in single. dual and quad operational 
amplifiers 
which 
are pin-compatible 
with 
the industry 
standard 
MC1741, MC1458, and the MC3403/LM324 
bipolar 
products. 
De- 
vices with an "M" 
suffix are specified 
over the military 
operating 
temperature 
range of 
- 55°C to + 125°C and those with 
a "C:· 
suffix are specified 
from O°Cto + 70°C. 


• 
Low Input Noise Voltage - 
18 nV/YHZ Typ 


• 
Low Harmonic 
Distortion 
- 
0.01% Typ 


• 
Low Input Bias and Offset Currents 


• 
High Input Impedance - 
1012 n Typ 


• 
High Slew Rate - 
13 V/J.LS Typ 


• 
Wide Gain Bandwidth 
- 
4.0 MHz Typ 


• 
Low Supply 
Current - 
1.4 mA per Amp 


OpAmp 
Temperature 
Function 
Device 
Range 
Package 


TL071ACD, 
BCD, CD 
50-8 


TL071ACJG. 
BCJG. 
CJG 
o to 
+70'C 
Ceramic 
DIP 
Single 
TL071ACP. 
BCP. CP 
Plastic 
DIP 


TL071MJG 
-55 
to 
+ 125°C 
Ceramic 
DIP 


TL072ACD, 
BCD, CD 
50-8 


TL072ACJG, 
BCJG, 
CJG 
o to 
+70'C 
Ceramic 
DIP 
Dual 
TL072ACP, 
BCP. CP 
Plastic 
DIP 


TL072MJG 
-55 
to 
+ 125'C 
Ceramic 
DIP 


TL074ACD. 
BCD. CD 
50-14 


TL074ACJ, 
BCJ, CJ 
o to 
+70°C 
Ceramic 
DIP 
Quad 
TL074ACN. 
BCN, CN 
Plastic 
DIP 


TL074MJ 
- 55 to 
+ 125'C 
Ceramic 
DIP 


TL071 
TL072 
TL074 


LOW 
NOISE, 
JFET INPUT 
OPERATIONAL 
AMPLIFIERS 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 


~ 
1 


JG SUFFIX 


CERAMIC 
PACKAGE 


CASE 
693-02 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


• 


DSUFFIX 
PLASTIC 
PACKAGE 
8 
_ 
CASE 
751-02 


, 
50-8 


Offset 
NUII~' 
NC 


Inv + 
Input 
' 
, VCC 


Nonrnvt 
Input'· 
• Output 


VEE 
• 
, Offset 
Null 


Output 
Am' VCC 
Inputs 
A { ,- 
_ 
' Output 
B 


V 
: +A 
B 
:} 
Inputs 
B 
TL072 
EE 
+ 
(Top 
View) 
-- 


1 
N SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


ITL074 
Only) 


J SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 
(TL074 
Only) 


'4~- 
" 


D SUFFIX 


PLASTIC 
PACKAGE 
CASE 
751 A-02 


50-14 


II 


TlOLC 
TlOLAC 
Rating 
Symbol 
TlOLM 
TlOLBC 
Unit 


Supply 
Voltage 
VCC 
+18 
+18 
V 


VEE 
-18 
-18 


Differential 
Input 
Voltage 
VID 
±30 
±30 
V 


Input 
Voltage 
Range 
(Note 
1) 
VIDR 
±15 
±15 
V 


Output 
Short-Circuit 
Duration 
(Note 
21 
ts 
Continuous 


Power 
Dissipation 
Plastic 
Package 
(N,P) 
Po 
- 
680 
mW 
Derate 
above 
TA = 
+ 4rC 
1/8JA 
- 
10 
mWrC 
Ceramic 
Package 
(J, JGI 
Po 
680 
680 
mW 
Derate 
above 
TA 
~ 
+ 82°C 
1/8JA 
10 
10 
mWrC 


Operating 
Ambient 
Temperature 
Range 
TA 
-55 
to 
+ 125 
o to 
+ 70 
°c 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
-65 
to 
+ 150 
°c 


NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
2. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that power dissipation 
ratings are not exceeded. 


TlOLC 
TlOLAC 
TlOLM 
TlOLBC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS '" 
10 k, VCM 
~ 0) 
VIO 
mV 
TL071, 
TL072 
- 
3.0 
6.0 
- 
3.0 
10 
TL074 
- 
3.0 
9.0 
- 
3.0 
10 
TL07_ 
A 
- 
- 
- 
- 
3.0 
6.0 
TL07_ 
B 
- 
- 
- 
- 
2.0 
3.0 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
aVIOlaT 
- 
10 
- 
- 
10 
- 
p'vrc 
RS ~ 
50 n, TA 
~ Tlow 
to Thioh 
(Note 
3) 


Input 
Offset 
Current 
(VCM 
= 0) (Note 
4) 
110 
pA 
TL07_ 
- 
5.0 
50 
- 
5.0 
50 
TL07 _ A, TL07 _ B 
- 
- 
- 
- 
5.0 
50 


Input 
Bias Current 
(VCM 
~ 
0) (Note 
4) 
liB 
pA 
TL07_ 
- 
30 
200 
- 
30 
200 
TL07 _ A, TL07 _ B 
- 
- 
- 
- 
30 
200 


Input 
Resistance 
ri 
- 
1012 
- 
- 
1012 
- 
n 


Common 
Mode 
Input 
Voltage 
Range 
VICR 
V 
TL07_ 
±11 
+15,-12 
- 
±10 
+15,-12 
- 
TL07_ 
A, TL07_ 
B 
- 
- 
- 
±'1 
+15,-12 
- 


Large-Signal 
Voltage 
Gain 
(VO 
~ 
±10 
V, RL", 
2.0 k) 
AVOL 
V/mV 
TL07_ 
35 
150 
- 
25 
150 
- 
TL07_ 
A, TL07_ 
B 
- 
- 
- 
50 
150 
- 


Output 
Voltage 
Swing 
(Peak-to-Peak) 
Vo 
24 
28 
- 
24 
28 
- 
V 
(RL ~ 
10 k) 


Common 
Mode 
Rejection 
Ratio 
(RS '" 
10 k) 
CMRR 
dB 
TL07_ 
80 
100 
- 
70 
100 
- 
TLOL 
A, TLOL 
B 
- 
- 
- 
80 
100 
- 


Supply 
Voltage 
Rejection 
Ratio 
(RS '" 
10 k) 
PSRR 
dB 
TL07_ 
80 
100 
- 
70 
100 
- 
TLOL 
A, TLOL 
B 
- 
- 
- 
80 
100 
- 


Supply 
Current 
(Each 
Amplifier) 
10 
- 
1.4 
2.5 
- 
1.4 
2.5 
mA 


Unity 
Gain 
Bandwidth 
BW 
- 
4.0 
- 
- 
4.0 
- 
MHz 


Slew 
Rate (See 
Figure 
1) 
SR 
10 
13 
- 
- 
13 
- 
V/p.s 
Vin 
~ 
10 V, RL = 2.0 k, CL ~ 
100 pF 


TLOLC 
TLOLAC 
TL07 
M 
TLOLBC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Rise Time 
ISee Figure 
1) 
tr 
- 
0.1 
- 
- 
0.1 
- 
p.S 


Overshoot 
Factor 
- 
- 
10 
- 
10 
- 
% 


Vin = 20 mY, RL = 2.0 k, CL ~ 
100 pF 
- 


Equivalent 
Input 
Noise 
Voltage 
en 
- 
18 
- 
- 
18 
- 
nV/VHz 


RS = 100 n, I = 1000 Hz 


Equivalent 
Input 
Noise 
Current 
in 
- 
0.01 
- 
- 
0.01 
- 
pAlVHz 


RS = 100 n, I = 1000 Hz 


Total 
Harmonic 
Distortion 
THO 
- 
0.01 
- 
- 
0.01 
- 
% 


Va (RMS) 
~ 10 V, RS '" 1.0 k 
RL '" 2.0 k, I ~ 1000 Hz 


Channel 
Separation 
- 
- 
120 
- 
- 
120 
- 
dB 


AV = 100 


CC ~ 
= - 
~ 
lIQI 
ow 


TL07_ 
C 
TLOLAC 
TLOLM 
TLOLBC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
IRS'" 
10 k, VCM 
~ 01 
Via 
mV 
TLOn 
TL072 
- 
- 
9.0 
- 
- 
13 
TL074 
- 
- 
15 
- 
- 
13 
TL07_ 
A 
- 
- 
- 
- 
- 
7.5 
TL07_ 
B 
- 
- 
- 
5.0 


Input 
Offset 
Current 
(VCM 
~ OllNote 
4) 
110 
nA 
TL07_ 
- 
- 
20 
- 
- 
2.0 
TL07 _ A, TL07 _ B 
- 
- 
- 
- 
- 
2.0 


Input 
Bias Current 
IVCM 
~ 0) (Note 
4) 
lIB 
nA 
TLOL 
- 
- 
50 
- 
- 
7.0 
TL07_ 
A, TLOL 
B 
- 
- 
- 
- 
- 
7.0 


Large-Signal 
Voltage 
Gain IVO 
~ 
± 10 V, RL '" 2.0 k) 
AVOL 
V/mV 
TL07_ 
20 
- 
- 
15 
- 
- 
TL07_ 
A, TL07_ 
B 
- 
- 
- 
25 
- 
- 


Output 
Voltage 
Swing 
IPeak-to-Peak) 
Va 
V 
IRL'" 
10 k) 
24 
- 
- 
24 
- 
- 
IRL '" 2.0 k) 
20 
- 
- 
20 
- 
- 


NOTES (Continued): 
3. Tlow 
: 
-55°C for TLD71M, TLD72M, TLD74M 
Thigh 
+ 125°C lor TLD71M, TLD72M, TLD74M 


: 
DoCfor TLD71C, TLD71AC, TLD71BC 
: 
+7D°C for TLD71C, TLD71AC, TLD71BC 
TLD72C, TLD72AC, TLD72BC 
TLD72C, TLD72AC, TLD72BC 
TLD74C, TLD74AC 
TLD74C, TLD74AC 
4. Input Bias currents of JFET input op amps approximately double for every 10"Crise in Junction Temperature as shown in Figure 3. To maintain 
Junction Temperature as close to ambient temperatures as possible. pulse techniques must be used during test. 
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Offset 
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ITL071 
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Bias Circuitry 
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I Common 
to Alii 


Amplifiers 


1.0 p.F 


Input 
<>--1 


0.033 
p.F 
0.033 
p.F 


~ 


Turn-Over 
Frequency 
= 
1.0 kHz 


Bass 
BoosVCut 
- 
'" 20 dB at 20 Hz 


Treble 
Boost/Cut 
- 
'" 19 dB at 20 kHz 


TL071 
R 
R 
Input 
+ 


Cl 


1 
10 ~ 2"RC 
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R ~ 
2Rl 
= 1.5 M 
Cl 
C = 2 = 300 pF 
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® MOTOROLA 
II 
Specifications 
and Applications 
Information 


These low-cost JFET input operational 
amplifiers 
combine two 
state-of-the-art 
linear technologies 
on a single 
monolithic 
inte- 
grated circuit. Each internally 
compensated 
operational 
amplifier 
has well matched 
high voltage 
JFET input devices for low input 
offset voltage. 
The BIFET technology 
provides 
wide bandwidths 
and fast slew rates with low input bias currents, input offset cur· 
rents, and supply currents. 


These devices are available in single, dual and quad operational 
amplifiers 
which 
are pin-compatible 
with 
the industry 
standard 
MC1741, MC1458, and the MC3403/LM324 
bipolar 
products. 
De- 
vices with an "M" 
suffix are specified over the military 
operating 
temperature 
range of 
- 55·C to + 125·C and those with 
a "C" 


suffix are specified from O·Cto + 70·C. 


• 
Input Offset Voltage Options 
of 3.0, 6.0, and 15 mV Max 


• 
Low Input Bias Current - 
30 pA 


• 
Low Input Offset Current - 
5.0 pA 


• Wide Gain Bandwidth 
- 
4.0 MHz 


• 
High Slew Rate - 
13 V/!JS 


• 
Low Supply Current - 
1.4 mA per Amplifier 


• 
High Input Impedance - 
1012 n 


• 
Industry 
Standard 
Pinouts 


OpAmp 
Temperature 
Function 
Device 
Range 
Packege 


TL081ACD, 
BCD, CD 
SO-8 


TL081ACJG, 
BCJG, 
CJG 
o to 
+70'C 
Ceramic 
DIP 
Single 
TL081ACP, 
BCP, CP 
Plastic 
DIP 


TL081MJG 
-55 
to 
+ 125'C 
Ceramic 
DIP 


TL082ACD, 
BCD, CD 
SO-8 


TL082ACJG, 
BCJG, 
CJG 
o to 
+70'C 
Ceramic 
DIP 
Dual 
TL082ACP, 
BCP, CP 
Plastic 
DIP 


TL082MJG 
- 55 to 
+ 125'C 
Ceramic 
DIP 


TL084ACD, 
BCD, CD 
SO-14 


TL084ACJ, 
BCJ, CJ 
o to 
+ 70'C 
Ceramic 
DIP 
Quad 
TL084ACN, 
BCN, CN 
Plastic 
DIP 


TL084MJ 
-55 
to 
+ 125'C 
Ceramic 
DIP 


TL081 
TL082 
TL084 


JFET INPUT 
OPERATIONAL 
AMPLIFIERS 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 


.~ 
1 


P SUFAX 
PLASTIC 
PACKAGE 
CASE 
626-05 
.~ 


JG SUFFIX 
CERAMIC 
PACKAGE 
CASE 
693-02 
•• 


1 
° SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
SO-8 


TL081 


Offset 
Null E3' NC 
(Top 
View) 
Inv + 
Input 
' 
, VCC 
Noninvt 
Input'· 
, Output 
VEE 
• 
• Offset 
Null 


Output 
A~' 
VCC 
Inputs 
A { ,- 
_' 
Output 
B 


V 
: +A B 
:} 
Inputs 
B 
TL082 
EE 
+. 
(Top 
View) 
,-- 
N SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 
(TL084 
Only) 


J SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 


(TL084 
Only) 
° SUFFIX 
~ 
PLASTIC 
PACKAGE 


14~v 
CASE 
751A-02 


1 
SO-14 


TL08_C 
TL08_AC 


Rating 
Symbol 
TL08_M 
TL08_BC 
Unit 


Supply 
Voltage 
VCC 
+18 
+18 
V 


VEE 
-18 
-18 


Differential 
Input 
Voltage 
VID 
ot30 
ot30 
V 


Input 
Voltage 
Range 
(Note 
1) 
VIDR 
::t 15 
ot15 
V 


Output 
Short-Circuit 
Duration 
(Note 
21 
ts 
Continuous 


Power 
Dissipation 
Plastic 
Package 
(N,P) 
Po 
- 
680 
mW 


Derate 
above 
TA 
~ 
+ 4rC 
1IeJA 
- 
10 
mWrC 


Ceramic 
Package 
(J,JGI 
Po 
680 
680 
mW 


Derate 
above 
TA = 
+ 82°C 
1/6JA 
10 
10 
mWrC 


Operating 
Ambient 
Temperature 
Range 
TA 
-55 
to 
+ 125 
o to 
+70 
°c 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
-65 
to 
+ 150 
°c 


NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage or 15 .••• 
olts, whichever is less. 


2. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that power 


dissipation ratings are not exceeded. 


TL08_C 
TL08_AC 
TL08_M 
TL08_BC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS '" 
10 k, VCM 
~ 0) 
VIO 
mV 
TL081 , TL082 
- 
3.0 
6.0 
- 
5.0 
15 
TL084 
- 
3.0 
9.0 
- 
5.0 
15 
TL08_A 
- 
- 
- 
- 
3.0 
6.0 
TL08_B 
- 
- 
- 
- 
2.0 
3.0 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
6VI0/6T 
- 
10 
- 
- 
10 
- 
J.LVrC 


RS = 50 n, TA 
= Tlow 
to Thioh 
INote 
3) 


Input 
Offset 
Current 
(VCM 
~ 
0) (Note 
4) 
110 
pA 
TL08_ 
- 
5.0 
100 
- 
5.0 
200 
TL08_A, 
TL08_B 
- 
- 
- 
- 
5.0 
100 


Input 
Bias Current 
(VCM 
= 0) (Note 
4) 
liB 
pA 
TL08_ 
- 
30 
200 
- 
30 
400 
TL08_A. 
TL08_B 
- 
- 
- 
- 
30 
200 


Input 
Resistance 
ri 
- 
1012 
- 
- 
1012 
- 
n 


Common 
Mode 
Input 
Voltage 
Range 
VICR 
V 
TL08_ 
otl1 
+15,-12 
- 
otl0 
+15,-12 
- 
TL08_A, 
TL08_B 
- 
- 
- 
ot11 
+15,-12 
- 


Large-Signal 
Voltage 
Gain 
(VO = 
ot 10 V, RL"'2.0 
kl 
AVOL 
V/mV 
TL08_ 
25 
150 
- 
25 
150 
- 
TL08_A, 
TL08_B 
- 
- 
- 
50 
150 
- 


Output 
Voltage 
Swing 
(Peak-to-Peak) 
Vo 
24 
28 
- 
24 
28 
- 
V 


HL = 10 k 


Common 
Mode 
Rejection 
Ratio 
(RS"'10 
k) 
CMRR 
dB 
TL08_ 
80 
100 
- 
70 
100 
- 
TL08_A, 
TL08_B 
- 
- 
- 
80 
100 
- 


Supply 
Voltage 
Rejection 
Ratio 
(RS"'10 
k) 
PSRR 
dB 
TL08_ 
80 
100 
- 
70 
100 
- 
TL08_A, 
TL08_B 
- 
- 
- 
80 
100 
- 


Supply 
Current 
(Each 
Amplifier) 
10 
- 
1.4 
2.8 
- 
1.4 
2.8 
mA 


Unity 
Gain 
Bandwidth 
BW 
- 
4.0 
- 
- 
4.0 
- 
MHz 


II 


._---- 


TlOS_AC 
TlO8_M 
TlO8_BC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Slew 
Rate (See Figure 
1) 
SR 
8.0 
13 
- 
- 
13 
- 
V/p.s 


Vin = 10 V, RL ~ 2.0 k, CL = 100 pF 


Rise Time 
(See Figure 
1) 
tr 
- 
0.1 
- 
- 
0.1 
- 
p.s 


Overshoot 
Factor 
- 
- 
10 
- 
- 
10 
- 
% 


Vin = 20 mY, RL = 2.0 k, CL = 100 pF 


Equivalent 
Input 
Noise 
Voltage 
en 
- 
25 
- 
- 
25 
- 
nV/YHz 


RS ~ 
100 n, I = 1000 Hz 


Channel 
Separation 
- 
- 
120 
- 
- 
120 
- 
dB 


AV = 100 


CC ~ 
EE ~ 
- 
A~ 
low 
0 
hioh 


TlO8_C 
TlO8_AC 
TL08_M 
TlO8_Be 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input 
Offset 
Voltage 
(RS <;10 k, VCM 
~ 0) 
Via 
mV 
TL081, TL082 
- 
- 
9.0 
- 
- 
20 
TL084 
- 
- 
15 
- 
- 
20 
TL08_A 
- 
- 
- 
- 
- 
7.5 
TL08_B 
- 
- 
- 
- 
- 
5.0 


Input 
Offset 
Current 
(VCM = 0) (Note 
4) 
110 
nA 
TL08_ 
- 
- 
20 
- 
- 
5.0 
TL08_A, 
TL08_B 
- 
- 
- 
- 
- 
3.0 


Input 
Bias Current 
(VCM = 0) (Note 
4) 
liB 
nA 
TL08_ 
- 
- 
50 
- 
- 
10 
TL08_A, 
TL08_B 
- 
- 
- 
- 
- 
7.0 


Large-Signal 
Voltage 
Gain (Va 
~ 
± 10 V, RL"'2.0 
k) 
AVOL 
V/mV 


TLOB_ 
15 
- 
- 
15 
- 
- 
TL08_A, 
TL08_B 
- 
- 
- 
25 
- 
- 


Output 
Voltage 
Swing 
(Peak-to-Peak) 
Va 
V 
(RL"'10 
k) 
24 
- 
- 
24 
- 
- 
IRL"'2.0 
k) 
20 
- 
- 
20 
- 
- 


NOTES (continued): 


3. Tlow 
~ 
-55°C lor TLOB1M. TLOB2M. TL084M 
Thigh 
+ 125°C for TLOB1M, TLOB2M. TL084M 


= O°Cfor TLOB1C.TLOB1AC. TLOB1BC 
+ 70°C for TLOB1C.TLOB1AC. TLOB1BC 
TLOB2C,TLOB2AC. TLOB2BC 
TLOB2C,TLOB2AC. TLOB2BC 
TL084C. TL084AC. TL084BC 
TLOB4C.TL084AC. TL084BC 
4. Input Bias currents of JFET input Op Amps approximately double for every 10°Crise in junction temperature as shown in Figure 3. To 


maintain junction temperature as close to ambient temperature as possible. pulse techniques must be used during test. 
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versus 
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REPRESENTATIVE 
CIRCUIT SCHEMATIC 
lEach Amplifier) 


Otiset 
Null 


(TLOS1 
only) 


1 
Bias Circuitry 
l 


I Common 
to All' 
Ampliliers 


I 
III 
I 
I 
I 
II 
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2.0 k i 
I 
I 
I 
II 
I 
I 
II 
I 
I 
II 
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Q251 
I 
I 
I 
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J 
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MSBA1 
5 
A2 
6 
A3 
7 
A4 
S 
A5 
9 
A610 
A711 
LSB AS 12 


Theoretical 
Vo 


_ '{rn 
[~~ 
~ 
~ 
~ 
~ 
A7 
AS] 
VO- 
R1 IRO) 
2+4+S+16+32+64+12S+256 


Adjust Vrel. R1 or RO so that Vo with all digital inputs at 
high level is equal to 9.961 volts. 


VreI ~ 2.0 Vdc 
R1 = R2 ~ 1.0 kfi 
RO = 5.0 kfi 


2.0 V 
[1 
1 
1 
1 
1 
1 
1 
1] 
Vo = 1.Q'k(5.Ok) 
2+4+'8+16+32+64+12S+256 


~ 10 V [255] 
~ 9.961 V 
256 


RS 
'Polycarbonale 
or 
Polystyrene 
Capacitor 


Time (t) = R4 Cen (VRNR - 
V11. R3 = R4. RS = 0.1 R6 
If R1 = R2: I = 0.693 R4C 
Design Example: 
100 Second 
Timer 
VR = 10 V 
C = 1.0 JlF 
R3 = R4 = 144 M 
R6=20k 
RS=2.0k 
R1=R2=1.0k 


FIGURE 
17 -ISOLATING 
LARGE CAPACITIVE 
LOADS 


R2 
S.1 k 


CL 
IO.SJlF 


• 
Overshoot 
< 10% 


• Is = 10 JlS 
• When driving large CL. Ihe VOUIslew rale is delermined 
by CL 
and louI(max): 


,WoUI 
loul 
0.02 
~ 
= CL '" Q.5 VIJls = 0.04 VIJlS (wilh CL shown) 


In most electronic systems some form of voltage reg- 
ulation is required. Yesterday 
the task of voltage reg- 
ulator design was tediously accomplished 
with discrete 
devices, and the results were quite often complex and 
costly. 
Today with bipolar 
monolithic 
regulators, 
this 
task has been reduced considerably. The designer now 
has a wide choice of fixed, low Vdiff, adjustable, 
and 
tracking series-type 
regulators. 


These devices 
incorporate 
many built-in protection 
features 
making 
them 
virtually 
immune 
to the cata- 
strophic failures encountered 
in older discrete designs. 
The Switching 
Power Supply continues 
to increase 
in popularity and is one of the fastest growing markets 
in the 
world 
of 
power 
conversion. 
They 
offer 
the 
designer several important advantages 
over that of lin- 
ear series-pass 
regulators. These advantages 
include 
significant 
advancements 
in the 
areas 
of size 
and 
weight reduction, 
efficiency, 
and the ability to perform 
voltage step-up and voltage-inverting. 
Motorola offers 
an ever 
increasing 
diverse 
portfolio 
of full featured 
switching 
regulator 
control 
circuits 
which 
meet 
the 
needs 
of 
today's 
modern 
compact 
electronic 
equipment. 
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II 


Linear Voltage 
Regulators 
Fixed Output ..... 
Adjustable 
Output. 
Special ... 
Switching 
Regulators 
Single-Ended 
Controllers. 
. .......•.... 


Double-Ended 
Controllers 
. 


Special Power Supply Controllers 


High Performance 
Dual Current-Mode 
. 


Universal 
Microprocessor 
.. 
Control IC for Line-Isolated 
Free 
Running Flyback Converter. 


Power Supervisory 
Overvoltage 
"Crowbar" 
Sensing 
Circuit 
Over-Under 
Voltage 
Protection 
Circuit 
.. 


Undervoltage 
Sensing Circuit ... 


Microprocessor 
Voltage Regulator 
and Supervisory 
Circuit 
. 
Series Switch Transient 
Protection 
Circuit 
. 


These low-cost 
monolithic 
circuits provide positive and/or 


negative 
regulation 
at currents 
from 100 mA to 3.0 A. They 
are ideal for on-card regulation employing current limiting and 
thermal shutdown. 
Low Vdiff devices are offered for battery 


powered 
systems. 


Although 
designed 
primarily 
as fixed voltage 
regulators. 


these devices can be used with external components 
to ob- 
tain adjustable 
voltages 
and currents. 


10 
AVoJAT 


Vout 
Tol.t 
mA 
Device 
Device 
Vi" 
Regline 
Regload 
mVrc 
Case 


Volts 
Volts 
Max 
Positive Output 
Negative 
Output 
Min/Max 
mV 
mV 
Typ 
Suffix 


S 
±O.S 
100 
LM2931-S.0 
- 
S.6/40 
30 
SO 
1.0 
Z. T 


±0.2S 
MC78LOSC 
MC79LOSC 
6.7/30 
200 
60 
P, G 


LM2931A-S.0 
- 
S.6/40 
30 
SO 
Z, T 


MC78LOSAC 
MC79LOSAC 
6.7/30 
150 
60 
P, G 


SOO 
MC78MOSC 
MC79MOSC 
7/3S 
100 
100 
1.0 
G,T 


±0.4 
lS00 
LM109 
- 
1.1 
K,H 


LM209 
- 


±0.2S 
LM309 
- 
SO 
1.0 


±0.3S 
MC780S* 
- 
8.0/3S 
0.6 
K 


±0.2S 
MC780SB# 
- 
8/3S 
100 
1.0 
T 


MC780SC 
MC790SC 
7/35 
K, T 


::to.2 
MC7805A* 
- 
7.5/35 
10 
SO 
0.6 
K 


MC7805AC 
MC7905AC 
100 
K, T 


±0.25 
LM140-5* 
- 
7.0/35 
50 
50 
K 


±0.2 
LM140A-S* 
- 
10 
25 


±0.25 
LM340-5 
- 
50 
50 
K, T 


±0.2 
LM340A-5 
- 
10 
25 


:to.l 
TL780-05C 
- 
7.0/3S 
S.O 
25 
0.06 
KC 


±0.25 
3000 
MC78T05C 
- 
7.3/35 
2S 
30 
0.1 
K, T 


±0.2 
MC78T05AC 
- 
10 
2S 


10 
I!J.VoJl!J.T 


Vout 
Tol.t 
mA 
Device 
Device 
Vin 
Regline 
Regload 
mvrc 
Case 


Volts 
Volts 
Max 
Positive 
Output 
Negative 
Output 
MiniMax 
mV 
mV 
Typ 
Suffix 


5 
;:0.4 
3000 
LM123* 
- 
7.5/20 
25 
100 
0.1 
K 


LM223 
- 


;:0.25 
LM323 
- 
T 


;:0.2 
LM123A 
- 
K 


LM223A 
- 
15 
50 


LM323A 
- 
T 


5.2 
;:0.26 
1500 
- 
MC7905.2C 
7.2/35 
105 
105 
1.0 
T 


6 
;:0.3 
500 
MC78M06C 
- 
8/35 
100 
120 
1.0 
T 


;:0.35 
1500 
MC7806* 
- 
9/35 
60 
100 
0.7 
K 


;:0.3 
MC7806B# 
- 
120 
120 
T 


MC7806C 
MC7906C 
8/35 
K, T 


;:0.24 
MC7806AC 
- 
8.6135 
11 
100 
T 


LM140-6* 
- 
8/35 
60 
60 
K 


;:0.3 
LM340-6 
- 
K, T 


8 
;:0.8 
100 
MC78L08C 
- 
9.7/30 
200 
80 
- 
P, G 


MC78L08AC 
- 
175 


;:0.4 
500 
MC78M08C 
- 
10/35 
100 
160 
1.0 
G, T 


1500 
MC7808* 
- 
11.5/35 
80 
100 
K 


MC7808B# 
- 
160 
160 
T 


MC7808C 
MC7908C 
10.5/35 
K, T 


;:0.3 
MC7808AC 
- 
10.6/35 
13 
100 
T 


;:0.4 
LM140-8* 
- 
10.5/35 
80 
80 
K 


LM340-8 
- 
K, T 


3000 
MC78T08C 
- 
10.4/35 
35 
30 
0.16 


12 
;: 1.2 
100 
MC78L12C 
MC79L12C 
13.7/35 
250 
100 
- 
P, G 


;:0.6 
MC78L12AC 
MC79L 12AC 


500 
MC78M12C 
MC79M12C 
14/35 
100 
240 
1.0 
G,T 


1500 
MC7812* 
- 
15.5/35 
120 
120 
1.5 
K 


MC7812B# 
- 
240 
240 
T 


MC7812C 
MC7912C 
14.5/35 
K. T 


;:0.5 
MC7812A* 
- 
14.8/35 
18 
50 
K 


MC7812AC 
- 
100 
T 


;:0.6 
LM140-12* 
- 
14.5/35 
120 
120 
1.5 
K 


;:0.5 
LM140A-12* 
- 
18 
32 


;:0.6 
LM340-12 
- 
120 
120 
K. T 


±O.5 
LM340A-12 
- 
18 
32 


;:0.24 
TL780-12C 
- 
5.0 
0.15 
KC 


;:0.6 
3000 
MC78T12C 
- 
14.5/35 
45 
30 
0.24 
K. T 


;:0.5 
MC78T12AC 
- 
18 
25 


IJ 


II 


10 
AVoJAT 


Vout 
Tol.t 
mA 
Device 
Device 
Vin 
Regline 
Regload 
mvrc 
Case 


Volts 
Volts 
Max 
Positive 
Output 
Negative 
Output 
MiniMax 
mV 
mV 
Typ 
Suffix 


15 
±1.5 
100 
MC78L15C 
MC79L15C 
16.7/35 
300 
150 
- 
P, G 


±0.75 
MC78L15AC 
MC79L15A 


500 
MC78M15C 
MC79M15C 
17/35 
100 
300 
1.0 
G, T 


1500 
MC7815' 
- 
18.5/35 
150 
150 
1.8 
K 


MC78158# 
- 
300 
300 
T 


MC7815C 
MC7915C 
17.5/35 
K, T 


±0.6 
MC7815A' 
- 
17.9/35 
22 
50 
K 


MC7815AC 
- 
100 
K, T 


±0.75 
LM140-15' 
- 
17.5135 
150 
150 
K 


±0.6 
LM140A-15' 
- 
22 
35 


±0.75 
LM340-15 
- 
150 
150 
K, T 


±0.6 
LM340A-15 
- 
22 
35 


±0.3 
TL780-15C 
- 
15 
60 
0.18 
KC 


±0.75 
3000 
MC78T15C 
- 
17.5/40 
55 
30 
0.3 
K, T 


±O.6 
MC78T15AC 
- 
22 
25 


18 
± 1.8 
100 
MC78L 18C 
MC79L18C 
19.7/35 
325 
170 
- 
P 


±0.9 
MC78L18AC 
MC79L18AC 


500 
MC78M18C 
- 
20/35 
100 
360 
1.0 
G,T 


1500 
MC7818' 
- 
22/35 
180 
180 
2.3 
K 


MC78188# 
- 
360 
360 
T 
- 


±0.7 
MC7818C 
MC7918C 
21/35 
K, T 


MC7818AC 
- 
31 
100 
T 
~ 


±0.9 
LM340-18 
- 
180 
180 
T 


20 
±1.0 
500 
MC78M20C 
- 
22/40 
10 
400 
1.1 
G, T 


24 
±2.4 
100 
MC78L24C 
MC79L24C 
25.7/40 
350 
200 
- 
P 
f---- 


±1.2 
MC78L24AC 
MC79L24AC 
300 


500 
MC78M24C 
- 
26/40 
100 
480 
1.2 
G, T 


1500 
MC7824' 
- 
28/40 
240 
240 
3.0 
K 


MC78248# 
- 
480 
480 
T 


MC7824C 
MC7924C 
27/40 
K, T 


±1.0 
MC7824AC 
- 
27.3/40 
36 
100 
T 


±1.2 
LM340-24 
- 
240 
240 
T 


Adjustable Output Voltage 
Regulators 


Motorola 
offers 
a broad 
line 
of adjustable 
output 
volt- 


age 
regulators 
with 
a variety 
of 
output 
current 
capabil- 


ities. 
Adjustable 
voltage 
regulators 
provide 
users 
the 


capability 
of stocking 
a single 
integrated 
circuit 
provid- 


ing 
a wide 
range 
of 
output 
voltages 
for 
industrial 
and 


communications 
applications. 
The 
three-terminal 
de- 


vices 
require 
only 
two 
external 
resistors 
to 
set 
the 
out- 


put 
voltage. 


Vin- 
Regulation 


Vout 
Po 
% Vout@ 


Vout 
Vin 
Oiffer- 
Watts 
TA = 25"<: 


10 
Volts 
Volts 
entia I 
Max 
Max 
TC Vout 
TJ = 
mA 
Volts 
TA = 
TC = 
Typ 
·C 


Max 
Device 
Suffix 
Min 
Max 
Min 
Max 
Min 
25"<: 
25·C 
Line 
load 
"Iorc 
Max 
Case 


100 
lM317l 
H,Z 
1.2 
37 
5.0 
40 
3.0 
Internally 
0.04 
0.5 
0.006 
125 
29,79 


LM217L# 
Limited 
0.02 
0.3 
0.004 
150 


LM117L' 
0.003 
- 
LM2931C 
T 
3.0 
24 
3.16 
0.6 
0.15 
1.0 
- 
125 
314D 


150 
MC1723 
CP 
2.0 
37 
9.5 
40 
3.0 
1.25 
- 
0.1 
0.3 
0.003 
150 
646 
- 
CG 
1.0 
2.1 
0.003 
603C 
- 
G 
0.002 
- 
CL 
1.5 
- 
0.003 
175 
632 
- 
I--- 


L 
- 
0.002 


500 
LM317M 
T 
1.2 
37 
5.0 
40 
3.0 
Internally 
0.04 
0.5 
0.0056 
125 
221A 
Limited 


1500 
LM317 
T 
1.2 
37 
5.0 
40 
3.0 
Internally 
0.04 
0.5 
0.006 
125 
221A 


LM317 
H,K 
Limited 
79,1 


LM217# 
0.004 


LM117' 
0.02 
0.3 
0.003 
150 


3000 
LM350 
T 
1.2 
33 
5.0 
36 
3.0 
Internally 
0.03 
0.5 
0.008 
125 
221A 


LM350 
K 
Limited 
1 


LM250# 
0.01 
0.3 
0.0057 
150 


LM150' 
0.0051 


Vin- 
Regulation 


Vout 
Po 
% Vout@ 


Vout 
Vin 
Differ- 
Watts 
TA = 25·C 


10 
Volts 
Volts 
ential 
Max 
Max 
TC Vout 
TJ = 
mA 
Volts 
TA = I TC = 
Typ 
·C 
Max 
Device 
Suffix 
Min 
Max 
Min 
Max 
Min 
25·C 
25·C 
Line 
Load 
·/orC 
Max 
Case 


500 
LM337M 
T 
-1.2 
-37 
5.0 
40 
3.0 
Internally 
0.04 
1.0 
0.0048 
125 
221A 
Limited 


1500 
LM337 
T 
-1.2 
-37 
5.0 
40 
3.0 
Internally 
0.04 
1.0 
0.0048 
125 
221A 


LM337 
H,K 
Limited 
79,1 


LM237# 
0.02 
0.5 
0.0034 
150 


LM137' 
0.0031 


II 


Designed 
for 
laboratory 
type 
power 
supplies. 
Voltage 
is limited 
only 
by the 
break 
down 
voltage 
of 
associated, 


external, 
series-pass 
transistors. 


Vout 
10 
Vaux 
I 
Po 
.l.VreflVref 
.l.ILILL 
TC Vout 


Volts 
mA 
Volts 
Watts 
% 
% 
%f'C 


Min 
I 
Max 
Max 
Device 
Suffix 
Min 
I 
Max 
Max 
line 
I 
Load 
Max 
Typ 
Case 


0 
I • 
. 
MC1466 
L 
21 
I 
30 
0.75 
0.015 
I 
0.015 
0.2 
0.001 
632 


TC 


°Iol"C 


Vout 
10 
Vi" 
Po 
(Tlow 
to 
Volts 
mA 
Volts 
Watts 
Regline 
Regload 
Thigh) 
TA 


Min' 
Max 
Max 
Min 
Max 
Device 
Suffix 
Max 
mV 
mV 
Typ 
·C 
Case 


14.8 
15.2 
'" 100 
17 
30 
MC1468 
G 
0.8 
10 
10 
3.0 
o to 
+ 75 
603C 
f---- 


L 
1.0 
632 


MC1568 
G 
0.8 
-55 
to 
+ 125 
603C 
f--- 


L 
1.0 
632 


Vout, 
Vref 
ISINK 
Vin 
Volts 
mA 
Volts 
Regline 
Regload 
TA 


Min 
Max 
Max 
Min 
Max 
mV Max 
mV Max 
Device 
Suffix 
·C 
Case 


4.75 
5.25 
100 
7.0 
40 
40 
50 
MC34160 
P 
o to 
+70 
648C 


2.47 
2.73 
2.0 
5.0 
20 
30 
MC33160 
-40 
to 
+85 


Used as a control circuit in PWM, push-pull, bridge and 
series type Switch mode supplies, the devices include a 
voltage 
reference, 
oscillator, 
pulse-width 
modulator, 
phase splitter and output drive sections. Frequency and 


duty cycle are independently 
adjustable. 
Most of these 
devices also include one or two on-chip error amplifiers 
for voltage or current error signal feedback. 


These single-ended 
voltage- and current-mode 
controllers 
are designed for use in buck, boost, fly back, and 
forward 
converters. They are cost effective in applications 
that range from 0.1 to 200 watts power output. 


10 
VCC 
VII 
Max 
mA 
Volts 
Operating 
Ref. 
Osc. 
TA 
Max 
Min 
Max 
Mode 
Volts 
Freq. (kHz) 
Device 
Suffix 
·C 
Case 


250 
7.0 
40 
V 
5.0±5.0% 
200 
MC34060 
P 
o to +70 
646 


L 
632 


MC35060 
L 
-55 
to + 125 


500 
S.O:±:1.5% 
MC34060A 
D 
o to + 70 
751A 


P 
646 


MC33060A 
D 
-40 
to +85 
751A 


P 
646 


MC35060A 
L 
-55 
to + 125 
632 


1000 
4.2 
12 
I 
1.25±2.0% 
300 
MC34129 
D 
o to + 70 
751A 


P 
646 


MC33129 
D 
-40 
to +85 
751A 


P 
646 


11.5 
30 
5.0±2.0% 
500 
UC3642A 
D 
o to + 70 
751A 


N 
626 


11 
5.0::1.0% 
UC2842A 
D 
-25 
to +85 
751A 


J 
693 


N 
626 


8.2 
5.0±2.0% 
UC3643A 
D 
o to + 70 
751A 


N 
626 


5.0±1.0% 
UC2843A 
D 
-25 
to +85 
751A 


J 
693 


N 
626 


1500 
2.5 
40 
V 
1.24±5.2%# 
100 
/LA78S40 
PC 
o to +70 
648 


DC 
620 


PV 
-40 
to +85 
648 


DM 
-55 
to + 125 
620 


1.25±5.6%# 
MC34063 
P1 
o to + 70 
626 


U 
693 


MC33063 
P1 
-40 
to +85 
626 


U 
693 


MC35063 
U 
- 55 to + 125 


1.25±2.0% 
MC34063A 
D 
o to + 70 
751 


P1 
626 


MC33063A 
D 
-40 
to +85 
751 


P1 
626 


MC35063A 
U 
-55 
to + 125 
693 


These double-ended 
voltage-mode 
conlrollers 
are designed for use in push-pull, 
half-bridge, 
and full-bridge 
con- 


verters. They are cost effective in applications 
that range from 100 to 2000 watts power output. 


10 
VCC 
VII 
Max 


mA 
Volts 
Operating 
Ref. 
Osc. 
TA 


Max 
Min 
Max 
Mode 
Volts 
Freq. (kHz) 
Device 
Suffix 
·C 
Case 


500 
7.0 
40 
V 
5.0±5.0%# 
200 
TL494 
CN 
o to + 70 
648 


CJ 
620 


IN 
-25 
to +85 
648 


IJ 
620 


MJ 
-55 
to + 125 


5.0±1.5% 
300 
TL594 
CN 
o to +70 
648 


IN 
-25 
to +85 


MJ 
-55 
to + 125 
620 


±500 
8.0 
5.1 ±2.0% 
400 
SG3525A 
N 
o to + 70 
648 


J 
620 


5.1:t1.0% 
SG2525A 
N 
-25 
to +85 
648 


J 
620 


SG1525A 
J 
-55 
to + 125 


5.1±2.0% 
SG3527A 
N 
o to +70 
648 


J 
620 


5.1±1,O% 
SG2527A 
N 
-25 
to +85 
648 


J 
620 


SG1527A 
J 
-55 to + 125 


±200 
5.0±2.0% 
350 
SG3526 
N 
Oto +125' 
707 


J 
726 


5.0:tl.00/0 
SG2526 
N 
-25 
to + 150' 
707 


J 
726 


SG1526 
J 
-55 to + 150' 


High Performance Dual Current-Mode Controllers 


Optimized for off-line AC-to-DC power supplies and DC-to-DC converters 
in the flyback topology. 
Applications 
include 
desktop computers, 
peripherals, 
televisions, 
games, and various 
consumer 
appliances. 


10 
VCC 
vn 
Max 


mA 
Volts 
Operating 
Ref. 
Osc. 
TA 
Max 
Min 
Max 
Mode 
Volts 
Freq. (kHz) 
Device 
Suffix 
'c 
Case 


±1000 
11 
15.5 
I 
5.0±2.00/0 
500 
MC34065 
OW 
o to +70 
751G 


P 
648 


MC33065 
OW 
-40 to +85 
751G 


P 
648 


A versatile 
power supply control 
circui1 for microprocessor-based 
systems which is mainly 
intended 
for automotive 
applications 
and battery 
powered 
instruments. 
The device provides 
a power-on 
RESET delay and a watchdog 
feature 
for orderly 
microprocessor 
operation. 


Output 
VCC 
Key 
Regulated 
Current 
Volts 
Ref. 
Supervisory 


Outputs 
mA 
Min 
Max 
Volts 
Features 


E2PROMProgrammable Output: 
150 peak 
6.0 
35 
2.5±3.2% 
MPU Resetand 


24 Volts (Write Model 
Watchdog Circuit 
5.0 Volts (ReadMode) 


Fixed Linear 
Output: 
10 to external 
buffer 
5.0 Volts 
transistor 


Regulates and monitors 
the switching 
transistor 
in power supplies 
based on the free oscillating 
flyback 
converter 
principle. 
Provides excellent Switch mode performance 
in Hi-Fi equipment, 
active loudspeakers, 
as well as applications 


in TV receivers and video recorders. 


'0 
Vcc 
VII 
Max 
mA 
Volts 
Operating 
Ref. 
Ose. 
TA 
Max 
Min 
Max 
Mode 
Volts 
Freq. (kHz) 
Device 
Suffix 
'c 
Case 


±1500 
12.3 
20 
V 
4.2±5.0% 
100 
TOA4601 
- 
-15to 
+85 
762 


B 
707 


II 


A variety of Power Supervisory 
Circuits are offered. Overvoltage sensing circuits which drive "crowbar" 
SCA's are 
provided in several configurations 
from a low cost three-terminal 
version to B-pin devices which provide pin-program- 
mable trip-voltages 
or additional features such as an indicator output drive and remote activation capability. An over- 
under-voltage 
protection circuit is also offered. 


MC3523U - 
TA = - 55° to + 125°C, Case 693 
MC3423P1,U - 
TA = 0° to + 70°C, Case 626, 693 


This device can protect sensi- 
tive circuitry from power supply 
transients 
or regulator 
failure 
when 
used 
with 
an external 


"Crowbar" 
SCA. The device sen- 


ses voltage and compares it to 
an internal 2.6 V reference. Over- 
voltage 
trip 
is adjustable 
by 
means of an external 
resistive 
voltage 
divider. 
A minimum 
duration before trip is program- 
mable with an external capacitor. 
Other features include a 300 mA 
high current 
output 
for driving 
the gate of a "Crowbar" 
SCR, an 
open-collector 
indicator 
output 
and remote activation capability. 


Sense2 
5 
6 
Indicator 
Remote 
Output 


Activation 


Over-Under Voltage Protection Circuit 


MC3425P1 - 
TA = 0° to + 70°C, Case 626 


The MC3425 is a power sup- 
ply 
supervisory 
circuit 
con- 
taining 
all the necessary func- 
tions required 
to monitor 
over- 
and under-voltage 
fault 
condi- 
tions. This device features ded- 
icated over- and under-voltage 
sensing channels with indepen- 
dently 
programmable 
time 
delays. The over-voltage 
chan- 
nel 
has a high 
current 
Drive 
Output 
for 
use in conjunction 
with 
an external 
SCR "Crow- 
bar" for shutdown. 
The under- 
voltage 
channel 
input 
compar- 
ator 
has hysteresis 
which 
is 
externally 
programmable, 
and 
an open-collector 
output 
for 
fault indication. 
5 
2 I 
V.V.O.V. 
DLY 
DLY 


MC34064P-5. 0-5 - 
T A 
MC33064P-5, 0-5 - 
T A 


The MC34064 is an undervol- 
tage sensing 
circuit 
specifically 
designed for use as a reset con- 
troller 
in microprocessor-based 
systems. It offers the designer an 
economical solution for low volt- 
age detection with a single exter- 
nal resistor. 
The MC34064 fea- 
tures 
a trimmed-in-package 
bandgap reference, and a com- 
parator with 
precise thresholds 
and built-in hysteresis to prevent 
erratic reset operation. The open 
collector reset output is capable 
of sinking 
in excess of 10 mA, 


and 
operation 
is guaranteed 
down to 1.0 volt input with low 
standby 
current. These devices 
are packaged in 3-pin TO-92 and 
8-pin surface mount packages. 


Applications 
include 
direct 
monitoring 
of the 5.0 volt MPUI 


logic power supply used in appli- 
ance, 
automotive, 
consumer, 
and industrial 
equipment. 


0° to + 70°C, Case 29, 751 
- 40° to + 85°C, Case 29, 751 


314) 


~ 
Sink Only 
~ 
= 
Positive 
True 
Logic 


Pin numbers 
adjacent 
to terminals 
are for the 3 pin TO-92 
package. 
Pin numbers 
in parenthesis 
are for the 0 suffix 
50-8 
package. 


MC34160P - 
TA 
MC33160P - 
T A 
0° to + 70°C, Case 648C 
- 40° to + 85°C, Case 648C 


The MC34160 Series is a volt- 


age regulator 
and supervisory 
circuit 
containing 
many 
of the 
necessary monitoring 
functions 
required 
in 
microprocessor 
based systems. It is specifically 
designed 
for 
appliance 
and 


industrial 
applications 
offering 
the 
designer 
a cost 
effective 
solution 
with 
minimal 
external 


components. 
These 
integrated 
circuits 
feature a 5.0 V, 100 mA 


regulator 
with short circuit cur- 
rent limiting, 
pinned 
out 2.6 V 


bandgap reference, low voltage 
reset comparator, 
power warn- 
ing comparator 
with 
program- 
mable 
hysteresis, 
and 
an 


uncommitted 
comparator 
ide- 
ally 
suited 
for 
microprocessor 
line synchronization. 


Additional 
features 
include 
a 
chip 
disable 
input 
for 
low 
standby 
current, 
and 
internal 


thermal 
shut-down 
for 
over 


temperature 
protection. 
These devices are contained 
in a 16 pin dual-in-line 
heat tab 
plastic 
package 
for 
improved 
thermal 
conduction. 


This 
device 
acts as a satu- 


rated series pass element with 
a very low voltage drop for load 
currents in excess of 750 mA. In 
the 
event 
of 
an over 
voltage 
condition 
(;;>17.5V typically) 
or 
high voltage transient 
of either 
positive 
or negative 
polarity, 


the MC3397T instantaneously 
switches 
to 
an open 
circuit 
(OFF) state, interrupting 
power 
to the load and protecting 
the 
load 
during 
this 
potentially 
destructive 
condition. 
The 
device will immediately 
recover 
to 
an ON state 
when 
supply 
voltages fall within 
the normal 
operating 
range. 
NOTE: 
·Depending 
on 
Load 
Current 
and 
Transient 
Duration. 
an Output 
Capacitor 
(CO) 
of 
sufficient 
value 
may 
be used 
to hold 
up 
Output 
Voltage 
during 
the 
Transient, 
and 
absorb Turn-off Delay Voltage Overshoot. 


Device 


LM109 
LM117 
LM117L 
LM123.A 
LM137 
LM140.A 
LM150 
LM209 
LM217 
LM217L 
LM223.A 
LM237 
LM250 
LM309 
LM317 
LM317L 
LM317M 
LM323.A 
LM337 
LM337M 
LM340.A 
LM350 
LM2931 
Series 
MC1466L 
MC1468 
MC1568 
MC1723.C 
MC7800 
Series 
MC78LOO.A 
Series 
MC78MOO 
Series 
MC78TOO Series 
MC7900 
Series 
MC79LOO.A 
Series 
MC79MOO 
Series 
MC33160 
MC34160 
TL780 


Function 
Page 


Positive 
Voltage 
Regulator 
3-15 
3-Terminal 
Adjustable 
Positive 
Voltage 
Regulator 
3-20 
Low-Current 
3-Terminal 
Adjustable 
Positive 
Voltage 
Regulator 
3-28 
3-Ampere, 
5 Volt 
Positive 
Voltage 
Regulator 
3-36 
3-Terminal 
Adjustable 
Negative 
Voltage 
Regulator 
3-42 
Three-Terminal 
Positive 
Fixed Voltage 
Regulators 
3-49 
3-Terminal 
Adjustable 
Positive 
Voltage 
Regulator 
3-65 
Positive 
Voltage 
Regulator 
3-15 
3-Terminal 
Adjustable 
Positive 
Voltage 
Regulator 
3-20 
Low-Current 
3-Terminal 
Adjustable 
Positive 
Voltage 
Regulator 
3-28 
3-Ampere. 
5 Volt 
Positive 
Voltage 
Regulator 
3-36 
3-Terminal 
Adjustable 
Negative 
Voltage 
Regulator 
3-42 
3-Terminal 
Adjustable 
Positive 
Voltage 
Regulator 
3-65 
Positive 
Voltage 
Regulator 
3-15 
3-Terminal 
Adjustable 
Positive 
Voltage 
Regulator 
3-20 


Low-Current 
3-Terminal 
Adjustable 
Positive 
Voltage 
Regulator 
3-28 
Medium-Current 
3-Terminal 
Adjustable 
Positive 
Voltage 
Regulator 
3-73 
3-Ampere, 
5 Volt 
Positive 
Voltage 
Regulator 
3-36 
3-Terminal 
Adjustable 
Negative 
Voltage 
Regulator 
3-42 
Medium-Current 
3-Terminal 
Adjustable 
Negative 
Voltage 
Regulator 
3-81 


Three-Terminal 
Positive 
Fixed Voltage 
Regulators 
3-49 


3-Terminal 
Adjustable 
Positive 
Voltage 
Regulator 
3-65 
Low Dropout 
Voltage 
Regulators 
3-88 
Voltage 
and Current 
Regulator 
3-95 
Dual ± 15-Volt Tracking 
Regulator 
3-105 
Dual ± 15-Volt 
Regulator 
3-105 
Adjustable 
Positive 
or Negative 
Voltage 
Regulator 
3-111 
3-Terminal 
Positive 
Voltage 
Regulators 
3-132 
Positive 
Voltage 
Regulators 
3-145 
Positive 
Voltage 
Regulator 
3-151 
Three-Ampere 
Positive 
Voltage 
Regulators 
3-159 
Three-Terminal 
Negative 
Fixed Voltage 
Regulators 
3-168 
Three-Terminal 
Negative 
Fixed Voltage 
Regulators 
3-177 
Three-Terminal 
Negative 
Fixed Voltage 
Regulators 
3-182 
Microprocessor 
Voltage 
Regulator 
and Supervisory 
Circuit 
3-271 
Microprocessor 
Voltage 
Regulator 
and Supervisory 
Circuit 
3-271 
Three-Terminal 
Positive 
Voltage 
Regulators 
3-334 


Device 


MC33060A 
MC33063 
MC33063A 
MC33129 
MC34060 
MC34060A 
MC34063 
MC34063A 
MC34129 
MC35060 
MC35060A 
MC35063 
MC35063A 


Function 
Page 


Switchmode 
Pulse Width 
Modulation 
Control 
Circuits 
3-197 
DC-to-DC Converter 
Control 
Circuits 
3-227 
DC-to-DC Converter 
Control 
Circuits 
3-233 
High Performance 
Current 
Mode Controller 
3-258 
Switchmode 
Pulse Width 
Modulation 
Control 
Circuits 
3-185 
Switch mode 
Pulse Width 
Modulation 
Control 
Circuits 
3-197 
DC-to-DC Converter 
Control 
Circuits 
3-227 
DC-to-DC Converter 
Control 
Circuits 
3-233 
High Performance 
Current 
Mode 
Controller 
3-258 
Switch mode 
Pulse Width 
Modulation 
Control 
Circuits 
3-185 
Switch mode 
Pulse Width 
Modulation 
Control 
Circuits 
3-197 
DC-to-DC Converter 
Control 
Circuits 
3-227 
DC-to-DC Converter 
Control 
Circuits 
3-233 


• 


Device 


SG1525A 
SG1526 
SG1527A 
SG2525A 
SG2526 
SG2527A 
SG3525A 
SG3526 
SG3527A 
Tl494 
TL594 
UC2842A 
UC2843A 
UC3842A 
UC3843A 
ItA78S40 


Function 


Pulse Width 
Modulator 
Control 
Circuits 
. 


Pulse Width 
Modulation 
Control 
Circuits 
. 


Pulse Width 
Modulator 
Control 
Circuits 
. 


Pulse Width 
Modulator 
Control 
Circuits 
. 


Pulse Width 
Modulation 
Control 
Circuits 
. 
Pulse Width 
Modulator 
Control 
Circuits 
. 


Pulse Width 
Modulator 
Control 
Circuits 
. 
Pulse Width 
Modulation 
Control 
Circuits 
. 


Pulse Width 
Modulator 
Control 
Circuits 
. 


Switch mode 
Pulse Width 
Modulation 
Control 
Circuits 
. 


Switch mode Pulse Width 
Modulation 
Control 
Circuits 
. 


High Performance 
Current 
Mode Controller 
. 
High Performance 
Current 
Mode Controller 
. 
High Performance 
Current 
Mode Controller 
. 
High Performance 
Current 
Mode Controller 
. 


Universal 
Switching 
Regulator 
Subsystem 
. 


Device 


MC33065 
MC34065 
TCA5600 
TDA4601,B 


Function 


High Performance 
Dual Channel 
Current 
Mode Controller 
. 


High Performance 
Dual Channel 
Current 
Mode Controller 
. 


Universal 
Microprocessor 
Power Supply 
Controller 
. 


Flyback Converter 
Regulator 
Control 
Circuit 
. 


Device 


MC3397T 
MC3423 
MC3425 
MC3523 
MC33160 
MC34061,A 
MC34062 
MC34064 
MC34160 
MC35062 


Application 
Note 


AN703 
AN920A 


AN954 
AN976 


Page 


3-279 
3-286 
3-279 
3-279 
3-286 
3-279 
3-279 
3-286 
3-279 
3-316 
3-327 
3-344 
3-344 
3-344 
3-344 
3-357 


Page 


3-246 
3-246 
3-294 
3-305 


Function 
Page 


Transient 
Suppressor 
See Chapter 
10 
Overvoltage 
Sensing 
Circuit 
3-117 
Power Supply 
Supervisory/Over-Under-Voltage 
Protection 
Circuit 
3-124 
Overvoltage 
Sensing 
Circuit 
3-117 
Microprocessor 
Voltage 
Regulator 
and Supervisory 
Circuit 
3-271 


Three-Terminal 
Programmable 
Overvoltage 
Sensing 
Circuit 
3-209 
Pin-Programmable 
Overvoltage 
Sensing 
Circuit 
3-216 
Pin-Programmable 
Overvoltage 
Sensing 
Circuit 
3-242 
Microprocessor 
Voltage 
Regulator 
and Supervisory 
Circuit 
3-271 


Pin-Programmable 
Overvoltage 
Sensing 
Circuit 
3-216 


Title 


Designing 
Digitally-Controlled 
Power Supplies 
. 
Theory 
and Applications 
of the MC34063 and j.LA78S40 
Switching 
Regulator 
Control 
Circuits 
. 


Mounting 
Techniques 
for Power Semiconductors 
. 


Related 
Device 


MC1466, 
MC1723 


MC34063, 
ItA78S40 
LM317, 
LM337, 
MC7800, 
MC78MOO, 


MC7900, 
MC79MOO 
MC34063 
A Unique 
Converter 
Configuration 
. 


A New High Performance 
Current-Mode 
Controller 
Teams 
Up with 
Current 
Sensing 
Power 
MOSFETs 
MC34129 
A Simplified 
Power Supply 
Design 
Using the TL494 
Control 
Circuit 
TL494 
130 W Ringing 
Choice Power Supply 
Using TDA4601 
TDA4601,B 


® MOTOROLA 


MONOLITHIC 
POSITIVE 
THREE-TERMINAL 
FIXED VOLTAGE 
REGULATOR 


A versatile positive fixed + 5.0-volt regulator designed for easy 
application 
as on on-card, local voltage regulator for digital 
logic 
systems. Current limiting 
and thermal 
shutdown 
are provided to 
make the units extremely 
rugged. 


In most applications 
only one external component, 
a capacitor, 
is required 
in conjunction 
with 
the LM109 Series devices. Even 
this component 
may be omitted 
if the power-supply 
filter is not 
located an appreciable 
distance from the regulator. 


• 
High Maximum 
Output Current - 
Over 1.0 Ampere 
in 
TO-204AA type Package - 
Over 200 mA in TO-205AD type 
Package. 


• 
Minimum 
External Components 
Required 


• 
Internal Short-Circuit 
Protection 


• 
Internal Thermal 
Overload 
Protection 


• 
Excellent Line and Load Transient 
Rejection 


• 
Designed for Use with Popular MDTL and MTTL Logic 


LMI09 
LM209 
LM309 


POSITIVE 


VOLTAGE 
REGULATOR 


K SUFFIX 


METAL 
PACKAGE 


CASE 
'-03 
!!! 


Inputuou~ut 


, 
0 
0 
3 


Ground 


(Bottom 
View) 
3 
H SUFFIX 
2 
1 
METAL 
PACKAGE 


CASE 
79-05 


ORDERING 
INFORMATION 


Tested Operating 


Device 
Temperature Range 
Package 


lM'09H 
TJ ~ 
-55"C 
to +,50"C 
Metal Can 


lMl09K 
TJ = -55°C 
to +l50°C 
Metal Power 


lM209H 
TJ ~ 
-25"C 
to + '50°C 
Metal Can 


lM209K 
TJ = -25°C 
to + 150°C 
Metal Power 


lM309H 
TJ ~ QOCto + , 25"C 
Metal 
Can 


lM309K 
TJ ~ QOCto +'25°C 
Metal 
Power 


• Required 
if 
regulator 
is located 
an appreciable 


distance from power supply filter. 
Although 
no 
output 
capacitor 
is nceded 
for 
stability. 
it does improve 
transient 
response. 


•• 


Ju nction 
Temperature 
Range 
TJ 
°C 


LM109 
-55 
to 
+150 


LM209 
-25to 
+150 


LM309 
Oto 
+125 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
°C 


Lead Temperature 
TS 
300 
°C 


(soldering, 
t 
0; 605) 


LM1091LM2091 
LM3092 


Charactenstic 
Symbol 
Min 
Tvp 
Max 
Min 
TVp 
Max 
Unit 


Output 
Voltage 
lTJ 
'" "'2SoCI 
Vo 
4.7 
5.05 
53 
4.S 
5.05 
5.2 
Vdc 


Input 
Regulation 
lTJ - +2SoCI 
Regline 
- 
40 
50 
- 
4.0 
50 
mV 


7.0 ~ 
Vin 
~25 
V 


Load Regulation 
(TJ = + 25°C) 
Regload 
mV 


Case '-03 
5.0 mA:s;: 10:S;: 1.5A 
50 
100 
50 
100 


Case 
79-05 
5.0 mA 
:s;:10 :s;:a.SA 
20 
50 
20 
50 


Output 
Voltage 
Range 
Vo 
46 
54 
475 
525 
Vdc 


7.0 
V ~Vln 
~25 
V 


5.0 
mA 
~ 
10 ~ 
Imax' 
p 
~ 
Pmax 


QUiescent 
Current 
(70 
V ~Vin 
~25 
V! 
'S 
52 
10 
5.2 
10 
mAde 


Qu lescent 
Current 
Change 
(7,0 
V < Vin 
~ 
25 V) 
"'S 
05 
0.5 


5.0 
mA 
~ 
In 
~ 
Im'lX 
08 
- 
0.8 


Output 
NOIse 
Voltage 
(TA - +2SoCI 
VN 
40 
- 
40 
- 
~V 


10 Hz ~f 
~ 
100 
kHz 


Long Term 
Stability 
S 
- 
10 
- 
- 
20 
mV 


Thermal 
Resistance. 
Junction 
to Case3 
eJC 
°C/W 


Case 
1-03 ITO-204AA) 
- 
30 
- 
3.0 


Case 79-05 ITO-205ADI 
15 
15 


NOTES: 
,. 
Unless otherwise 
specified, 
these specifications 
apply for 
- 55°C 
<E> TJ ,,;; + 150°C (- 25<><: 
<E> TJ 
<E> 
+ 150°C for the LM209). For Case 79-05, Vin 
= 10 V, 10 = 0.1 A, 


lmax 
= 0.2 A and Pmax = 2.0 W. For Case 1-03, Vin = 10 V, 10 = 0.5 A, Imax 
-= 1.0 A and Pmax 
-= 20 W. 


2. Unless otherwise 
specified, 
these specifications 
apply for O°C,,;; TJ ,,;; + 125°C, Vin 
= 10 V. For Case 79-05, 10 = 0.1 A, lmax 
= 0.2 A and Pmax 
= 2.0 W. For Case 1-03, 


10 = 0.5 A, 1max 
= 
1.0 A and Pmax 
= 20 W. 


3. Without 
a heat sink, the thermal 
resistance 
of the Case 79-05 package is about 
150~CIW, whiie 
that of the Case 1-03 package is approximately 
35°CIW. With a heat sink, 


the effective 
thermal 
resistance can only approach 
the values specified, 
depending 
on the efficiency 
of the heat sink. 


TYPICAL 
CHARACTERISTICS 


(Vin 
= 10 V, T A = +250C 
unless 
otherwise 
noted.) 


100 


50 


~ 
~ 
10 
;::~ 5.0 
~ 
0 
ao 
w 
~ 
1.0 
~ 
0.5 


WAKE 
FIELD 


HEATSINK 


680-75 o~ EDUIV 


INFINITE 


~EATSIN~ 
== 


NO HEAT 
" 
\ 
SINK 


I 
I 
I 


10 


~ 
z 
0;::~~ 1.0 
C~ 
~ 
~ 


INFI~'TE 
HEAT 
SINK 
r-- 
WAKE 
FIELD 
r--. 
HEAT 
SINK 
'\. 


207 OR EQUIV 
t- 


- 
-NO 
HEAT 
\ 
- 
_ 
SINK 


\ 


'- '\. 


TYPICAL 
CHARACTERISTICS 
(continued) 


(Vin 
= 10 V. T A = +2SoC 
unless otherwise 
noted.l 


100 


50 


~ 
z 
0 
10 
>=~ 5.0 
~ 
Q 
'" 
~ 
1.0 
~ 
0.5 


I 
INFINITE 
HEAT 
SINK 
I 
...•.... 


\'lAKE 
FIELD 
: 
HEAT 
SINK 


680·75 
OR 
EDUIV 


I 
.•••..... 
" 
- 
NO HEAT 
....••.. 
= 


SINK 


10 


~ 
z 
0 
>=~ 
~ 1.0 
0 
'"~ 
:<' 
~ 


0.1 


WAKE 
FIELD 
HEAT 
SINK 


680-75 
OR 
EOUIV 


- 
\ 
INFINITE 
- 


,HEAT 
SINK 
- - 
- 


-NO 
HEAT 
- 
-......... 
....• 
\ 
_ 
SINK 


I 
I 
'- 


I 
I 
" 


c: 


~ 
10-0 
« 
~" 


IL~20mA= 
~ 


./ 
./ 
IL 
500 mA 


I 
I 
I 


I 
I 
I 


!; 


~ 
10-1 
o 


FIGURE 
7 - 
PEAK 
OUTPUT 
CURRENT 
(H PACKAGE) 


4.0 


~ 
30 


>-z 
w 
'"'"a 
2.0 
~!; 
oP 1.0 


II 


II 


~ 
5.5 


w 
to 
'"':; 
'"> 
5.0 
•... 
ir•... 
::> 
'"~ 
4.5 


'> 
:::; 2.0 
'";:: 
~ 
w 
1.5 


'"•... 


~ 
1.0 


::> 
'",.;. 


~ 
0.5 
~ 


lM109 


~~~09- 
ONLY 


•..•........•• 


'",- 


- 
lMl09 
"- 


and 
Il = 20 mA 
_ 
lM209 


IONlY 


j 


........... 
Cl- 
0 


..••.••. 


~ 
5.1 


w 
to 
~ 
'";: 
5.0 


ir~ 
'" 
~ 
4.9 


4.8 


-75 
-50 
-25 
0 
+25 
+50 
+75 
+100 
+125 
+150 
+175 


TJ. JUNCTION 
TEMPERATURE 
(OCI 


I 


IL=200mA 


I 


T A = ;250C 


r: 
TA = -55°C 


~ 
TA = }1250C 


;' 
I 
, 
TA = +150oC 
-- 


i 
w 
to 
~ 
0.1 
~ 
w~ 
5z 
~ 


;;c 
~ 60 
•...~ 
'"'" 
::> 


~ 
5.5 
g 
:; 


~ 
5.0 


6.5 


;;C~ 6.0 
•... 
~ 
'"i3 
5.5 
•... 
g 
:; 
d 
5.0 
IE 


lMl0~ 
and 
._ 


lM209 
ONLY 


....~ 
--.•...••.. 


/ 
.....•...•.•0 
IL = 0 


lMl09 


Il=]~ 
~ 
I- 
~~209 
~ 
ONLY 


MJEI090 
OR EQUIV 
r-------, 
I 
I 


FIGURE 
20 - 
5.0-VOL 
T, 10-AMPERE 
REGULATOR 


(with 
Short~ircuit 
Current 
limiting 
for 


Safe-Area 
Protection 
of pass transistors) 


30Vlmax) 


10V(min! 


2N60'9 
OR EQUIV 


II 


~ 
MOTOROLA 


Specifications 
and Applications 
Information 


THREE-TERMINAL 
ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATORS 


The LMl17/217/317 
are adjustable 
3-terminal 
positive 
voltage 
regulators 
capable of supplying 
in excess of 1.5 A over an output 
voltage 
range of 1.2 V to 37 V. These voltage 
regulators 
are ex- 
ceptionally 
easy to use and require only two external 
resistors to 
set the output 
voltage. 
Further, they employ 
internal 
current 
lim- 
iting, 
thermal 
shutdown 
and safe area compensation, 
making 
them essentially 
blow-out 
proof. 


The LMl17 
series serve a wide variety of applications 
including 
local, on card regulation. 
This device can also be used to make 
a programmable 
output 
regulator, 
or by conne~ing 
a fixed resis- 


tor between 
the adjustment 
and output. 
the LMl17 
series can be 
used as a precision 
current 
regulator. 


• Output Current 
in Excess of 1.5 Ampere 
in K and T Suffix 
Packages 
• Output Current 
in Excess of 0.5 Ampere 
in H Suffix 
Package 
• Output Adjustable 
between 
1.2 V and 37 V 
• Internal 
Thermal 
Overload 
Protectiion 
• Internal 
Short-Circuit 
Current 
Limiting 
Constant 
with 
Temperature 
• Output Transistor 
Safe-Area Compensation 
• Floating 
Operation 
for High Voltage Applications 
• Standard 
3-lead Transistor 
Packages 
• Eliminates 
Stocking 
Many Fixed Voltages 


'Adil 
Adjust 


* .: Cin is required 
if regulator 
is located 
an appreciable 
distance 
from 
power 
supply filter. 


* * - Co is not 
needed for 
stability. 
however 
it doe. improve 
tran,ient 
response. 


R2 
Vout = 1.25 
V (1 + R";'") + IAdj 
A2 


Since IAdj is controlled to 
IHI 
than 100 IAA. the .rror associ.ted with this 
term i. negligible in most applications 


LM217 
LM317 


THREE-TERMINAL 
ADJUSTABLE 
POSITIVE 
VOLTAGE 
REGULATORS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


K SUFFIX 
METAL 
PACKAGE 


CASE 
'-03 


T SUFFIX 
PLASTIC 
PACKAGE 
CASE 
221A-04 


PIN 1. ADJUST 


2. Vout 
3. Vin 


H SUFFIX 
METAL 
PACKAGE 
CASE 79-05 


PIN 1. Vin 
2. ADJUST 
3. Vout 


Tested Operllting 
Device 
Temperature Renge 
P_ago 


LM117H 
TJ ~ 
-55"<: to + 150"<: 
Metal Can 
LM117K 
TJ ~ 
-55°C to +150"<: 
Metal Power 
LM217H 
TJ ~ 
-25°C to +150"<: 
Metal Can 
LM217K 
TJ ~ 
-25°C to +150"<: 
Metal Power 


LM317H 
TJ ~ 
O°Cto + 125°C 
Metal Can 
LM317K 
TJ - 
O°Cto + 125"<: 
Metal Power 


LM317T 
TJ ~ 
0"<:to + 125"<: 
Plastic Power 


LM317BT# 
TJ = -40"<: to +125"<: 
Plastic Power 


#Automotive 
temperature 
range selections are available 


with special test conditions 
and additional 
tests. 


Contact your local Motorola 
sales office for information. 


R.ting 
Symbol 
V.lue 
Unit 


Input-output 
Voltage 
Differential 
VI-VO 
40 
Vdc 


Power Dissipation 
Po 
Internally 
Limited 


Operating 
Junction 
Temperature 
Range 
TJ 
°c 
LMI17 
-55 
to 
+ 150 
LM217 
-25 
to 
+ 150 
LM317 
Oto 
+150 


Storage Temperature 
Range 
Tstg 
-65 
to 
+125 
°c 


ELECTRICAL CHARACTERISTICS 
(VI-Va 
= 5.0 V; la 
~ 
0.5 A for 
K and 
T packages; 
la = 0.1 A for 
H package; 
TJ = Tlow 
to 


Thigh 
[see 
Note 
11; Imax 
and 
Pmax 
per 
Note 
2; unless 
otherwise 
specified.1 


LMI17/217 
LM317 


Ch.r.cterlltic 
Figure 
Symbol 
Min 
Typ 
Mo. 
Min 
Typ 
M•• 
Unit 


Line Regulation (Note 3) 
1 
Regline 
- 
0.01 
0.02 
- 
0.Q1 
0.04 
'ioN 


TA ~ 25°C. 3.0 V '" VI-Va'" 
40 V 


load 
Regulation 
INote 31 
2 
Regload 
TA = 25°C. 10 mA 
'lS: 
10:OS; Imax 
Va'" 
5.0 V 
- 
5.0 
15 
- 
5.0 
25 
mV 
Va" 
5.0 V 
- 
0.1 
0.3 
- 
0.1 
0.5 
'10 Va 


Thermal Regulation (TA = +25°CI 
- 
- 
0.02 
0.07 
- 
0.03 
0.07 
'Io/W 
20 ms Pulse 


Adjustment 
Pin Current 
3 
lAd' 
- 
50 
100 
- 
50 
100 
p.A 


Adjustment 
Pin Current Change 
1.2 
~IAdj 
- 
0.2 
5.0 
- 
0.2 
5.0 
p.A 


2.5 V '" VI,Va 
'" 40 V 
10 mA :os;Il :os;Imax• Po 
os;; Pmax 


Reference Voltage (Note 4) 
3 
Vref 
1.20 
1.25 
1.30 
1.20 
1.25 
1.30 
V 


3.0 V '" VI,Va 
'" 40 V 
10 mA :os;10 
os;; Imax• Po :os;Pmax 


Line Regulation 
INote 3) 
1 
Regline 
- 
0.02 
0.05 
- 
0.02 
0.07 
%N 


3.0 V '" VI-Va'" 
40 V 


load 
Regulation (Note 3) 
2 
Regload 
10 mA 
'lS: 10 
'lS: Imax 


Va'" 
5.0 V 
- 
20 
50 
- 
20 
70 
mV 


Va" 
5.0 V 
- 
0.3 
1.0 
- 
0.3 
1.5 
%Vo 


Temperature 
Stability 
(Tlow 
os;; TJ 
os;; Thiahl 
3 
TS 
- 
0.7 
- 
- 
0.7 
- 
'10 Va 


Minimum 
load Current to 
3 
Ilmin 
- 
3.5 
5.0 
- 
3.5 
10 
mA 
Maintain 
Regulation (VI-Va = 40 VI 


Maximum 
Output Current 
3 
Imax 
A 
VI-Va:os; 15 V, Po :os;Pmax 


K and T Packages 
1.5 
2.2 
- 
1.5 
2.2 
- 


H Package 
0.5 
0.8 
- 
0.5 
0.8 
- 
VI,Va 
~ 40 V. Po '" Pmax. 
TA = 25°C 
K and T Packages 
0.25 
0.4 
- 
0.15 
0.4 
_. 


H Package 
- 
0.07 
- 
- 
0.07 
- 


RMS Noise. % of Va 
- 
N 
- 
0.003 
- 
- 
0.003 
- 
'10 Va 
TA = 25°C. 10Hz".'; 
10kHz 


Ripple Rejection. Va 
"" 10 V. f = 120 Hz 
4 
RR 
dB 
INote 
51 
Without 
CAdj 
- 
65 
- 
- 
65 
- 


CAd' 
= 10 "F 
66 
80 
- 
66 
80 
- 


long-Term 
Stability, TJ "" Thigh (Note 6) 
3 
S 
- 
0.3 
1.0 
- 
0.3 
1.0 
%11.0k 
TA 
-= 
2SoCfor Endpoint Measurements 
Hrs. 


Thermal Resistance Junction to Case 
- 
RUJC 
°C/W 
H Package 
- 
12 
15 
- 
12 
15 
K Package 
- 
2.3 
3.0 
- 
2.3 
3.0 
T Package 
- 
- 
- 
- 
5.0 
- 


NOTES: (11Tlow= 
-SsoC for lM1t7 
Thigh = +1SO"CforlM1t7 


= -25°C 
for lM217 
= + 150"C for lM217 


= O°Cfor lM3t7 
+ 12SoCfor lM3t7 
(21Imax -= 1.SA for K and T Packages 


= O.SA for H Package 
Pmax = 20 W for K Package 


-= 20 W for T Package 
= 2.0 W for H Package 


(31 load and line regulation are specified at constant 
junction temperature. Changes in Vo due to heating 


effects must be taken into account separately. Pulse 
testing with low duty cycle is used. 


(4) Selected devices with tightened tolerance reference 
voltage available. 


(5) CAOJ. when used. is connected between the 
adjustment pin and ground. 
(61 Since long-Term 
Stability cannot be measured on 
each device before shipment, this specification is an 
engineering estimate of average stability from lot to lot. 


•• 


JL 


OH 


VOL 


* Pulse Testing Required: 


, % Duty 
Cycle 


is suggested. 


Load Regulation 
(mV) 
E Vo 
(min. 
Load) 
- 
Vo 
(max. 
Load) 


. 
Vo 
(min. Load) 
- 
Vo 
Imax. 
Load) 
I 
rVO Imln 
Load) 
Load RegulatIon 
(%Vo) 
= 
V 
X 100 
U \ 
. 


Vout 
0 (mIn. 
Load) 
Va (max. 
Load) 


'L 


Adjust 
A, 
240", 


IAdj 


A2", 


C;n T 0.1 ~F 


24V-" 


14V----V 


f = 120 Hz 


To 
Calculate 
R2: 


VO'" 
ISET R2 + 1.250 
V 


Assume 
ISET 
,.. 5.25 
mA 


,,. 


CADJ 
~~~ 
10 JlF 
,, 


l 
0.4 
~ 
z 
0.2 
g 


'"<':; 
-0.2 
'"> 
.... 
-0.4 
=>~ 
.... 
=> 
-0.6 
'"" 
> 
-0.8 
<J 


'L ~ 0.5 A 
- 
---r--. 


'L ~ 1.5 A •••••••••t'-.. 


- 
V, ~ 15 V 


VO ~ 10 V 


_TJ"'250C - r-~ 
r---:-::t':--~'- 
- 


J 
TJ'= 150°C 
...• 
TJ'" -55°C 


I 
..••..~ 
~, 
-:::..: ..::::...- -- 
$ 
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....z 
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f--- 
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FIGURE 8 - 
DROPOUT VOL TAGE 
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T J" -5SoC 


,,/ 
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,. 
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"" 
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~ 


80 
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60 
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ii' 
~- 
10 


I 
I 


CAOJ - 10.f 


'~ ---- 


WITHOUT 
CAOJ 


- 
VI-Vg=5V 
- 


Il "50 
mA 
t", 
120 Hz 


- 
TJ:: 
2SoC 


I 


I 
I 


11\ 


CL ::lJ.1F;CAOJ=10J.lF 
."- 
} 


Vo 
= 10 V 
1/ 


~ 
=50mA 
A 


J" 
2SOC 
\. 


Cl 
=,o;WIT~OUT 
C,AOJ -~ 


---J 


" 
I 
I 


CADJ" 
10 ~F 
- 


r- 
WITHOUT 
CAOJ - 


f-- 
VI'" 
15V 
Vo 
-10V 
f:: 120 Hz 
f-- 
TJ:: 
2SoC 
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oZ 
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BASIC CIRCUIT 
OPERATION 
The 
LM117 
is a 3·terminal 
floating 
regulator. 
In opera· 
tion, 
the 
LM117 
develops 
and maintains 
a nominal 
1.25 
volt 
reference 
(Vref) 
between 
its output 
and adjustment 
terminals. 
This 
reference 
voltage 
is converted 
to a pro· 
gramming 
current 
(IPROG) 
by 
Rl 
(see Figure 
17), 
and 
this 
constant 
current 
flows 
through 
R2 to 
ground. 
The 
regulated 
output 
voltage 
is given by: 


R2 
Vout 
= Vref 
(1 + Al) + IAdj R2 


Since 
the current 
from 
the adjustment 
terminal 
(IAdj) 
represents 
an error 
term 
in the equation, 
the 
LM117 
was 
designed 
to control 
IAdj to less than 
100 IlA and keep it 
constant. 
To 
do 
this, 
all quiescent 
operating 
current 
is 
returned 
to the output 
terminal. 
This imposes 
the require- 
ment 
for 
a minimum 
load current. 
If the 
load current 
is 
less than 
this minimum, 
the ouWut 
voltage 
will rise. 


Since 
the 
LMI17 
is a floating 
regulator, 
it is only 
the 
voltage 
differential 
across 
the 
circuit 
which 
is important 
to 
performance, 
and 
operation 
at 
high 
voltages 
with 
respect 
to ground 
is possible. 


LOAD 
REGULATION 
The 
LM117 
is capable 
of 
providing 
extremely 
good 
load 
regulation, 
but 
a 
few 
precautions 
are 
needed 
to 
obtain 
maximum 
performance. 
For best performance, 
the 
programming 
resistor 
(Rl) 
should 
be connected 
as close 
to the regulator 
as possible 
to minimize 
line drops 
which 
effectively 
appear 
in series 
with 
the 
reference, 
thereby 
degrading 
regulation. 
The 
ground 
end 
of 
R2 
can 
be 
returned 
near 
the 
load ground 
to provide 
remote 
ground 
sensing and improve 
load regu lation. 


EXTERNAL 
CAPACITORS 
A 0.1 IlF disc or 1 IlF tantalum 
input 
bypass 
capacitor 
(Cin) 
is recommended 
to 
reduce 
the 
sensitivity 
to input 


line impedance. 


The adjustment 
terminal 
may be bYpassed 
to ground 
to 
improve 
ripple 
rejection. 
This capacitor 
(CADJ) 
prevents 
ripple 
from 
being 
amplified 
as 
the 
output 
voltage 
is 
increased. 
A 
10 
IlF 
capacitor 
should 
improve 
ripple 
rejection 
about 
15dB at 120 Hz in a 10 volt application. 
Although 
the 
LM 117 
is stable 
with 
no output 
capaci- 
tance, 
like any feedback 
circuit, 
certain 
values of external 
capacitance 
can cause excessive 
ringing. 
An output 
capaci· 
tance 
(Co) 
in the 
form 
of 
a 
1 IlF 
tantalum 
or 25 IlF 
aluminum 
electrolytic 
capacitor 
on 
the 
output 
swamps 
this effect 
and insures stability. 


PROTECTION 
DIODES 
When 
external 
capacitors 
are used 
with 
any 
I.C. regu· 
lator 
it is sometimes 
necessary 
to add protection 
diodes 
to 
prevent 
the 
capacitors 
from 
discliarging 
through 
low 
current 
points 
into the regulator. 
Figure 
18 shows 
the 
LM 117 with 
the 
recommended 
protection 
diodes 
for output 
voltages 
in excess of 25 V or 
high 
capacitance 
values 
(Co> 
25 IlF, 
CADJ 
> 
10 IlF). 


Diode 
D 1 prevents 
Co 
from 
discharging 
thru 
the 
I.C. 


during 
an 
input 
short 
circuit. 
Diode 
D2 protects 
against 
capacitor 
CADJ 
discharging 
through 
the 
I.C. during 
an 
output 
short 
circuit. 
The 
combination 
of diodes 
Dl 
and 
D2 
prevents 
CADJ 
from 
discharging 
through 
the 
I.C. 


during 
an input 
short circuit. 


Cin T 
T 


Co 
°z 
lN400Z 


Current 
1K 


Limit 
Adjust 


•• 
To provide current 
limitmg 
of 10 
100 


to the system ground, 
the source of 
the FET must be tied to a negative 
vol tage below - 1.25 V 


Vref 
A2;;;' 
lOSS 


Vref 
A1"'----- 


IOmall( 
-+ lOSS 


Vo< 
BVOSS-+ 
1.25V-t 
VSS 


ILmin 
- 
lOSS 
< 
10 < 
1.5 
A 
As shown a < 10 < 1 A 


°5 


lN4001 I 
0, 


lN4001 


lN4001 
°2 
I10~F 


OUTPUT 
RANGE: 


a 
c;;; 
Va 
c;;; 
25 V 
o 
C;;; 
10 
C;;; 
1.2 A 


I '.O~F 


Vref 
lout 
= (A'1) 
-+ IAdj 


::::= 1.25 
V 
R, 


Specifications 
and Applications 
Information 


THREE·TERMINAL 
ADJUSTABLE 
OUTPUT POSmVE 
VOLTAGE REGULATORS 


The LM117U217U317L 
are adjustable 
3-terminal 
positive 
volt- 
age regulators 
capable of supplying 
in excess of 100 mA over an 
output 
voltage 
range of 1.2 V to 37 V. These voltage 
regulators 
are exceptionally 
easy to use and require 
only two external 
re- 
sistors to set the output 
voltage. 
Further, they employ 
internal 
current 
limiting, 
thermal 
shutdown 
and safe area compensation, 
making them essentially 
blow-out 
proof. 


The LM117L series serves 
a wide 
variety 
of applications 
in- 
cluding 
local, on card regulation. 
This device can also be used to 
make a programmable 
output 
regulator, 
or by connecting 
a fixed 
resistor 
between 
the adjustment 
and output, 
the LM117L series 
can be used as a precision 
current 
regulator. 


• 
Output Current 
in Excess of 100 mA 


• 
Output Adjustable 
Between 
1.2 V and 37 V 


• 
Internal Thermal 
Overload 
Protection 


• 
Internal 
Short-Circuit 
Current 
Limiting 


• 
Output Transistor 
Safe-Area Compensation 


• 
Floating 
Operation 
for High Voltage Applications 


• 
Standard 
3-Lead Transistor 
Packages 


• 
Eliminates 
Stocking 
Many Fixed Voltages 


'Adil 
Adjust 


• 
., Cin i, required 
if regulator 
is located 
en appreciable 
distance from 
power 
.upply 
filte,. 
.*- Co i. not n•• ded for stability. 
however 
it doet 
impro ••••tranlient 
,••pon,•. 


A2 
Vout 
= 1.25 V (1 + A"'1l + IAdj 
A 2 


Since IAdj i, controlled to I••• than 100 IJA, the .rror a.,oeiated 
with this 
term I' negligible in mOlt applications 


Lm~J./L 
LM317L 


LOW·CURRENT 
THREE-TERMINAL 
ADJUSTABLE 
POSITIVE 
VOLTAGE 
REGULATORS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


Z SUFFIX 
PLASTIC 
PACKAGE 
CASE 
29-04 ,I 


2 3 


PIN 1. AOJUST 


1. VOUT 


3. VIN 


H SUFFIX 
METAL 
PACKAGE 
CASE 
79-05 ,fi), 
/Iro 


' 
0 
0 
0 
3 


CASE 
IS OUTPUT 


PIN 1. VIN 


1. AOJUST 


3. VOUT 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
SOP-S" 


PIN 1. VIN 


1. VOUT 


3. VOUT 
4. ADJUST 
5. N.C. 


6. VOUT 


7. VOUT 
8. N.C. 


SOP-8 is an internally modified 50-8 Package. Pins 
2, 3. 6 and 7 are electrically common to the die 
attach flag. This internal lead frame modification 
decreases 
package 
thermal 
resistance 
and 
increases 
power 
dissipation 
capability 
when 
appropriately mounted on a printed circuit board. 
50P-8 conforms to all external dimensions of the 
standard 50·8 Package. 


Tested Operating 
Device 
Temperature 
Range 
Package 


LMl17LH 
TJ ~ -55'Cto 
+ 150'C 
Metal Can 


LM217LH 
TJ: 
-15'C to + 150'C 
Metal Can 


LM3171D 
sop·a 


LM317LH 
TJ "" ODCto +125°C 
Metal Can 


LM317LZ 
Plastic 


LM317LBU 
TJ "" _40°C to +125°C 
Plastic 


Rating 
Symbol 
Valua 
Unit 


Input·Qutput 
Voltage 
Differential 
VI-VO 
40 
Vdc 


Power Dissipation 
Po 
Internally 
Limited 


Operating 
Junction 
Temperature 
Range 
lM117l 
TJ 
-55 to + 150 
°C 
lM217l 
-25 to + 150 
lM317l 
o to + 125 


Storage 
Temperature 
Range 
Tstg 
-65 to.1 50 
°C 


ELECTRICAL CHARACTERISTICS 
(V 
V 
50V 
I 
4OmA"T 
T 
1- 
0= 
;0= 
J = 
low 
hioh 
max 
max 
LM117LJ217L 
LM317L 


Characteriotlc 
Figure 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Mex 
Unit 


Line Regulation (Note 3) 
1 
Regline 
- 
0.01 
0.02 
- 
0.01 
0.04 
"IoN 


TA = 25"C, 3.0 V" 
VI-Va" 
40 V 


Load Regulation (Note 3), TA = 25"C 
2 
Regload 
5.0 mA" 
10" Imax -lMl17L1217L 
10 mA " 10" Imax - 
LM317l 
Va" 
5.0 V 
- 
5.0 
15 
- 
5.0 
25 
mV 
Va •• 5.0 V 
- 
0.1 
0.3 
- 
0.1 
0.5 
%Vo 


Adjuslment 
Pin Current 
3 
lAd' 
- 
50 
100 
- 
50 
100 
p.A 


Adjustmenl 
Pin Current Change 
1,2 
6.IAdj 
- 
0.2 
5.0 
- 
0.2 
5.0 
p.A 


2.5 V" 
VI-Va" 
40 V, Po" 
Pmax 
5.0 mA " 10" Imax - 
lMl 
17L1217L 
10 mA " 10" Imax - 
LM317L 


Relerence Voltage (Note 4) 
3 
Vrel 
1.20 
1.25 
1.30 
1.20 
1.25 
1.30 
V 
3.0 V" 
VI-Va" 
40 V, Po" 
Pmax 
5.0 mA" 
10" Imax - 
LMl17L1217L 
10 mA " 10" Imax - 
LM317L 


Line Regulation (Note 3) 
1 
Regline 
- 
0.02 
0.05 
- 
0.02 
0.07 
%N 
3.0 V" 
VI-Va" 
40 V 


Load Regulation (Note 3) 
2 
Regload 
5.0 mA" 
10" Imax - 
LMl17L1217L 
10 mA" 
10" Imax - 
LM317L 
Va" 
5.0 V 
- 
20 
50 
- 
20 
70 
mV 
Va •• 5.0 V 
- 
0.3 
1.0 
- 
0.3 
1.5 
%VO 


Temperature Stability (Tlow " TJ " Thiahl 
3 
TS 
- 
0.7 
- 
- 
0.7 
- 
%VO 


Minimum 
Load Current 
to Maintain 
3 
ILmin 
- 
3.5 
5.0 
- 
3.5 
10 
mA 
Regulation (VI- Va = 40 VI 


Maximum 
Output 
Current 
3 
Imax 
mA 
VI- Va " 20 V, Po " Pmax, H Package 
100 
200 
- 
100 
200 
- 
V,- Va " 6.25 V, Po " 
Pmax, Z Package 
100 
200 
- 
100 
200 
- 
v,-Vo 
= 40 V, Po" 
Pmax, TA = 25"C 
H Package 
- 
50 
- 
- 
50 
- 
Z Package 
- 
20 
- 
- 
20 
- 


RMS Noise, % 01 Va 
- 
N 
- 
0.003 
- 
- 
0.003 
- 
%VO 
TA = 25"C, 10 Hz" 
I" 
10 kHz 


Ripple Rejection INote 5) 
4 
RR 
dB 
Va = 1.25 V, I = 120 Hz 
66 
80 
- 
60 
80 
- 
CAOJ = 10 I'F Va = 10.0 V 
- 
80 
- 
- 
80 
- 


Long Term Stability, TJ = Thigh (Note 61 
3 
S 
- 
0.3 
1.0 
- 
0.3 
1.0 
%11.0k 
TA = 25"C lor Endpoint Measurements 
Hrs. 


Thermal Resistance Junction to Case 
- 
R8JC 
"CIW 
H Package 
- 
40 
- 
- 
40 
- 
Z Package 
- 
- 
- 
- 
83 
- 


Thermal Resistance Junction to Air 
- 
R8JA 
"CIW 
H Package 
- 
185 
- 
- 
185 
- 
Z Package 
- 
- 
- 
- 
160 
- 


NOTES' 


(1) Tlow 
= -55°C 
for LM117l 


-25°C 
for LM21 
7L 
DOC for lM317L 


(2) 1max = 100 mA 
Pmax = 2 W for H Package 
= 625 mW for Z Package 


Thigh = +150°C 
for LM117l 


= +150°C for LM217l 


= +125°C for lM317L 


(3) Load and line regulation 
are specified 
at constant 
junction 
temperature 


Changes 
in Va 
due 
to heating 
effects 
must 
be taken 
into 
account 
separately. 
Pulse testing 
with 
low duty cycle is used 


(4) Selected 
devices 
with 
tightened 
tolerance 
reference 
voltage 
available 


(5) CADJ. 
when 
used, 
is connected 
between 
the 
adjustment 
pin 
and 
ground. 


(6) Since 
Long Term Stability 
cannot 
be measured 
on each device 
before 


shipment. 
this 
specification 
is an engineering 
estimate 
of average 
staoillty 
from 
lot to lot 


• 


• 


• Pul •• Testing 
Required: 
1% Duty Cycle 


J. lugO.,ted. 


Load 
Regulation 
(mV) 
- Vo (min. 
Load) 
- Vo Ime •• 
Load) 


Va (min. 
Load) 
- 
Vo (m ••• 
Load) 
--, 
,VQ 
(mln 
LOad) 
Load 
Regulation 
("VO) 
- 
V 
X 100 
U V 
. 
V 
out 
0 (min. 
Load) 
Vo (me •• 
Load) 


IL 


Adjutt 
R, 
2.0,,. 


IAdj 


R2,,. 


14.30V-r--\ 


4.30V---V 


f-120Hz 


To Calculate A2: 


Va 
- 
'SET 
A2 + 1.250 
V 


A •• um. ISET 
= 5.25 
mA 


,. 


CADJ ;~~ 
10"F 
,, 


l 
0.4 
w 
~ 
0.2 


""~ 
w~ 
~ 
-0.2 
o> 


~ 
-D .• 


5, -0.6 
6 
~ 
-0.8 


I 
I 


Vin"45V 
~ 


./ 
Vout" 
5 II 


Il=5to40mA_ 


:r 


lIin· 
10 II 


lIoUI:: 
5 II 


Il" 
510 100 mA 


-.............. 


TJ -150C 


"" " 


......•.•~ 
"'- 


""'- 
TJ - 1500C 
•..•... 
"- 


...•..•..•... 
'" 
...•.• 


..•..... 


~ 
0.40 
~ 
!z 
~ 
0.30 
~~ 
~ 
0.20 
::>o 
6 
- 
0.10 


oo 
10 
10 
30 
40 
50 


VI- 
VO.INPUT 
- 
OUTPUT 
VOLTAGE 
DIFFERENTIAL 
(VOLTS) 


5.0 


4.5 


;( 
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BASIC CIRCUIT 
OPERATION 
The 
LMl17L 
is a 
3-terminal 
floating 
regulator. 
In 
operation, 
the 
LMl17L 
develops 
and maintains 
a nominal 
1.25 volt 
reference 
(V ref) between 
its output 
and adjust- 
ment 
terminals. 
This 
reference 
voltage 
is converted 
to a 
programming 
current 
(IPROG) 
by 
Rl 
(see 
Figure 
13). 


and 
this 
constant 
current 
flows 
through 
R2 to 
ground. 
The regulated 
output 
voltage 
is given by: 


R2 
Vout 
= Vref 
(1 + Al) + IAdj R2 


Since 
the 
current 
from 
the adjustment 
terminal 
(IAdj) 
represents 
an error 
term 
in the equation, 
the 
LMl17L 
was 
designed 
to control 
IAdj to less than 
100 IJ.A and 
keep it 
constant. 
To 
do 
this, 
all 
quiescent 
operating 
current 
is 
returned 
to the output 
terminal. 
This imposes 
the require- 
ment 
for 
a minimum 
load current. 
If the 
load current 
is 
less than 
this minimum, 
the output 
voltage 
will rise. 
Since 
the 
LMl17L 
is a floating 
regulator, 
it is only the 


voltage 
differential 
across 
the 
circuit 
which 
is important 
to 
performance, 
and 
operation 
at 
high 
voltages 
with 
resPect 
to ground 
is possible. 


LOAD 
REGULATION 
The 
LMl17L 
is capable 
of 
providing 
extremely 
good 
load 
regulation, 
but 
a 
few 
precautions 
are 
needed 
to 
obtain 
maximum 
performance. 
For best performance, 
the 
programming 
resistor 
(R 1) should 
be connected 
as close 
to the regulator 
as possible 
to minimize 
line drops 
which 
effectively 
appear 
in series 
with 
the 
reference, 
thereby 
degrading 
regulation. 
The 
ground 
end 
of 
R2 
can 
be 
returned 
near 
the 
load ground 
to provide 
remote 
ground 
sensing 
and improve 
load regulation. 


EXTERNAL 
CAPACITORS 
A 0.1 IJ.F disc or 1 IJ.F tantalum 
input 
bypass 
capacitor 
(Cin) 
is recommended 
to 
reduce 
the 
sensitivity 
to input 


line impedance. 
The adjustment 
terminal 
may be bypassed 
to ground 
to 
improve 
ripple 
rejection. 
This capacitor 
(CADJ) 
prevents 


ripple 
from 
being 
amplified 
as 
the 
output 
voltage 
is 
increased. 
A 
10 
IJ.F capacitor 
should 
improve 
ripple 
rejection 
about 
15dB at 120 Hz in a 10 volt application. 
Although 
the 
LM117L 
is stable 
with 
no output 
capaci- 
tance, 
like any feedback 
circuit, 
certain 
values of external 
capacitance 
can cause excessive 
ringing. An output 
capaci· 
tance 
(Co) 
in the 
form 
of 
a 
1 IJ.F tantalum 
or 
25 IJ.F 
aluminum 
electrolytic 
capacitor 
on 
the 
output 
swamps 
this effect 
and insures 
stability. 


PROTECTION 
DIODES 
When 
external 
capacitors 
are used 
with 
any 
I.e. 
regu- 


lator 
it is sometimes 
necessary 
to add protection 
diodes 
to 
prev,ent 
the 
capacitors 
from 
discharging 
through 
low 
current 
points 
into the regulator. 


Figure 
14 shows 
the 
LM117L 
with 
the 
recommended 
protection 
diodes 
for output 
voltages 
in excess 
of 25 V or 


high 
capacitance 
values 
(Co> 
10 IJ.F, CADJ 
> 
5 IJ.Fl. 


Diode 
Dl 
prevents 
Co 
from 
discharging 
thru 
the 
I.e. 


during 
an 
input 
short 
circuit. 
Diode 
D2 protects 
against 
capacitor 
CADJ 
discharging 
through 
the 
I.C, during 
an 


output 
short 
circuit. 
The 
combination 
of diodes 
Dl 
and 
D2 
prevents 
CADJ 
from 
discharging 
through 
the 
I.C. 


during 
an input 
short 
circuit. 


·To 
provide 
current 
limiting 
of 10 to 
02 
the system ground, 
the source of the 
1N914 
current 
limiting 
diode 
must be tied 
to a negative voltage 
below -7.25 
V. 


A 
;;a.~ 
2 
lOSS 
1N5314 


Vref 
R1 = lOmax 
+ lOSS 


Vo < POV + 1.25 V + VSS 
ILmin 
-Ip 
< 10 < 100mA 
-Ip 
VSS* 
As shown 0 < 10 < 95 mA. 


I1.0"F 


loutmax 
: 
(V~~f 
) 
+ 
ladj 


loutmin 
= 
(A 
~ :e~2 
) 
+ 
ladj 
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LM223, LM223A 
LM323, LM323A 


Specifications 
and Applications 
Information 


The LM123,A!LM223,A!LM323,A 
are a family 
of monolithic 
inte- 
grated circuits which supply 
a fixed positive 
5.0 volt output with 
a load driving 
capability 
in excess of 3.0 amperes. These three- 
terminal 
regulators employ internal current limiting, thermal shut- 
down, 
and safe-area 
compensation. 
An 
improved 
series with 
superior 
electrical 
characteristics 
and a 2% output voltage 
toler- 
ance is available 
as A-suffix 
(LM123A!LM223A!LM323Al 
device 
types. 


These regulators are offered in a hermetic metal power package 


in three operating 
temperature 
ranges. A DoCto + 125°C temper- 
ature range version 
is also available 
in a low cost plastic power 
package. 


Although 
designed primarily 
as a fixed voltage regulator, these 
devices can be used with external 
components 
to obtain adjust- 
able voltages 
and currents. 
This series of devices can be used 
with 
a series pass transistor 
to supply 
up to 15 amperes 
at 5.0 
volts. 


• 
Output Current in Excess of 3.0 Amperes 


• 
Available with 2% Output Voltage Tolerance 


• 
No external Components Required 


• 
Internal Thermal Overload Protection 


• 
Internal Short-Circuit 
Current Limiting 


• 
Output Transistor Safe-Area Compensation 
• 
Thermal Regulation and Ripple Rejection Have Specified Limits 


3-AMPERE, 
5 VOLT 
POSITIVE 
VOLTAGE 
REGULATORS 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


K SUFFIX 
METALPACKAGE 
CASE1-03 


PIN 1. INPUT 
2. OUTPUT 
CASE GROUND 


Rating 
Symbol 
Value 
Unit 


Input Voltage 
Vin 
20 
Vdc 


Power 
Dissipation 
PD 
Internally 
limited 


Operating 
Junction 
Temperature 
LM123. A 
TJ 
-55to 
+150 
°C 
Range 
LM223. A 
-25to 
+150 
LM323. A 
Oto +150 


Storage 
Temperature 
Range 
Tsta 
-65to 
+125 
°C 


Lead Temperature 
(Soldering, 
10 s) 
T solder 
300 
°C 


T SUFFIX 
PLASTICPACKAGE 
CASE221A-04 


PIN 1. INPUT 
2. GROUND 
3. OUTPUT 


Output Voltage 
THted 
Operetlng 
Device 
Tolerance 
Junction 
Temp. 
Renge 
Package 


LM123K 
6% 
-55 to +150°C 
Metal 
Power 
LM123AK 
2% 


LM223K 
6% 
-25 to +150°C 
LM223AK 
2% 


LM323K 
4% 
o to +125°C 
LM323AK 
2% 


LM323T 
4% 
Plastic Power 
LM323AT 
2% 


STANDARD APPLICATION 


I"P.utt 
LM123.A 
~outPut 


Con 
t 
CO" 
0.33 ~F ~ 
± 
~ 


A common 
ground 
is required 
between 
the 
input and the output voltages. 
The input volt- 
age must remain 
typically 2.5 V above the out- 
put voltage even during the low point on the 
input ripple voltage. 


.• = Cin is required 
if regulator 
is located 
an 
appreciable 
distance 
from 
power 
supply 
filter. 
(See 
Applications 
Information 
for 
details.) 


•• 
= Co 
is not needed 
for stability; 
however, 
it does improve 
transient 
response. 


LM123A1LM223A1LM323A 
LM123/LM223 
LM323 
Unit 
Ch.r.cteriltic 
Symbol 
Min 
Typ 
M•• 
Min 
Typ 
Mo. 
Min 
Typ 
Mo. 


Output 
Voltage 
Vo 
4.9 
5.0 
5.1 
4.7 
5.0 
5.3 
4.8 
5.0 
5.2 
V 


(Vio:= 
7.5 
V, O~ 
lout 
~ 
3.0 A TJ = 25°C) 


Output 
Voltage 
Vo 
4.8 
5.0 
5.2 
4.6 
5.0 
5.4 
4.75 
5.0 
5.25 
V 


(7.5 V~ 
Vin~ 
15 V. O~ 
lout~ 
3.0 A. 


P ~ 
Pmax 
[Note 
2J) 


Line 
Regulation 
Regline 
- 
1.0 
15 
- 
1.0 
25 
- 
1.0 
25 
mV 


(7.5 
V~ 
Vin 
~ 
15 V, TJ:= 
25°CIINote 
3) 


Load Regulation 
Regload 
- 
10 
50 
- 
10 
100 
- 
10 
100 
mV 


(Vi":= 
7.5 
V. O:E;; lout 
~ 
3.0 
A. TJ:= 
25°CI 


(Note 
3) 


Thermal 
Regulation 
Aegtherm 
- 
0.001 
0.01 
- 
0.002 
0.03 
- 
0.002 
0.03 
"IoVO/W 


(Pulse:= 
10 ms, 
P= 
20 
W. fA:= 
25°C) 


Quiescent 
Current 
18 
- 
3.5 
10 
- 
3.5 
20 
- 
3.5 
20 
mA 


(7.5 
V~ 
Vin~ 
15 V. O~ 
lout~ 
3.q Al 


Ou;,put 
Noise 
Voltage 
VN 
- 
40 
- 
- 
40 
- 
- 
40 
- 
.uVrms 


(10Hz 
~ f ~ 
100kHz, 
TJ := 25°C) 


Ripple 
Rejection 
RR 
62 
75 
- 
62 
75 
- 
62 
75 
- 
d8 


(8.0 v~ Vin~ 
18 V,lout 
= 2.0 A, 


f= 
120 
Hz. TJ= 
25°C) 


Short 
Circuit 
Current 
Limit 
ISC 
A 


(Vin:= 
15 V. TJ:= 
25°C) 
- 
4.5 
- 
- 
4.5 
- 
- 
4.5 
- 


(Vio:= 
7.5 
V. TJ = 25°C) 
- 
5.5 
- 
- 
5.5 
- 
- 
5.5 
- 


Long 
Term 
Stability 
S 
- 
- 
35 
- 
- 
35 
- 
- 
35 
mV 


Thermal 
Resistance 
Junction 
to Case 
R8JC 
- 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
°C/W 


(Note 
4) 


Note 
1. flow: 
-55°C 
for 
LM123. 
A 


: -25°C 
for 
LM223. 
A 


OOC for 
LM323. 
A 


Thigh: 
+150°C 
for 
LM123, 
A 


: +150°C 
for 
LM223. 
A 


= +125°C 
for 
lM323, 
A 


Note 
3. 
load 
and 
line 
regulation 
are specified 
at constant 
Junction 
tem- 


perature. 
Pulse testing 
IS required 
with 
a pulse 
width~ 
1.0 msand 


a duty 
cycle 
~ 
5%. 


Note 2. Although power dissipation is internally limited, specifications 
apply only for P :!lO Pmax 
Pmax ::: 30 W for K package 
Pmax ::: 25 W for T package 


Note 4. Without a heat sink, the thermal resistance(RBJAis 350C1'N 
for 
the K package,and 65°C!Wfor the T package.With a heat sink. 
the effective thermal resistancecan approach the specified val- 
ues of 2.0°C!W.depending on the efficiency of the heat sink. 


The performance 
of a voltage regulator 
IS specified by its lmmu· 


nity 
to changes 
in load, input 
voltage. 
power 
dissipation, 
and 


temperature. 
Une and load regulation 
are tested with a pulse of 
short duration 
« 
100 liS) and are strictly 
a function 
of electrical 


gain. However, 
pulse widths 
of longer duration 
(> 
1.0 ms) are 


sufficient 
to affect temperature 
gradients 
across the die. These 


temperature 
gradients can cause a change in the output voltage, 


in addition to changes caused by line and load regulation. 
Longer 
pulse widths 
and thermal 
gradients 
make it desirable 
to specify 


thermal 
regulation. 
Thermal 
regulation 
is defined as the change in output voltage 
caused by a change in dissipated 
power for a specified time, and 
is expressed as a percentage output voltage change per watt, The 


change in dissipated 
power can be caused by a change in either 
the input voltage or the load current. 
Thermal regulation 
ISa func- 
tion of I.e, layout and die attach techniques, 
and usually occurs 
within 
10 ms of a change In power dissipation. 
After 10 ms, addi- 


tional changes in the output 
voltage are due to the temperature 


coefficient 
of the device. 


Figure 1 shows the line and thermal 
regulation 
response of a 
typical LM 123A to a 20 watt input pulse. The variatio:l 
of the out- 
put voltage due to line regulation 
is labeled CD and the thermal 
regulation 
component 
is labeled 0. Figure 2 shows the load and 
thermal 
regulation 
response of a typical LM123A to a 20 watt load 
pulse. The output voltage variation due to load regulation is labeled 
CD and the thermal 
regulation 
component 
is labeled @. 
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Design Considerattons 


The 
lM123.A 
Series 
of 
fixed 
voltage 
regulators 
are 
designed 
with 


Thermal 
Overload 
Protection 
that 
shuts 
down 
the circuit 
when 
subjected 


to an excessive 
power 
overload 
condition. 
Internal 
Short-Circuit 
Protection 


that 
limits 
the maximum 
current 
the circuit 
will 
pass. and Output 
Transis- 


tor Safe-Area 
Compensation 
that reduces 
the output 
short-circuit 
current 


as the voltage 
across 
the pass transistor 
IS increased 


In many 
low 
current 
applicatIons. 
compensation 
capacitors 
are 
not 


required. 
However. 
It IS recommended 
that the reg ulator 
input 
be bypassed 


with 
a capacitor 
If the regulator 
IS connected 
to the power 
supply 
filter 
WIth 


Inpu, 
~ 
LM123, 
A 
~ 


0.33 
IJF J_ 
~-~X--~ 
R 
1 
Con".n' 
• 
CUHen'to 
~ 
Grounded 
load 


For 
example, 
a 2-ampere 
current 
source 
would 
require 
R to 
be a 2.5 


ohm, 
15 W 
resistor 
and 
the 
output 
voltage 
compliance 
would 
be the 


input 
voltage 
less 
7.5 volts. 


2N4398 
or Equiv 


InpUt~ 
+ 


A 
LM 123. 
A 
Output 
I 
1.0IJ.F~ 
JO.1IJ.F 


The 
lM123,A 
series 
can be current 
boosted 
with 
a PNP transistor. 
The 


2N4398 
provides 
current 
to 
15 amperes. 
Resistor 
R in conjunction 
with 


the 
VSE 
of the 
PNP determines 
when 
the 
pass 
transistor 
begins 
con- 


ducting; 
this 
circuit 
is not 
short·circuit 
proof. 
Input-output 
differential 


voltage 
minimum 
is increased 
by the 
VSE of the 
pass transistor. 


long 
wire 
lengths. 
or if the output 
load capacital"lce 
is large. 
An input 
by- 


pass capacitor 
should 
be selected 
to provide 
good high-frequency 
charac- 


teristics 
to insure 
stable 
operation 
under 
all load conditions. 
A 0.33 
jJF or 


larger 
tantalum, 
mylar. 
or other 
capacitor 
having 
low internal 
impedance 


at hig" 
frequencies 
should 
be chosen. 
The 
bypass 
capacitor 
should 
be 


mounted 
with 
the shortest 
possible 
leads 
directly 
across 
the regulator's 


Input 
terminals. 
Normally 
good 
construction 
techniques 
should 
be used 


to minImize 
ground 
loops and lead resistance 
drops Since the regulator 
has 


no eKternal 
sense 
lead 
• 


VO. 
8.0 
V to 20 
V 


Vln - Vo 
~ 
2.5 
V 


The 
addition 
of an 
operational 
amplifier 
allows 
adjustment 
to 
higher 


or 
intermediate 
values 
while 
retaining 
regulation 
characteristics. 
The 


minimum 
voltage 
obtainable 
with 
this 
arrangement 
is 3.0 volts 
greater 


than 
the 
regulator 
voltage. 


The 
circuit 
of Figure 
17 can 
be modified 
to provide 
supply 
protection 


against 
short 
circuits 
by adding 
a short-circuit 
sense 
resistor, 
RSC, and 


an additional 
PNP transistor. 
The 
current 
sensing 
PNP must 
be able to 


handle 
the 
short-circuit 
current 
of the 
three-terminal 
regulator. 
There- 


fore, 
an eight-ampere 
power 
transistor 
is specified. 


II 


® MOTOROLA 


Specifications 
and Applications 
Information 


THREE-TERMINAL 
ADJUSTABLE 
OUTPUT NEGATIVE VOLTAGE REGULATORS 


The LM137/237/337 are adjustable 
3-terminal 
negative voltage 
regulators 
capable of supplying 
in excess of 1.5 A over an output 
voltage 
range of - 1.2 V to - 37 V. These voltage 
regulators 
are 
exceptionally 
easy to use and require only two external resistors 
to set the output 
voltage. 
Further, they employ 
internal 
current 
limiting, 
thermal 
shutdown 
and safe area compensation, 
making 
them essentially 
blow-out 
proof. 
The LM137 series serve a wide variety of applications 
including 
local, on-card 
regulation. 
This device can also be used to make 
a programmable 
output 
regulator; 
or, by connecting 
a fixed 
re- 
sistor between the adjustment 
and output, the LM 137 series can 
be used as a precision 
current 
regulator. 


• Output Current in Excess of 1.5 Ampere in K and T Suffix 
Packages 
• Output Current in Excess of 0.5 Ampere in H Suffix Package 
• Output Adjustable 
Between 
-1.2 
V and - 37 V 
• Internal Thermal 
Overload Protection 
• Internal Short-Circuit-Current 
Limiting, 
Constant with 
Temperature 
• Output Transistor 
Safe-Area Compensation 
• Floating Operation for High Voltage Applications 
• Standard 3-Lead Transistor 
Packages 
• Eliminates 
Stocking Many Fixed Voltages 


·Cin IS required 
If regulator is located more than 4 Inches from power supply 


filter, A 1 J,lF solid tantalum 
or 10,uF aluminum 
electrolytic 
is recommended. 


··Co IS necessary for stability. A 1 IlF solid tantalum or 10,uF aluminum 
electro- 


lytic is recommended. 


LM137 
LM237 
LM337 


THREE-TERMINAL 
ADJUSTABLE 
NEGATIVE 
VOLTAGE 
REGULATORS 


K SUFFIX 
METAL 
PACKAGE 
CASE 
1-03 


T SUFFIX 
PLASTIC 
PACKAGE 
CASE 
221A-04 


PIN 1. AOJUST 
2. Vin 
3. Vout 


H SUFFIX 
METAL 
PACKAGE 
CASE 
79-05 


PIN 1. ADJUST 
2. OUTPUT 
3. INPUT 


Tested 
Operating 


Device 
Temperature 
Range 
Package 


LM137H 
TJ = -55'C 
to +16O'C 
Metal Can 
LM137K 
TJ:: 
-55°C to + 150°C 
Metal Power 


LM237H 
TJ = -25'Cto 
+ 150'C 
Metal Can 
LM237K 
TJ = -25'Cto 
+ 150'C 
Metal Power 


LM337H 
TJ = O'C to + 125'C 
Metal Can 
LM337K 
TJ = O'C to + 125'C 
Metal Power 


LM337T 
TJ = O'Cto 
+125'C 
Plastic 
Power 


LM337STl!' 
TJ = -40'Cto 
+ 125'C 
Plastic 
Power 


Rating 
Symbol 
Value 
Unit 


Input40utput 
Voltage 
Differential 
VI-Va 
40 
Vdc 


Power 
Dissipation 
Po 
Internally 
Limited 


Operating 
Junction 
Temperature 
Range 
LM137 
TJ 
55 to 
+150 
°C 


LM237 
-25 
to 
+ 150 
LM337 
o to 
+ 125 


Storage Temperature 
Range 
Tsta 
-65 
ta +' 50 
°C 


ELECTRICAL CHARACTERISTICS 
!IVI- 
Vol 
= 5.0 V, 10 = 0.5 A for 
K and T packages; 
10 = 0.1 A for 
H package; 


T 
T 
t 
T 
[ 
N t 
1] 
I 
a d P 
e 
Note 
2 unless 
otherwise 
specified 
I 
J = 
low 
0 
hiah 
see 
oe 
max 
n 
max 
p r 


LM137/237 
LM337 


Characteristic 
Figure 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Line Regulation 
(Note 
3) 
1 
Regline 
- 
0.01 
0.02 
- 
0_01 
0.04 
%N 


TA = 25"C, 3.0 V '" lVI-Vol'" 
40 V 


Load Regulation 
(Note 
3) 
2 
Regload 


TA = 25"C, 10 mA '" 10 '" Imax 


IVai'" 
5.0 V 
- 
15 
25 
- 
15 
50 
mV 


IVai'" 
5.0 V 
- 
0.3 
0.5 
- 
0.3 
1.0 
%VO 


Thermal 
Regulation 
- 
Regtherm 
- 
0.002 
0.02 
- 
0.003 
0.04 
%VcfW 
10 ms Pulse, TA 
= 25"C 


Adjustment 
Pin Current 
3 
IAdi 
- 
65 
100 
- 
65 
100 
I"A 


Adjustment 
Pin Current 
Change 
1,2 
t.IAdj 
- 
2.0 
5.0 
- 
2.0 
5.0 
IJ-A 


2.5 V '" lVI-Vol'" 
40 V 
10 mA 
:=;;; IL ~ Imax. 


PO'" 
Pmax, 
TA 
= 25"C 


Reference 
Voltage 
(Note 
4) TA 
= 
+ 25"C 
3 
Vref 
-1.225 
-1.250 
-1.275 
-1.213 
-1.250 
-1.287 
V 
3.0 V", 
lVI-Vol'" 
40 V, 10 mA '" 10 '" 
-1.20 
-1.25 
-1.30 
-1.20 
-1.25 
-1.30 


Imax, 
Po '" Pmax, 
TJ = Tlow 
to Thiah 


Line Regulation 
(Note 
3) 
1 
Regline 
- 
0.02 
0.05 
- 
0.02 
0.07 
%N 


3.0 V '" lVI-Vol'" 
40 V 


Load Regulation 
(Note 
3) 
2 
Regload 
10 mA '" 10 '" Imax IVai'" 
5.0 V 
- 
20 
50 
- 
20 
70 
mV 


IVai'" 
5.0 V 
- 
0.3 
1.0 
- 
0.3 
1.5 
%Vo 


Temperature 
Stability 
(Tlow 
'" TJ '" Thiah) 
3 
TS 
- 
0.6 
- 
- 
0.6 
- 
%Vo 


Minimum 
Load Current 
to 
3 
ILmin 
mA 
Maintain 
Regulation 
(lVI-Vol'" 
10 VI 
- 
1.2 
3.0 
- 
1.5 
6.0 
!lVI-Vol'" 
40 VI 
- 
2.5 
5.0 
- 
2.5 
10 


Maximum 
Output 
Current 
3 
Imax 
A 


lVI-Vol'" 
15 V, Po '" Pm ax 
K and T Packages 
1.5 
2.2 
- 
1.5 
2.2 
- 
H Package 
0.5 
0.8 
- 
0.5 
0.8 
- 


lVI-Vol 
= 40 V, Po '" Pmax, TJ = 25"C 


K and T Packages 
0.24 
0.4 
- 
0.15 
0.4 
- 
H Package 
0.15 
0.2 
- 
0.1 
0.2 
- 


RMS Noise, 
% of Va 
- 
N 
- 
0.003 
- 
- 
0.003 
- 
%Vo 
TA = 25"C, 10Hz'" 
f '" 10 kHz 


Ripple 
Rejection, 
Va 
= 
-10 
V, f = 
120 Hz (Note 
5) 
4 
RR 
dB 
Without 
CAd~ 
- 
60 
- 
- 
60 
- 
CAd'=101J- 
66 
77 
- 
66 
77 
- 


Long-Term 
Stability, 
TJ = Thigh 
(Note 
6) 
3 
S 
- 
0.3 
1.0 
- 
0.3 
1.0 
%11.0 k 
TA = 25"C for Endpoint 
Measurements 
Hrs. 


Thermal 
Resistance 
Junction 
to Case 
- 
ROJC 
"elW 
H Package 
- 
12 
15 
- 
12 
15 
K Package 
- 
2.3 
3.0 
- 
2.3 
3.0 
T Package 
- 
- 
- 
- 
4.0 
- 


NOTES 


(1) 
Tlow 
= -55°C 
for LM137 


= -25°C 
for LM237 


OOC for LM337 


(21lmax 
= 1.5 A for 
K and 
T Packages 
= 0.5 A for 
H Package 
Pmax 
= 20 W for 
K and 
T Packages 
"" 2 W for 
H Package 


(3) 
Load and 
hne regulation 
are specified 
at a constant 
,unction 
tempera- 


ture. 
Pulse 
testing 
wIth 
a low duty cycle 
IS used. 
Change 
in Vo because 


of heating 
effects 
IS covered 
under 
the 
Thermal 
Regulatron 
specifi- 


cation 


(4) 
Selected 
deVices 
with 
tIghtened 
tolerance 
reference 
voltage 
avatlable, 


(5) 
CadJ' 
when 
used. 
1$ 
connected 
between 
the 
adjustment 
pin 
and 
ground 


(6) 
Since 
Long Term 
Stability 
cannot 
be measured 
on each 
deVice 
before 


shipment. 
thiS 
specification 
IS an 
engmeerlng 
estimate 
of average 


stability 
from 
lot to lot. 


(7) 
Power 
dissipation 
within 
an I.C. voltage 
regulator 
produces 
a tempera- 


ture gradient 
on the die. aHectlng 
Indlviduall.C. 
components 
on the die 


These 
effects 
can be minimized 
by proper 
Integrated 
circuit 
deSign 
and 


layout 
techniques. 
Thermal 
Regulation 
IS the effect 
of these 
tempera- 


ture 
gradients 
on the output 
voltage 
and 
IS expressed 
in percentage 
of 


output 
change 
per watt 
of power 
change 
10 a specitied 
time. 


Thigh 
= +150oC 
for LM137 
= +150°C 
for LM237 


= +125°C 
for LM337 


• 


-, r- VOH 
LJ 
. VOL 


Co 


Rl 
120 
1% 
'Pulse Testing Required: 


1% Duly Cycle 
is suggested. 


l..r 
U 


VIH 


VIL 


Line Regulation (% VOl = IV~;~VH?HIx 100 


l..r 


RL 
(max. 
Loadl 


'Pulse Testing required: 


1% Duty Cycle is suggested . 


..IL -Va 
(min. Load) 


Va (max. Load) 


Load Regulation (% VOl = Va (min. ~Oad) - VO(max. Load) x 100 
a (min. Load) 


To Calculate R2: 


R2 = (~- 
')Rl 
VRef 


This assumes ladj 
is negligible. 


I + 


Cadj ;:l:;; 10 ILF 
I 
I 


1.0 
ILF 


Adjust 
Rl 
120 


Vout 


14.3V----~ 


4.3 V ----.---~ 


f = 120 Hz 


•• 


0.2 


~ 
II 


w 
'" -0.2 
z 
~ -0.4 
w 
'"< 
-0.6 
~ 
> 
-0.8 
.... 


~ -1.0 
6 
> 
-1.2 
<l 


-1.4 


'L ~ 0.5 A 
--- 
.........• 


r--..\ 


V, ~ -15 V 


IL'" 1.5 A 


VO~I-l0V 


80 
" 


75 
.3 
....z 
70 
~~ 
G 
65 
za: 
60 
....zw 
::0 
55 
~ 
0 
50 
< 
<; 
.:" 
45 


40 


- 


....•........ 
--...- 
...... 
- 


--- 
_I 
TJ ~ -55°C 
- 
TJ 
'" 25°C 
- 
TJ ~ 150°C 


T- and K- Packaged Devices 
r:al.. 
- 
I 
I 
'\.. 


- 
H- 
Packaged 
Devices 
'" 
- --- 
'::" 
"' 


~ 
--- --- 
. 
I 
--- -- --- 


r-- 


~1.260 
w 
'"~ 
'"~ 1.250 


~ 
~ 
1.240 


-50 
-25 
0 
25 
50 
75 
100 
'25 
150 


TJ.JUNCTION 
TEMPERATURE 
lOCI 


~ 3.0 
< 
§~ 
w 
2.5 


c; 


"' 
~ 2.0 
> 


~ 1.5 
, 
.... 


=>~ 
z 


~ 
~ 
0 
~ 
m 
n 
1~ 
,~ 
1m 


TJ.JUNCTION 
TEMPERATURE 
lOCI 


1.8 
" 


16 
.5 
.... I' 
z~ 12 
~ 
=> 
u 
10 
....z 
u 
0.8 
~ 
3 
0.6 
'"-"' 0.' 


0.2 


- 
TJ ~ -55°C 


TJ = 2SoC 
,...- f- TJ ~ '50°C 
~ 


oJ /' 


.J. :/' 
".. 
",. 


- 
_J'T 
F- -- 
, 


10 
20 
30 
'0 


VI ~ Va,lNPUT 
- 
OUTPUT 
VOLTAGE 
DIFFERENTIAL 
(Vdcl 


100 


~ 
80 


z 
0 
~ 


60 


= 
~ 
40 


ir 
:i- 
20 


Cadi'" 
10,uF 


r--- 
I 
-- 


Wlthoul 
Cadi 


- 
V'-VfIV 
Il z 50 
mA 
- 
f:: 120 
HI 
TJ" 
25°C 


-10 
-11 
-20 
-21 
-30 


VA. OUTPUf VOLTAGE IVI 


100 


~ 


80 


z 
0 


~ 


60 


~ 


40 
=='= 
20 


/' 
.........•. 
.L.- 
C3di = 10,uF 


"'" 


"- 
Without Cadi "" 
"- 
'\ 
'\. 


v, '"-lSV 


"- 
"- 


-va' 
-lOV 
....... -- 
.......... 


_IL"500mA 


TJ 
= 2SoC 


.8 


.6 
j 


.4 


.2 
.1\ 
WithoutCadj 
1! 


In 
I \ 
0 


'\ 
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2 


.4 
I 


Vo" 
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0 
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SOmA 


.1 
TJ = 25°C 
Cl:: 1 J1.F 


'" 
-0 
'"~~ 
-0 
>~ 
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~~ 
-0 


~- 
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BASIC CIRCUIT OPERATION 


The LM137 is a 3-terminal 
floating 
regulator. 
In op- 
eration, the LM137 develops 
and maintains 
a nominal 
-1.25 
volt reference IVref} between its output and ad- 
justment 
terminals. 
This reference voltage is converted 
to a programming 
current 
(IPROG) by R1 (see Figure 
17), and this constant 
current flows 
through 
R2 from 
ground. The regulated output voltage is given by: 


R2 
Vout = Vref 11 + Rl) + ladj R2 


Since the current 
into the adjustment 
terminal 
(Iadj) 
represents an error term in the equation, the LM137 was 
designed to control 
ladj to less than 100 pA and keep 
it constant. To do this, all quiescent operating 
current 
is returned 
to the output 
terminal. 
This imposes the 
requirement 
for a minimum 
load current. 
If the load 
current 
is less than this minimum, 
the output voltage 
will increase. 


Since the LM137 is a floating 
regulator, 
it is only the 
voltage 
differential 
across the circuit that is important 
to performance, 
and operation 
at high voltages 
with 
respect to ground 
is possible. 


FIGURE 
17 - 
BASIC 
CIRCUIT 
CONFIGURATION 


+ 


~ R2 
\ 
IpROG 


+ 


CoI 


vout 
I' 
vref 
Rl 
\. 


Vout 


LOAD REGULATION 


The lM137 
is capable of providing 
extremely 
good 
load regulation. 
but a few precautions 
are needed to 
obtain maximum performance. For best performance. the 
programming 
resistor (Rl) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively 
appear in series with the reference. thereby 
degrading 
regulation. 
The ground 
end of R2 can be 


returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 


Al 
JolFtantalum 
input bypass capacitor (Cin) is recom- 
mended to reduce the sensitivity to input line impedance. 


The adjustment terminal may be bypassed to ground to 
improve ripple rejection. 
This capacitor (Cadj) prevents 
ripple 
from being amplified 
as the output 
voltage 
is 
increased. 
A 10 JolFcapacitor 
should 
improve 
ripple 
rejection about 15 dB at 120 Hz in a 10 volt application. 


An output capacitor (Co) in the form of a 1 JolFtantalum 
or 10 JolFaluminum 
electrolytic 
capacitor 
is required 
for stability. 


PROTECTION 
DIODES 
When external capacitors are used with any I.C. regu- 


lator it is sometimes necessary to add protection diodes to 
prevent 
the capacitors 
from discharging 
through 
low 
current points into the regulator. 


Figure 18 shows the lM 137 with the recommended 
protection diodes for output voltages in excess of -25 Vor 
high capacitance 
values (Co> 
25 JolF.Cadj > 
10 JolF). 


Oiode 01 prevents 
Co from 
discharging 
thru 
the I.C. 


during an input short circuit. 
Oiode 02 protects against 
capacitor 
Cadj discharging 
through 
the I.C. during an 
output short circuit. 
The combination 
of diodes 01 and 
02 prevents Cadj from discharging through the I.C.during 
an input short circuit. 


® MOTOROLA 


Specifications 
and Applications 
Information 


THREE-TERMINAL 
POSITIVE 
VOLTAGE 
REGULATORS 


This family of fixed voltage regulators are monolithic 
integrated 
circuits capable of driving 
loads in excess of 1.0 ampere. These 
three-terminal 
regulators 
employ 
internal 
current 
limiting, 
ther- 
mal shutdown, 
and safe-area compensation. 
Devices are available 
with improved 
specifications, 
including 
a 2% output voltage tol- 
erance, on A-suffix 
5.0, 12 and. 15 volt device types. 


Although 
designed primarily 
as a fixed voltage regulator, these 
devices can be used with external components 
to obtain adjust- 
able voltages 
and currents. 
This series of devices can be used 
with a series-pass transistor 
to boost output current capability 
at 
the nominal 
output voltage. 
• 
Output Current in Excess of 1.0 Ampere 
• 
No External Components 
Required 
• 
Output Voltage Offered in 2% and 4% Tolerance' 
• 
Internal Thermal 
Overload 
Protection 
• 
Internal Short-Circuit 
Current Limiting 
• 
Output Transistor 
Safe-Area Compensation 


Output Volteg. 
Tested 
Operating 
Devic:. 
end Toler.nee 
Junction 
Temp. 
Range 
Peck.g. 


LM140K·S.0 
5.0 V ~ 4% 
.. SS'C to + 1S0'C 
Metal Power 


LM140AK·S.0 
5.0 v 
+ 2% 
.. SS'C to + 1S0'C 
Metal Power 


LM140K-8.0 
8.0 V ~ 4% 
.. SS'C to + 1S0'C 
Metal Power 


LM140K-12 
12 V::!: 4% 
.. SS'C to 
+ 1S0'C 
Metal Power 


LM140AK-12 
12 V::!: 2% 
.. SS'C to 
+ 1S0'C 
Metal Power 


LM140K-1S 
15 V + 4% 
-SS'C 
to 
+ 1S0'C 
Metal Power 


LM140AK-1S 
15 V ~ 2% 
.. SS'C to 
+ 1S0'C 
Metal Power 


LM340K-S.O 
5.0 V ~ 4% 
O'C to +' 2S'C 
Metal Power 


LM340AK-S.O 
5.0 V ~ 2% 
O'C to + 12S'C 


LM340T·S.O 
5.0 V + 4% 
O'C to + 12S'C 
Plastic Power 


LM340AT-S.O 
5.0 V ~ 2% 
O'C to + 12S'C 


LM340T-6.0 
6.0 V ~ 4% 
O'C to + 12S'C 
Plastic Power 


LM340K-8.0 
8.0 V" 
4% 
O'C to + 12S'C 
Metal Power 


LM340T-8.0 
8.0 V + 4% 
O'C to +' 2S'C 
Plastic Power 


LM340K-12 
12 V::!: 4% 
O'C to + 12S'C 
Metal Power 


LM340AK-12 
12 V :t 2% 
O'C to 
+ 12S'C 


LM340T-12 
12 V ~ 4% 
O'C to + 12S'C 
Plastic Power 


LM340AT-12 
12 V + 2% 
O'C to + 12S'C 


LM340K-1S 
15V::!: 4% 
O'C to + 12S'C 
Metal Power 


LM340AK-1S 
15 V ~ 2% 
O'C to + 12S'C 


LM340T-1S 
15 V • 
4% 
O'C to + 12S'C 
Plastic Power 


LM340AT-1S 
1S V + 2% 
O'C to + 12S'C 


LM340T-18 
18 V .• 4% 
O'C to + 12S'C 
Plastic Power 


LM340T-24 
24 V ~ 4% 
O'C to + 12S'C 
Plastic Power 


LMl40,A 
Series 
LM340,A Series 


THREE- TERMINAL 
POSITIVE FIXED 
VOLTAGE 
REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL 
PACKAGE 
CASE 
1-03 


~ 
PIN 1. INPUT 
2. OUTPUT 
CASE GROUND 
(Bottom 
View) 


PIN 1. INPUT 
2. GROUND 
3. OUTPUT 


T SUFFIX 
PLASTIC 
PACKAGE 
CASE 
221A-04 


(Heatsink 
surface 
connected 
to 
Pin 2) 


,'•..-r1 'M'~"f-o-r- 0.,,", 
;.i~; 
"F +__~·~~~1-~~~~-..J_- 
(CO" 


A common 
ground 
is required 
between 
the 
input 
and the output 
voltages. 
The input 
volt- 
age 
must 
remain 
typically 
1.7 V above 
the 
output 
voltage 
even during 
the low point on 
the 
input 
ripple 
voltage. 


XX 
~ these 
two 
digits 
of the 
type 
number 
indicate 
voltage. 


* 
= Cin is required 
if regulator 
is located 
an appreciable 
distance 
from 
power 
supply 
filter. 


~ Co 
is 
not 
needed 
for 
stability; 
how- 
ever, 
it does 
improve 
transient 
reo 
sponse. 
If needed. 
use a 0.' 
/-LFce- 
ramic 
disc. 


II 


Retlnll 
Symbol 
Velue 
Unit 


Input Voltage (5.0 V - 
18 V) 
Vin 
35 
Vdc 
(24 VI 
40 


Power Dissipation and Thermal Characteristics 
Plastic Package 
TA = +25·C 
Po 
Internally Limited 
Watts 
Derate above TA = + 25·C 
1/8JA 
15.4 
mWrC 
Thermal Resistance. Junction to Air 
8JA 
65 
·CIW 


TC = +25·C 
Po 
Internally Limited 
Watts 
Derate above TC = + 75·C (See Figure tl 
1I8JC 
200 
mWrC 
Thermal 
Resistance. 
Junction 
to Case 
8JC 
5.0 
.C/W 


Metal Package 
TC = +25·C 
Po 
Internally Limited 
Watts 
Derate above TA = + 25·C 
1I8JA 
22.5 
mWrC 
Thermal 
Resistance, 
Junction 
to Air 
8JA 
45 
·CIW 


TC = +25·C 
Po 
Internally Limited 
Watts 
Derate above TC = +65·~ (See Figure 21 
1/8JC 
182 
mWrC 
Thermal 
Resistance, 
Junction 
to Case 
8JC 
5.5 
·CIW 


Storage Junction Temperature Range 
Tsta 
-65to 
+150 
·C 


Operating Junction Temperature Range 
TJ 
·C 
LM140,A 
-55 to + 150 
LM340,A 
o to +150 


DEFINmONS 
line Regulation - 
Thechange in output voltage for a change 
dissipation 
for which the regulator 
will 
operate within 
in the input voltage. The measurement is made under condi- 
specifications. 


tions of low dissipation or by using pulse techniques such that 
Quiescent Current - 
That part of the input current that is 
the average chip temperature is not significantly affected. 
not delivered to the load. 
load 
Regulation - 
The change in output voltage for a 
Output Noise Voltage - 
The rms ac voltage at the output, 


change in load current at constant chip temperature. 
with constant load and no input ripple, measured over a spec- 


Maximum 
Power 
Dissipation 
- 
The 
maximum 
total 
device 
ified frequency 
range. 


LM1401340 
- 
5,0 
ELECTRICAL 
CHARACTERISTICS 
(Vin = 
,0= 
m 
J ~ 
low 
0 
hinh 
oe 
, un ass 0 
erwlse 
no e 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage ITJ = + 2S"C) 
Vo 
4.8 
5.0 
5.2 
Vdc 
10 = 5.0 mA to 1.0A 


line Regulation (Note 2) 
Regline 
mV 
8.0 to 20 Vdc 
- 
- 
50 
7.0 to 25 Vdc ITJ = + 2S"C) 
- 
- 
50 
8.0 to 12 Vdc, 10 ~ 1.0A 
- 
- 
25 
7.3 to 20 Vdc, 10 = 1.0A ITJ = +2S"C) 
- 
- 
50 


load Regulation (Note 2) 
Re910ad 
mV 
5.0 mA '" 10 '" 1.0A 
- 
- 
50 
5.0 mA '" 10 '" 1.5A ITJ = +2S"CI 
- 
- 
50 
250 mA '" 10 '" 750 mA ITJ = +2S"CI 
- 
- 
25 


Output Voltage 
Vo 
Vdc 
lMI40 
8.0'" 
Vin '" 20 Vdc, 5.0 mA '" 10 '" 1.0A, Po '" 15W 
4.75 
- 
5.25 
lM340 
7.0'" 
Vin '" 20 Vdc, 5.0 mA '" 10 '" 1.0A. Po '" 15W 
4.75 
- 
5.25 


Quiescent 
Current 
IB 
mA 
10 = 1.0A 
lM140 
- 
- 
7.0 
lM340 
- 
- 
B.S 
lM140 (TJ = + 2S"CI 
- 
4.0 
6.0 
lM340 ITJ = + 2S"C) 
- 
4.0 
B.O 


Quiescent Current Change 
~IB 
mA 
B.O'" Vin '" 25 Vdc, 10 = 500 mA 
lM140 
- 
- 
O.B 
7.0 '" Vin '" 25 Vdc, 10 = 500 mA 
lM340 
- 
- 
1.0 
5.0 mA '" 10 '" 1.0 A, Vin = 10V 
lM140, lM340 
- 
- 
0.5 
B.O'" Vin '" 20 Vdc, 10 = 1.0A 
lM140 
- 
- 
0.8 
7.5'" Vin '" 20 Vdc, 10 = 1.0A 
lM340 
- 
- 
1.0 


Ripple Rejection 
RR 
dB 
lM140 
6B 
- 
- 
lM340 
62 
- 
- 
10=1.0A(TJ 
~ +2S"CI 
lMI40 
68 
80 
- 
lM340 
62 
BO 
- 


Dropout Voltage 
Vin -VO 
- 
1.7 
- 
Vdc 


Output Resistance(f = 1.0 kHz) 
ro 
- 
2.0 
- 
mil 


Short Circuit Current limit (TJ ~ +2S"C) 
Isc 
- 
2.0 
- 
mA 


Output Noise Voltage (TA = + 2S"CI 
Vn 
- 
40 
- 
p.V 
10 Hz '" f '" 100kHz 
Average Temperature Coefficient of Output Voltage 
TCVO 
- 
±0.6 
- 
mvrc 
10 = 5.0 mA 


PeakOutput Current ITJ ~ + 2S"C) 
10 
- 
2.4 
- 
A 


Input Voltage to Maintain line Regulation ITJ ~ +2S"C) 
7.3 
- 
- 
Vdc 
10 ~ LOA 


NOTES: 
,. Tlow 
= 
-5SoC 
lor 
LM140 
Thigh 
= 
+ 15O"C lor 
LM140 


O"C lor 
LM340 
= 
+ 125°C for LM340 
2. 
load 
and 
line 
regulation 
are 
specified 
at constant 
junction 
temperature. 
Changes 
in Va due 
to heating 
effects 
must 
be taken 
into 
account 


separately. 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


II 


II 


LM140Al340A 
- 
5.0 
ELECTRICAL CHARACTERISTICS 
IVin = 
= 
J = 
low 
hioh 


Charactarlstic 
Symbol 
Mln 
Typ 
Max 
Unit 


Output 
Voltage 
IT J = 
+ 25°CI 
Vo 
4.9 
5.0 
5.1 
Vdc 


10 = 5.0 mA 
to 1.0 A 


Line 
Regulation 
(Note 
21 
Regline 
mV 


7.5 to 20 Vdc. 
10 = 500 mA 
- 
- 
10 


7.3 to 20 Vdc 
ITJ = 
+ 25°C) 
- 
3.0 
10 
8.0 to 12 Vdc 
- 
- 
12 


8.0 to 12 Vdc 
ITJ = 
+ 25°C) 
- 
- 
4.0 


Load 
Regulation 
INote 
2) 
Regload 
mV 


5.0 mA 
'" 
10 '" 
1.0 A 
- 
- 
25 


5.0 mA 
'" 10 '" 
1.5 A ITJ = 
+ 25°CI 
- 
- 
25 


250 mA 
'" 
10 '" 750 mA 
(TJ = 
+ 25°CI 
- 
- 
15 


Output 
Voltage 
Vo 
4.8 
- 
5.2 
Vdc 


7.5'" 
Vin 
'" 
20 Vdc. 
5.0 mA.'" 
10'" 
1.0 A. PD '" 
15 W 


Quiescent 
Current 
IB 
- 
- 
6.5 
mA 
(TJ 
= 
+ 25°CI 
- 
3.5 
6.0 


Quiescent 
Current 
Change 
~IB 
mA 


5.0 mA 
'" 
10 '" 
1.0 A. Vin 
= 10 V 
- 
- 
0.5 


8.0 '" Vin 
'" 
25 Vdc, 
10 = 500 mA 
- 
- 
0.8 


7.5'" 
Vin 
'" 20 Vdc. 
10 = 1.0 A ITJ 
= 
+ 25°C) 
- 
- 
O.B 


Ripple 
Rejection 
RR 
dB 


8.0 '" Vin 
'" 
1B Vdc, 
I = 120 Hz 
10 = 500 mA 
68 
- 
- 
10 = 1.0 A (TJ 
= 
+ 25°CI 
6B 
80 
- 


Dropout 
Voltage 
Vin - Vo 
- 
1.7 
- 
Vdc 


Output 
Resistance 
(I = 1.0 kHz) 
ro 
- 
2.0 
- 
mfi 


Short 
Circuit 
Current 
Limit 
(T J = 
+ 25°CI 
Isc 
- 
2.0 
- 
mA 


Output 
Noise 
Volt~ge 
(T A 
= 
+ 25°CI 
Vn 
- 
40 
- 
iJ-V 


10 Hz '" I '" 
100 kHz 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
0:0.6 
- 
mvrc 
10 = 5.0 mA 


Peak Output 
Current 
(TJ 
= 
+ 25"C) 
10 
- 
2.4 
- 
A 


Input 
Voltage 
to Maintain 
Line 
Regulation 
(TJ = 
+25°CI 
7.3 
- 
- 
Vdc 


NOTES: 
1. Tlow = - 55°Cfor LMl40A 
Thigh = 
+ 150°Cfor LM140A 


DOC for 
lM340A 
= + 125°C 
for 
LM340A 


2. 
Load 
and 
line 
regulation 
are 
specified 
at constant 
junction 
temperature. 
Changes 
in Va due 
to heating 
effects 
must 
be taken 
into 
account 


separately_ 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


LM1401340 
- 
6.0 
ELECTRICAL 
CHARACTERISTICS 
(Vin = 
·0= 
J ~ 
low 
hioh 


Characteristic 
Symbol 
Mln 
Typ 
M •• 
Unh 


Output 
Voltage 
(T J = 
+ 25°CI 
Vo 
5.75 
6.0 
6.25 
Vdc 


10 = 
5.0 mA 
to 
1.0 A 


Line 
Regulation 
(Note 
2) 
Regline 
mV 


9.0 to 21 Vdc 
- 
- 
60 
8.0 to 25 Vdc 
(TJ 
~ 
+ 25°C) 
- 
- 
60 


9.0 to 
13 Vdc. 
10 = 
1.0 A 
- 
- 
30 


8.3 to 21 Vdc. 
10 = 
1.0 A (TJ 
= 
+ 25°CI 
- 
- 
60 


Load 
Regulation 
(Note 
2) 
Regload 
mV 


5.0 mA 
'" 
10 '" 
1.0 A 
- 
- 
60 


5.0 mA 
'" 
10 '" 
1.5 A (TJ 
= 
+ 25°CI 
- 
- 
60 


250 mA 
'" 
10 '" 750 mA 
(TJ 
= 
+ 25°C) 
- 
- 
30 


Output 
Voltage 
Vo 
Vdc 


LM140 


9.0'" 
Vin 
'" 21 Vdc. 
5.0 mA 
'" 10 '" 
1.0 A. PD '" 
15 W 
5.7 
- 
6.3 


LM340 


8.0'" 
Vin 
'" 21 Vdc. 
6.0 mA 
'" 10 '" 
1.0 A. PD '" 
15 W 
5.7 
- 
6.3 


Quiescent 
Current 
IB 
mA 


10 = 
1.0 A 
LM140 
- 
- 
7.0 
LM340 
- 
- 
8.5 
LM140 
(TJ 
= 
+ 25°C) 
- 
4.0 
6.0 
LM340 
(TJ ~ 
+ 25°C) 
- 
4.0 
8.0 


Quiescent 
Current 
Change 
~IB 
mA 


9.0 '" Vin 
'" 25 Vdc. 
10 = 
500 mA 
LM140 
- 
- 
0.8 


8.0 '" Vin 
'" 25 Vdc. 
10 ~ 
500 mA 
LM340 
- 
- 
1.0 


5.0 mA 
'" 10 '" 
1.0 A. Vin 
= 
11 V 
LM 140, LM340 
- 
- 
0.5 


9.0'" 
Vin 
'" 21 Vdc, 
10 = 
1.0 A 
LM140 
- 
- 
0.8 


8.6'" 
Vin 
'" 21 Vdc, 
10 = 
1.0 A 
LM340 
- 
- 
1.0 


Ripple 
Rejection 
RR 
dB 
LM140 
65 
- 
- 
LM340 
59 
- 
- 
10 ~ 
1.0A 
(TJ ~ + 25°C) 
LM140 
65 
78 
- 
LM340 
59 
78 
- 


Dropout 
Voltage 
Vin - Vo 
- 
1.7 
- 
Vdc 


Output 
Resistance 
(I = 
1.0 kHz) 
ro 
- 
2.0 
- 
mfl 


Short 
Circuit 
Current 
Limit 
(TJ 
= 
+ 25°C) 
Isc 
- 
1.9 
- 
mA 


Output 
Noise 
Voltage 
(TA 
= 
+ 25°CI 
Vn 
- 
45 
- 
IJoV 


10 Hz '" I '" 100 kHz 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
c!c0.7 
- 
mvrc 


10 ~ 
5.0 mA 


Peak Output 
Current 
(TJ = 
+ 25°C) 
10 
- 
2.4 
- 
A 


Input 
Voltage 
to Maintain 
Line 
Regulation 
(TJ 
= 
+ 25°C) 
8.3 
- 
- 
Vdc 


10 ~ 
LOA 


NOTES: 
1. Tlow::c -55°C for LMl40 
Thigh"" 
+ 150°Cfor lM140 
O°C for lM340 
= +' 2S"C for lM340 
2. load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 


II 


LM140/340 
- 
8.0 
ELECTRICAL CHARACTERISTICS 
IVin = 
= 
J ~ 
ow 
lIal 


Characteristic 
Symbol 
Min 
Typ 
M•• 
Unit 


Output 
Voltage 
IT J = 
+ 25'C) 
Vo 
7.7 
8.0 
8.3 
Vdc 
'0 = 5.0 mA 
to 1.0 A 


Line 
Regulation 
(Note 
21 
Regline 
mV 


l1to 
23 Vdc 
- 
- 
80 


10.5 to 25 Vdc 
ITJ = + 25'CI 
- 
- 
80 
11 to 17 Vdc, 10 ~ 1.0 A 
- 
- 
40 


10.5 to 23 Vdc, 10 = 
1.0 A (TJ = + 25'CI 
- 
- 
80 


Load 
Regulation 
(Note 
2) 
Regload 
mV 
5.0 mA 
•• 10 •• 1.0 A 
- 
- 
80 


5.0 mA 
•• 10 •• 1.5 A (T J = + 25'CI 
- 
- 
80 


250 mA 
•• 10 •• 750 mA 
ITJ = + 25'CI 
- 
- 
40 


Output 
Voltage 
Vo 
Vdc 
LM140 
11.5 •• Vin" 
23 Vdc, 
5.0 mA 
•• 10" 
1.0 A, PO" 
15 W 
7.6 
- 
8.4 
LM340 
10.5 •• Vin 
•• 23 Vdc, 
5.0 mA 
•• 10 •• 1.0 A, Po •• 15 W 
7.6 
- 
8.4 


Quiescent 
Current 
IB 
mA 
10 ~ 1.0A 
LM140 
- 
- 
7.0 
LM340 
- 
- 
8.5 
LM140 
(TJ = + 25'C) 
- 
4.0 
6.0 
LM340 
(TJ 
~ 
+ 25'C) 
- 
4.0 
8.0 


Quiescent 
Current 
Change 
~IB 
mA 
11.5 •• Vin 
•• 25 Vdc, 10 = 500 mA 
LM140 
- 
- 
0.8 
10.5 •• Vin 
•• 25 Vdc. 10 ~ 500 mA 
LM340 
- 
- 
1.0 
5.0 mA 
•• 10" 
1.0 A, Vin = 
14 V 
LM140, 
LM340 
- 
- 
0.5 
11.5 •• Vin 
•• 23 Vdc, 10 = 
1.0 A 
LM140 
- 
- 
0.8 
10.6 •• Vin 
•• 23 Vdc, 10 ~ 
1.0 A 
LM340 
- 
- 
1.0 


Ripple 
Rejection 
RR 
dB 
LM140 
62 
- 
- 
LM340 
56 
- 
- 


10 ~ 
1.0 A (TJ ~ + 25'CI 


LM140 
62 
76 
- 
LM340 
56 
76 
- 


Dropout 
Voltage 
Vin -yo 
- 
1.7 
- 
Vdc 


Output 
Resistance 
(I = 1.0 kHz) 
ro 
- 
2.0 
- 
mll 


Short 
Circuit 
Current 
Limit 
(TJ = + 25'CI 
Isc 
- 
1.5 
- 
mA 


Output 
Noise 
Voltage 
(T A = + 25'CI 
Vn 
- 
52 
- 
p.V 
10 Hz •• I •• 100 kHz 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
'" 1.0 
- 
mvrc 
10 ~ 5.0 mA 


Peak Output 
Current 
IT J = + 25'CI 
10 
- 
2.4 
- 
A 


Input 
Voltage 
to Maintain 
Line 
Regulation 
IT J ~ + 25'CI 
10.5 
- 
- 
Vdc 
10 = 1.0A 


NOTES, 
1. Tlow'= 
-55"C for lMl40 
Thigh = 
+ 150"C for lM140 


DOCfor LM340 
"" + 12S"C for LM340 
2. Load and line regulation are specified at ~onstant 
junction temperature. Changes in Vo due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 


LM1401340 
- 
12 
ELECTRICAL 
CHARACTERISTICS 
IVin = 
,0= 
m 
J ~ 
low 
to 
hioh 
ote 
, un ess ot 
erwlse 
no e 


Characteristic 
Symbol 
Min 
Typ 
MIx 
Unit 


Output 
Voltage 
(T J ~ 
+ 25'C) 
Vo 
11.5 
12 
12.5 
Vdc 


10 = 
5.0 mA 
to 
1.0 A 


Line 
Regulation 
(Note 
2) 
Regline 
mV 


15to 
27 Vdc 
- 
- 
120 


14.6 to 30 Vdc 
ITJ 
= 
+ 25'C) 
- 
- 
120 


16 to 22 Vdc, 
10 = 
1.0 A 
- 
- 
60 


14.6 to 27 Vdc, 
10 ~ 
1.0 A ITJ 
= 
+ 25'CI 
- 
- 
120 


Load 
Regulation 
INote 
2) 
Regload 
mV 


5.0 mA 
" 
10 " 
1.0 A 
- 
- 
120 


5.0 mA" 
10" 
1.5 A ITJ 
~ 
+ 25'C) 
- 
- 
120 


250 mA 
" 
10 " 
750 mA 
IT J ~ 
+ 25'CI 
- 
- 
60 


Output 
Voltage 
Vo 
Vdc 


LM140 


15.5" 
Vin 
" 
27 Vdc, 
5.0 mA" 
10" 
1.0 A, PO" 
15 W 
11.4 
- 
12.6 


LM340 


14.5" 
Vin 
" 
27 Vdc, 
5.0 mA 
" 
10 " 
1.0 A, Po " 
15 W 
11.4 
- 
12.6 


Ouiescent 
Current 
18 
mA 
10 = 
1.0 A 


LM140 
- 
- 
7.0 


LM340 
- 
- 
8.5 


LM140 
(TJ 
~ 
+ 25'CI 
- 
4.0 
60 


LM340lTJ 
= 
+ 25'CI 
- 
4.0 
8.0 


~uiescent 
Current 
Change 
:'18 
mA 


15" 
Vin 
" 
30 Vdc, 
10 = 500 mA 
LM140 
- 
- 
0.8 


14.5 " 
Vin 
" 
30 Vdc, 
10 ~ 
500 mA 
LM340 
- 
- 
1.0 


5.0 mA" 
10 " 
1.0 A, Vin 
~ 
19 V 
LM140, 
LM340 
- 
- 
0.5 


15 " 
Vin 
" 
27 Vdc, 
10 ~ 
1.0 A 
LM140 
- 
- 
0.8 


14.8" 
Vin 
" 
27 Vdc, 
10 ~ 
1.0 A 
LM340 
- 
- 
1.0 


Ripple 
Rejection 
RR 
d8 
LM140 
61 
- 
- 


LM340 
55 
- 
- 
10 = 
1.0 A ITJ 
= 
+ 25'C) 
LM140 
61 
72 
- 
LM340 
55 
72 
- 


Dropout 
Voltage 
Vin -VO 
- 
1.7 
- 
Vdc 


Output 
Resistance 
II ~ 
1.0 kHz) 
ro 
- 
2.0 
- 
mll 


Short 
Circuit 
Current 
Limit 
IT J = 
+ 25'CI 
Isc 
- 
1.1 
- 
mA 


Output 
Noise 
Voltage 
ITA 
~ 
+ 25'C) 
Vn 
- 
75 
- 
!J.V 


10 Hz " 
I " 
100 kHz 


Average 
Temperature 
Coefficient 
01 Output 
Voltage 
TCVO 
- 
=1.5 
- 
mvrc 


10 = 
5.0 mA 


Peak Output 
Current 
IT J ~ 
+ 25'CI 
10 
- 
2.4 
- 
A 


Input 
Voltage 
to Maintain 
Line 
Regulation 
IT J ~ + 25'C) 
14.6 
- 
- 
Vdc 


10 = 
1.0A 


NOTES: 
1. flow 
= -55"C 
for lM140 
Thigh 
= + 150"C for LM140 
= 
+ 125'C lor LM340 
2. Load and line regulation are specified at constant junction temperature. Changes in Va due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 


II 


LM140AJ340A 
- 
12 
ELECTRICAL 
CHARACTERISTICS 
IV in = 
= 
J = 
low 
hi 
h 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Unit 


Output 
Voltage 
IT J = 
+ 25°C) 
Vo 
11.75 
12 
12.25 
Vdc 


10 ~ 
5.0 mA 
to 1.0 A 


Line 
Regulation 
INote 
21 
Regline 
mV 
14.8 to 27 Vdc, 
10 = 500 mA 
- 
- 
18 
14.5 to 27 Vdc 
(T J = 
+ 25°C) 
- 
4.0 
18 
16to 
22 Vdc 
- 
- 
30 


16to 
22 Vdc 
ITJ 
= 
+25°C) 
- 
- 
9.0 


Load 
Regulation 
(Note 
2) 
Regload 
mV 


5.0 mA 
" 
10 " 
1.0 A 
- 
- 
60 


5.0 mA" 
10 " 
1.5 A ITJ 
~ 
+ 25'C) 
- 
- 
32 


250 mA 
" 
10 " 
750 mA 
IT J = 
+ 25°C) 
- 
- 
19 


Output 
Voltage 
Vo 
11.5 
- 
12.5 
Vdc 


14.8" 
Vin 
" 
27 Vdc, 
5.0 mA" 
10 " 
1.0 A, PD " 
15 W 


Quiescent 
Current 
IB 
- 
- 
6.5 
mA 


(TJ 
= 
+ 25°CI 
- 
3.5 
6.0 


Ouiescent 
Current 
Change 
alB 
mA 


5.0 mA" 
10 " 
1.0 A, Vin 
~ 
19 V 
- 
- 
0.5 


15" 
Vin 
" 
30 Vdc, 
10 ~ 
500 mA 
- 
- 
0.8 


14.8" 
Vin 
" 
27 Vdc, 
10 = 1.0 A ITJ ~ + 25°CI 
- 
- 
0.8 


Ripple 
Rejection 
RR 
dB 
15" 
Vin" 
25 Vdc, 1 ~ 
120 Hz 
10 = 500 mA 
61 
- 
- 
10 ~ 
1.0 A, ITJ 
~ 
+ 25°CI 
61 
72 
-- 


Dropout 
Voltage 
Vin - Vo 
- 
1.7 
- 
Vdc 


Output 
Resistance 
(f = 1.0 kHz) 
ro 
- 
2.0 
- 
mO 


Short 
Circuit 
Current 
Limit 
(TJ = 
+ 25°CI 
Isc 
- 
1.1 
- 
mA 


Output 
Noise 
Voltage 
ITA 
= 
+ 25°C) 
Vn 
- 
75 
- 
p.V 


10Hz" 
1 " 
100 kHz 


Average 
Temperature 
Coefficient 
01 Output 
Voltage 
TCVO 
- 
'" 1.5 
- 
mvrc 
10 = 5.0 mA 


Peak Output 
Current 
IT J = 
+ 25°CI 
10 
- 
2.4 
- 
A 


Input 
Voltage 
to Maintain 
Line 
Regulation 
ITJ ~ + 25°C) 
14.5 
- 
- 
Vdc 


NOTES, 
1. Tlow = -55°C for LMl40A 
Thigh = + 150°C for LM140A 


~ 
O°C for LM340A 
~ 
+ 125°C for LM340A 
2. Load and line regulation are specified at constant junction temperature. Changes in VQ due to heating effects must be taken into account 


separately. 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


LM140A/340. 
- 
15 


ELECTRICAL 
CHARACTERISTICS 
IVin = 
= 
J = 
low 
liar 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
IT J = + 25"C) 
Vo 
14.4 
15 
15.6 
Vdc 


10 = 5.0 mA 
to 
1.0 A 


Line 
Regulation 
(Note 
21 
Regline 
mV 


18.5 to 30 Vdc 
- 
- 
150 


17.5 to 30 Vdc 
ITJ = + 25"C) 
- 
- 
150 


20 to 26 Vdc, 
10 = 
1.0 A 
- 
- 
75 


17.7 to 30 Vdc, 
10 = 1.0 A ITJ = + 25"C) 
- 
- 
150 


Load 
Regulation 
INote 
2) 
Regload 
mV 


5.0 mA 
'" 
10 '" 
1.0 A 
- 
- 
150 


5.0 mA 
'" 
10 '" 
1.5 A IT J = + 25"C) 
- 
- 
150 


250 mA 
'" 
10 '" 750 mA 
ITJ = + 25"C) 
- 
- 
75 


Output 
Voltage 
Vo 
Vdc 


LM140 


18.5'" 
Vin.'" 
30 Vdc, 
5.0 mA 
'" 
10 '" 
1.0 A, PD '" 
15 W 
14.25 
- 
15.75 
LM340 


17.5'" 
Vin 
'" 30 Vdc, 
5.0 mA 
'" 
10 '" 
1.0 A, PD '" 
15 W 
14.25 
- 
15.75 


Quiescent 
Current 
IB 
mA 


10 = 1.0 A 
LM140 
- 
- 
7.0 
LM340 
- 
- 
8.5 
LM140lTJ 
= + 25"C) 
- 
4.0 
6.0 


LM340lTJ 
= + 25"C) 
- 
4.0 
8.0 


Quiescent 
Current 
Change 
~IB 
mA 


18.5 '" Vin 
'" 30 Vdc, 
10 = 500 mA 
LM140 
- 
- 
0.8 


17.5'" 
Vin 
'" 30 Vdc, 
10 = 500 mA 
LM340 
- 
- 
1.0 


5.0 mA 
'" 
10 '" 
1.0 A, Vin = 23 V 
LM 140, LM340 
- 
- 
0.5 


18.5'" 
Vin 
'" 30 Vdc, 
10 = 1.0 A 
LM140 
- 
- 
0.8 


17.9'" 
Vin 
'" 30 Vdc, 
10 = 
1.0 A 
LM340 
- 
- 
1.0 


Ripple 
Rejection 
RR 
dB 
LM140 
60 
- 
- 


LM340 
54 
- 
- 
10 = 
1.0 A ITJ = + 25"C) 
LM140 
60 
70 
- 
LM340 
54 
70 
- 


Dropout 
Voltage 
Vin - Vo 
- 
1.7 
- 
Vdc 


Output 
Resistance 
(f = 1.0 kHz) 
'0 
- 
2.0 
- 
mll 


Short 
Circuit 
Current 
Limit 
IT J = + 25"C) 
Isc 
- 
800 
- 
mA 


Output 
Noise 
Voltage 
(TA = + 25"C) 
Vn 
- 
90 
- 
!J.V 


10Hz'" 
f '" 
100 kHz 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
'" 1.8 
- 
mvrc 
10 = 5.0 mA 


Peak Output 
Current 
IT J = + 25"C) 
10 
- 
2.4 
- 
A 


Input 
Voltage 
to Maintain 
Line 
Regulation 
IT J = + 25"C) 
17.7 
- 
- 
Vdc 
10 = 
1.0A 


NOTES: 


1. 
Tlow 
= 
- 55°C 
for 
lM140 
Thigh 
= 
+ 150"C 
for 
lM14Q 


= +' 25"C for LM340 
2. load and line regulation are specified at constant junction temperature. Changes in Va due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 


II 


• 


LM140Al340A 
- 
15 
ELECTRICAL CHARACTERISTICS 
IVin = 
·0= 
J = 
low 
0 
hi 
h 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
IT J = 
+ 25'C) 
Vo 
14.7 
15 
15.3 
Vdc 


10 = 5.0 mA 
to 1.0 A 


line 
Regulation 
INote 
2) 
Regline 
.mV 


17.9 to 30 Vdc. 
10 = 500 mA 
- 
- 
22 


17.5 to 30 Vdc 
(TJ 
= 
+ 25'C) 
- 
4.0 
22 


20 to 26 Vdc. 
10 = 
1.0 A 
- 
- 
30 


20 to 26 Vdc. 
10 = 
1.0 A ITJ 
= 
+ 25'CI 
- 
- 
10 


Load 
Regulation 
INote 
2) 
Regload 
mV 


5.0 mA 
'" 10 '" 
1.0 A 
- 
- 
75 


5.0 mA 
'" 
10 '" 
1.5 A ITJ 
= 
+ 25'C) 
- 
12 
35 


250 mA 
'" 
10'" 
750 mA 
ITJ 
= 
+ 25'CI 
- 
- 
21 


Output 
Voltage 
Vo 
14.4 
- 
15.6 
Vdc 


17.9'" 
Vin 
'" 30 Vdc. 
5.0 mA 
'" 10 '" 
1.0 A. Po '" 
15 W 


Quiescent 
Current 
IB 
- 
- 
6.5 
mA 


(TJ 
= 
+ 25'CI 
- 
3.5 
6.0 


Quiescent 
Current 
Change 
<l.IB 
mA 


5.0 mA 
'" 
10 '" 
1.0 A. Vin 
= 
23 V 
- 
- 
0.5 


17.9'" 
Vin 
'" 30 Vdc. 
10 = 500 mA 
- 
- 
0.8 


17.9'" 
Vin 
'" 30 Vdc. 
10 = 
1.0 A (TJ 
= 
+ 25'C) 
- 
- 
0.8 


Ripple 
Rejection 
RR 
dB 


18.5'" 
Vin 
'" 28.5 Vdc. 
I = 
120 Hz 
10 = 500 mA 
60 
- 
- 
10 = 
1.0 A. IT J = 
+ 25'C) 
60 
70 
- 


Oropout 
Voltage 
Vin - Vo 
- 
1.7 
- 
Vdc 


Output 
Resistance 
(I = 
1.0 kHz) 
ro 
- 
2.0 
- 
mll 


Short 
Circuit 
Current 
Limit 
(TJ = 
+25'C) 
Isc 
- 
800 
- 
mA 


Output 
Noise 
Voltage 
(T A = 
+ 25'CI 
Vn 
- 
90 
- 
/iV 


10 Hz '" I '" 
100 kHz 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
'" 1.8 
- 
mvrc 
10 = 5.0 mA 


Peak Output 
Current 
IT J = 
+ 25'C) 
10 
- 
2.4 
- 
A 


Input 
Voltage 
to Maintain 
line 
Regulation 
(TJ 
= 
+ 25'C) 
17.5 
- 
- 
Vdc 


NOTES: 
1. Tlow 
"" -55"C 
for lMl40A 
Thigh"" 
+ lSO"C for lM140A 
O'C for LM340A 
= 
i 125'C for LM340A 
2. load and line 
regulation 
are specified at constant junction temperature. Changes in Va due to heating effects must be taken into account 


separately_ 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


LM140/340 
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18 
ELECTRICAL 
CHARACTERISTICS 
(Vin = 
·o~ 
J = 
low 
hlor 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(T J = + 25'C) 
Vo 
17.3 
18 
18.7 
Vdc 


10 ~ 
5.0 mA 
to 
1.0 A 


Line 
Regulation 
INote 
2) 
Regline 
mV 


21.5 to 33 Vdc 
- 
- 
180 


21 to 33 Vdc 
(T J = + 25'CI 
- 
- 
180 


24 to 30 Vdc. 
10 = 
1.0 A 
- 
- 
90 


21 to 33 Vdc. 
10 = 
1.0 A ITJ = + 25'CI 
- 
- 
180 


Load 
Regulation 
(Note 
21 
Regload 
mV 


5.0 mA 
'" 10 '" 
1.0 A 
- 
- 
180 


5.0 mA 
'" 10 '" 
1.5 A (TJ 
~ 
+ 25'CI 
- 
- 
180 


250 mA 
'" 
10 '" 750 mA 
(T J = + 25'C) 
- 
- 
90 


Output 
Voltage 
Vo 
Vdc 


LM140 


22'" 
Vin 
'" 33 Vdc. 
5.0 mA 
'" 10 '" 
1.0 A. Po '" 
15 W 
17.1 
- 
18.9 


LM340 


21 '" Vin 
'" 33 Vdc. 
5.0 mA 
'" 10 '" 
1.0 A. Po '" 
15 W 
17.1 
- 
18.9 


Quiescent 
Current 
18 
mA 


10 ~ 
1.0 A 
LM140 
- 
- 
7.0 


LM340 
- 
- 
8.5 


LM140lTJ 
= + 25'C} 
- 
4.0 
6.0 


LM340 
IT J = + 25'C} 
- 
4.0 
8.0 


Quiescent 
Current 
Change 
~18 
mA 


22 '" Vin 
'" 33 Vdc. 
10 ~ 
500 mA 
LM140 
- 
- 
0.8 


21 '" Vin 
'" 33 Vdc. 
10 ~ 
500 mA 
LM340 
- 
- 
1.0 


5.0 mA 
'" 
10 '" 
1.0 A. Vin = 27 V 
LM 140. LM340 
- 
- 
0.5 


22 '" Vin 
'" 33 Vdc. 
10 ~ 
1.0 A 
LM140 
- 
- 
0.8 


21 '" Vin 
'" 33 Vdc. 
10 ~ 
1.0 A 
LM340 
- 
- 
1.0 


Ripple 
Rejection 
RR 
dB 
LM140 
59 
- 
- 


LM340 
53 
- 
- 
10 = 
1.0 A (TJ ~ + 25'C) 
LM140 
59 
69 
- 
LM340 
53 
69 
- 


Oropout 
Voltage 
Vin - Vo 
- 
1.7 
- 
Vdc 


Output 
Resistance 
(I ~ 
1.0 kHz) 
ro 
- 
2.0 
- 
mfl 


Short 
Circuit 
Current 
Limit 
(T J = + 25'C) 
Isc 
- 
500 
- 
mA 


Output 
Noise 
Voltage 
(T A 
~ + 25'CI 
Vn 
- 
110 
- 
p.V 


10 Hz '" I '" 
100 kHz 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
"'2.3 
- 
mV~C 


10 ~ 
5.0 mA 


Peak Output 
Current 
IT J ~ 
+ 25'C) 
10 
- 
2.4 
- 
A 


Input 
Voltage 
to Maintain 
Line 
Regulation 
(T J .- + 25'CI 
21 
- 
- 
Vdc 


10 = 1.0A 


NOTES: 
1, Tlow 
=0 
- 
55°C 
for lMl40 
Thigh"'" 
+ 150"C for lM140 
O'G lor LM340 
= + 125'G for LM340 
2. 
load 
and 
line 
regulation 
are 
specified 
at constant 
junction 
temperature. 
Changes 
in Vo due 
to heating 
effects 
must 
be taken 
into 
account 


separately. 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


• 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Unit 


Output 
Voltage 
IT J = 
+ 25°C) 
Vo 
23 
24 
25 
Vdc 


10 ~ 
5.0 mA 
to 1.0 A 


Line 
Regulation 
(Note 
2) 
Regline 
mV 


28 to 38 Vdc 
- 
- 
240 


27 to 38 Vdc 
(TJ = 
+ 25°C) 
- 
- 
240 


30 to 36 Vdc. 
10 = 1.0 A 
- 
- 
120 


27.1 to 38 Vdc. 
10 = 1.0 A (TJ 
= 
+ 25°C) 
- 
- 
240 


Load 
Regulation 
(Note 
2) 
Regload 
mV 


5.0 mA 
'" 
10 '" 
1.0 A 
- 
- 
240 


5.0 mA 
'" 10 '" 
1.5 A (TJ 
= 
+ 25°C) 
- 
- 
240 


250 mA 
'" 10 '" 750 mA 
ITJ 
= 
+25°C) 
- 
- 
120 


Output 
Voltage 
Vo 
Vdc 


LM140 


28'" 
Vin 
'" 38 Vdc. 
5.0 mA 
'" 
10 '" 
1.0 A. PD '" 
15 W 
22.8 
- 
25.2 


LM340 


27 '" Vin 
'" 38 Vdc. 
5.0 mA 
'" 10 '" 
1,0 A. PD '" 
15 W 
22.8 
- 
25.2 


Quiescent 
Current 
IB 
mA 


10 = 1.0 A 
LM140 
- 
- 
7.0 
LM340 
- 
- 
8.5 


LM140 
(TJ 
= 
+ 25°C) 
- 
4.0 
6.0 
LM340 
(TJ 
~ 
+ 25°C) 
- 
4.0 
8.0 


Quiescent 
Current 
Change 
~IB 
mA 


28 '" Vin 
'" 38 Vdc. 
10 = 500 mA 
LM140 
- 
- 
0,8 


27 ",' Vin 
'" 38 Vdc. 
10 ~ 
500 mA 
LM340 
- 
- 
1,0 


5.0 mA 
'" 
10 '" 
1.0 A. Vin 
= 33 V 
LM140. 
LM340 
- 
- 
0.5 


28 '" Vin 
'" 38 Vdc. 
10 ~ 
1.0 A 
LM140 
- 
- 
0.8 


27.3'" 
Vin 
'" 38 Vdc. 
10 = 1.0 A 
LM340 
- 
- 
1.0 


Ripple 
Rejection 
RR 
dB 
LM140 
56 
- 
- 
LM340 
50 
- 
- 


10= 
1.0 A (TJ 
= + 25°CI 
LM140 
56 
66 
- 
LM340 
50 
66 
- 


Dropout 
Voltage 
Vin -VO 
- 
1.7 
- 
Vdc 


Output 
Resistance 
(f = 1.0 kHz) 
ro 
- 
2.0 
- 
mfi 


Short 
Circuit 
Current 
Limit 
(TJ = 
+ 25°C) 
Isc 
- 
200 
- 
mA 


Output 
Noise 
Voltage 
ITA 
~ 
+ 25°C) 
Vn 
- 
170 
- 
!JoV 


10 Hz '" f '" 
100 kHz 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
=3.0 
- 
mvrc 
10 = 5.0 mA 


Peak Output 
Current 
(T J = + 25°C) 
10 
- 
2.4 
- 
A 


Input 
Voltage 
to Maintain 
Line 
Regulation 
ITJ 
= 
+ 25°C) 
27.1 
- 
- 
Vdc 
10 ~ 
LOA 


NOTES: 
,. Tlow 
= 
- 55"C for lM140 
Thigh 
= + 150"C for lM140 
O°Cfor LM340 
= +' 25"C for lM340 
2. load and line 
regulation 
are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately_ Pulse testing with low duty cycle is used. 


VOLTAGE 
REGULATOR 
PERFORMANCE 
The performance 
of a voltage 
regulator 
is specified 
by its immunity 
to changes in load, input voltage, power 
dissipation. 
and temperature. 
line 
and load regulation 
are tested with a pulse of short duration 
« 
100 JLS) and 
are strictly 
a function 
of electrical gain. However, pulse 
widths 
of longer 
duration 
(> 1.0 ms) are sufficient 
to 
affect temperature 
gradients 
across the die. These tem- 
perature 
gradients 
can cause a change 
in the output 
voltage. in addition 
to changes caused by line and load 
regulation. 
Longer pulse widths 
and thermal 
gradients 
make it desirable 
to specify thermal 
regulation. 


Thermal 
regulation 
is defined as the change in output 
voltage 
caused by a change in dissipated 
power for a 
specified time, and is expressed as a percentage output 
voltage 
changE! per watt. 
The change 
in dissipated 


power 
can be caused by a change in either the input 
voltage or the load current. Thermal regulation 
is a func- 
tion of Ie layout and die attach techniques, 
and usually 
occurs within 
10 ms of a change in power dissipation. 
After 
10 ms, additional 
changes in the output 
voltage 
are due to the temperature 
coefficient 
of the device. 


Figure 
1 shows 
the line and thermal 
regulation 
re- 
sponse 
of a typical 
LM140AK-5.0 
to a 10 watt 
input 
pulse. The variation 
of the output 
voltage 
due to line 
regulation 
is labeled <Dand the thermal 
regulation 
com- 
ponent is labeled ®. Figure 2 shows the load and ther- 
mal regulation 
response of a typical 
LM140AK-5.0 to a 
15 watt load pulse. The output voltage variation 
due to 
load regulation 
is labeled <Dand the thermal 
regulation 
component 
is labeled <Zl. 
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Design Considerations 
The LM140 Series of fixed voltage 
regulators 
are de- 
signed 
with 
Thermal 
Overload 
Protection 
that 
shuts 
down the circuit when subjected to an excessive power 
overload 
condition, 
Internal 
Short-Circuit 
Protection 
that limits 
the maximum 
current 
the circuit 
will 
pass, 
and Output Transistor 
Safe-Area Compensation 
that re- 
duces the output 
short-circuit 
current 
as the voltage 
across the pass transistor 
is increased. 


In many low current 
applications, 
compensation 
ca- 
pacitors are not required. 
However, it is recommended 
that the regulator 
input 
be bypassed with 
a capacitor 
if the regulator 
is connected 
to the power supply filter 


Inpu' ~ 
LM140-5.0 h 


033"FI 
--~f--~A. 
Constant 
Current 
to 
GrO:Jnded 
Load 


These 
regulators 
can also 
be used as a current 
source 
when 
connected 
as 
above. 
In 
order 
to 
mmimize 
dissipation 
the 
LM140-5.0 
is chosen 
in this application. 
Resistor 
A determines 
the current 
as follows: 
5.0 V 
10 = -R- 
+ IQ 


IQ '" '.5 
mA over line and load changes 


For example, 
a l-ampere 
current 
source would 
require 
R to be 
a 5-ohm, 
10-W 
resistor 
and 
the 
output 
voltage 
compliance 
would 
be the input 
voltage 
less 7.0 volts. 


MJ2955 
or Equiv. 


Input~ 
~~ 


R 
LM 140 
Output 


I 
1.0 I'F :J:: 
:J::0.1 I'F 


The LM140 
series can be current 
boosted 
with a PNP transistor. 
The MJ2955 
provides 
current 
to 5.0 amperes. 
Resistor 
R in 
conjunction 
with the VSE of the PNP determines 
when the pass 
transistor 
begins 
conducting; 
this 
circuit 
is not short-circuit 
proof. 
Input-output 
differential 
voltage 
minimum 
is increased 
by VSE of the pass transistor. 


with long wire lengths, or if the output load capacitance 
is large. An input bypass capacitor 
should be selected 
to provide good high-frequency 
characteristics 
to insure 
stable operation 
under all load conditions. 
A 0.33 JLF or 
larger tantalum, 
mylar, or other capacitor 
having 
low 
internal 
impedance 
at high frequencies 
should be cho- 
sen. The bypass capacitor should be mounted with the 
shortest 
possible 
leads directly 
across the regulators 
input terminals. 
Normally good construction 
techniques 
should be used to minimize 
ground 
loops and lead re- 
sistance drops since the regulator 
has no external sense 
lead. 


YO. 7.0 V to 20 V 


VIN - Vo 
" 
2.0 V 


The addition 
of an operational 
amplifier 
allows 
adjustment 
to 
higher 
or intermediate 
values 
while 
retaining 
regulation 
char- 


acteristics. 
The minimum 
voltage 
obtainable 
with thi arrange- 


ment 
is 2.0 volts greater 
than the regulator 
voltage. 


The 
circuit 
of Figure 
17 can 
be 
modified 
to provide 
supply 
protection 
against 
short circuits by adding 
a short-circuit 
sense 
resistor. 
psc. 
and 
an 
additional 
PNP 
transistor. 
The 
current 
sensing 
PNP 
must 
be able to handle 
the short-circuit 
current 
of the three-terminal 
regulator. 
Therefore. 
a four-ampere 
plas- 


tic power 
transistor 
is specified. 


® MOTOROLA 


Specifications 
and Applications 
Information 


THREE-TERMINAL 
ADJUSTABLE 
OUTPUT POSmvE 
VOLTAGE REGULATORS 


The LM150/250/350 
are adjustable 3-terminal positive voltage 
regulators capable of supplying in excess of 3.0 A over an output 
voltage range of 1.2 V to 33 V. These voltage regulators are excep- 
tionally easy to use and require only two external resistors to set the 
output voltage. 
Further, 
they employ internal 
current 
limiting, 
thermal 
sh'utdown 
and safe area compensation, 
making them 
essentially blow-out proof. 


The LM150 series serve a wide variety of applications including 
local, on card regulation. 
This device also makes an especially 
simple adjustable 
switching 
regulator, 
a programmable 
output 
regulator, or by connecting a fixed resistor between the adjustment 
and output, the LM 150 series can be used as a precision current 
regulator. 


• 
Guaranteed 3.0 Amps Output Current 
• 
Output Adjustable between 1.2 V and 33 V 
• 
Load Regulation Typically 0.1% 


• 
Line Regulation Typically 0.005%/V 
• 
Internal Thermal Overload Protection 
• ·'nternal Short-Circuit Current Limiting Constant with Temperature 
• 
Output Transistor Safe-area Compensation 
• 
Floating Operation for High Voltage Applications 
• 
Standard 3-lead Transistor Packages 
• 
Eliminates Stocking Many Fixed Voltages 


'Adjl 
Adjust 


* ""Cin i, required 
jf regulator 
i, located 
en appreciable 
distance 
from 
power 
supply 
filter. 


** - Co i, not 
needed for 
stability. 
howeve, 
it does improve 
transient 
'"pon ••. 


R2 
Vout 
= 1.25 V (1 + ~) 
+ IAdj 
R2 


Sine. IAdj i, controlled to I••• than 100 IJA. the error associated with this 
term 
I, nagUglble 
In mOlt application, 


LM1SO 
LM2S0 
LM3S0 


THREE-TERMINAL 
ADJUSTABLE 
POSmVE 
VOLTAGE 
REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL 
PACKAGE 
CASE 
1-03 


T SUFFIX 


PLASTIC 
PACKAGE~ 
CASE 
221A1 


_04 
I{) 


PIN 1. ADJUST 


2. Vout 
1 
3. Vin 


2 
3 


Tested 
Operating 
Device 
Temperature 
Range 
Package 


LM150K 
TJ = 
-55°C to +150"C 
Metal Power 
LM250K 
TJ - 
-25°C to + 150°C 
Metal Power 
LM350K 
TJ = QOCto +12S"C 
Metal 
Power 
LM350T 
TJ = O°Cto + 125°C 
Plastic Power 
LM350BT# 
TJ = -40°C to + 125°C 
Plastic Power 


II 


II 


Rating 
Symbol 
Value 
Unit 


Input· 
Output 
Voltage 
Differential 
VI-VO 
35 
Vdc 


Power Dissipation 
Po 
Internally 
Limited 


Operating 
Junction 
Temperature 
Range 
LM150 
TJ 
-55 
to +150 
°C 
LM250 
-25 
to +150 
LM350 
o to +125 


Storage Temperature 
Range 
Ts1a 
-65 
to +150 
°C 


Soldering 
Lead Temperature 
(10 seconds) 
300 
°C 


ELECTRICAL 
CHARACTERISTICS 
(Unless 
otherwise 
specified, 
VI-Va 
= 5.0 V; IL = 1.5 A; TJ 
= Tlow 
to Thigh; 
Pm ax 


(see Note 
1}.) 


LM1S012SO 
LM3SO 


Charactaristic 
Figure 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Line 
Regulation 
(Note 
21 
1 
Regline 
- 
0.005 
0.01 
- 
0.005 
0.03 
%N 


TA 
= 25"C, 3.0 V '" VI-VO 
'" 35 V 


Load 
Regulation 
(Note 
2) 
2 
Regload 
TA 
= 25"C, 
10 mA 
'" 
IL '" 3.0 A 
Va'" 
5.0 V 
- 
5.0 
15 
- 
5.0 
25 
mV 


Va'" 
5.0 V 
- 
0.1 
0.3 
- 
0.1 
0.5 
%VO 


Thermal 
Regulation, 
Pulse 
= 20 ms, 
- 
Regtherm 
- 
0.002 
- 
- 
0.002 
- 
%VoJW 
TA 
= 25"C 


Adjustment 
Pin Current 
3 
IAdi 
- 
50 
100 
- 
50 
100 
JJA 


Adjustment 
Pin Current 
Change 
1,2 
dlAdj 
- 
0.2 
5.0 
- 
0.2 
5.0 
JJA 


3.0 V '" VI-Va'" 
35 V 


10 mA 
'" IL '" 3_0 A, Po '" 
Pmax 


Reference 
Voltage 
(Note 
3) 
3 
Vref 
1.20 
1.25 
1.30 
1.20 
1.25 
1.30 
V 


'3.0 
V '" VI-Va'" 
35 V 


10 mA 
'" IL '" 3.0 A, Po '" 
Pmax 


Line 
Regulation 
(Note 
2) 
1 
Regline 
- 
0.02 
0.05 
- 
0.02 
0.07 
%IV 


3.0 V '" VI-Va'" 
35 V 


Load 
Regulation 
(Note 
2) 
2 
Regload 


10 mA 
'" IL '" 3.0 A 
Va'" 
5.0 V 
- 
20 
50 
- 
20 
70 
mV 
Va'" 
5.0 V 
- 
0.3 
1.0 
- 
0.3 
1.5 
%VO 


Temperature 
Stability 
(Tlow 
'" TJ '" Thioh) 
3 
TS 
- 
1.0 
- 
- 
1.0 
- 
%VO 


Minimum 
Load 
Current 
to 
3 
ILmin 
- 
3.5 
5.0 
- 
3.5 
10 
mA· 


Maintain 
Regulation 
(VI-Va 
= 35 VI 


Maximum 
Output 
Current 
3 
Imax 
A 
VI-Va'" 
10 V, Po '" Pmax 
3.0 
4.5 
- 
3.0 
4.5 
- 
VI-Va 
= 30 V, Po '" Pmax, 
TA = 25"C 
0.3 
1.0 
- 
0.25 
1.0 
- 


RMS 
Noise, 
% of Va 
- 
N 
- 
0.003 
- 
- 
0.003 
- 
%VO 
TA = 25"C, 
10 Hz '" f '" 
10 kHz 


Ripple 
Rejection, 
Va 
= 
10 V, f = 
120 Hz 
4 
RR 
dB 
(Note 
4) 


Without 
CAd~ 
- 
65 
- 
- 
65 
- 
CAd' 
= 10 p- 
66 
80 
- 
66 
80 
- 


Long-Term 
Stability, 
TJ = Thigh 
(Note 
51 
3 
S 
- 
0.3 
1.0 
- 
0.3 
1.0 
%11.0 k 
TA = 25"C for 
Endpoint 
Measurements 
Hrs. 


Thermal 
Resistance 
Junction 
to Case 
- 
R9JC 
"C/W 
Peak (Note 
6) 
K Package 
- 
2.3 
- 
- 
2.3 
- 
T Package 
- 
- 
- 
- 
2.3 
- 
Average 
(Note 
7) 
K Package 
- 
- 
1.5 
- 
- 
1.5 


T Package 
- 
- 
- 
- 
- 
1.5 


NOTES: 
III 
Tlow = 
-55"C 
for LMl50 


- 25'C for LM250 
O"Cfor LM350 
Pm ax = 30 W for 
K suffix 


Pmax 
:z 
25 W for 
T suffix 


(2) 
load 
and 
line 
regulation 
are 
specified 
at constant 
junction 
temper- 


ature. Changes in VQ due to heating effects must be taken into 


account 
separately. 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


(3) 
selected 
devices 
with 
tightened 
tolerance 
reference 
voltage 
available. 


(4) 
CAdj. 
when 
used, 
is connected 
between 
the 
adjustment 
pin 
and 


ground. 


Thigh: 
+150"CforLMl50 
+ 150"C for LM250 
+ 125°C for LM350 


(5) 
Since 
long·Term 
Stability 
cannot 
be 
measured 
on each 
device 
be· 


fore 
shipment, 
this 
specification 
is an 
engineering 
estimate 
of av- 


erage 
stability 
from 
lot to lot. 


(6) 
Thermal 
Resistance 
evaluated 
measuring 
the 
hottest 
temperature 


on 
the 
die 
using 
an 
infrared 
scanner. 
This 
method 
of 
evaluation 


yields 
very 
accurate 
thermal 
resistance 
values 
which 
are 
conser- 


vative 
when 
compared 
to other 
measurement 
techniques. 


(7) 
The 
average 
die temperature 
is used 
to derive 
the value 
of thermal 


resistance 
junction 
to case 
(averagel. 


'Pulse 
Testing 
Required: 


1% Duty 
Cycle 


is suggested. 


VOH-VOL 
Line 
Regulation 
('ioN) = -vol x 100 


II 


II 


24 V-----,---." 


14V---V 


f = 120 Hz 


.•.u 
tmln. 
LOBOI 


load Regulation (mV) = Vo (min. load) 
- Vo (max. load) uVO (min. load) 


Vo (max. load) 


To Calculate R2: 
Vo ~ ISET R2 + 1.250 V 
Assume ISET = 5.25 mA 


,,+ 


CAdj ;~~ 10 IJ.F 
,, 


l 
0.4 
... 
'" 
0.2 
z.•~... 
'"..~ -0.2 
0>... 
-0.4 
~~ -0.6 
0 


'"> 
-0.8 
<l 


Il"500mA 
- ::-t--- - 
....•....•.• 


l,oD 
<;::- 
-- 
.......... 


Vlo 
15 V 
Il=3'.OA/ 
'" 
I-- 


Vo i10 V 


10 
20 
30 
40 


V, - VO.INPUT 
- OUTPUT VOLTAGE OIFFERENTIALIVdcl 


~ 3.0 
~.. 


~ 2.5 
0;... 
'"~ 2.0 
>... 
=>~...g 
1.5 


I... 
~ 


-25 
0 
25 
50 
75 
100 


TJ.JUNCTION 
TEMPERATURE 
lOCI 


TJ = -55°C 


T/=250C- 
~"Y 
'1....•.. 
..,;.,.< 0/- 


-;:;:: ~ 
~500C 
-- 
~ 
~ 


I 


-1.0 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 
TJ. JUNCTION TEMPERATURE 
lOCI 


;( 
70 
.3... 
~ 


65 


B 
60 
z 
0: 
55 
~•• 
50 
~a 
45 
..j 
40 


-- 


.......-V 
/' 
V 


~ 
4.0 
.5 
~ 
3.5 


~ 
30 


=> 
~ 
2.5 


~ 
2.0 


::; 
1.5 
o 
_iQ 1.0 


10 
20 
30 


VI 
- 
Va_ 
INPUT 
- 
OUTPUT 
va 
l TAGE 
DIFFERENTIAL 
(Vdc) 


....- 
- 


.............. 


.••....•• 


•.•••.....•. 


> 
~ 
1.250 
~ 
o> 


11.240 


-: 1.230 
>" 


1.220 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
150 


TJ.JUNCTION 
TEMPERATURE 
lOCI 


100 


~ 
80 
II 


z0 


~ 


60 


.. 
40 


"'::{ 
20 


I 
I 


CAoJ'10"F 
---- 


WITHOUT 
CAoJ 


- 
V,-VrSV 
- 
ll:: 50 mA 


f'" 
120 Hz 
- 
TJ.2S'C 


I 


I 
I 


" 


CL'" 1 ,...F: CAOJ 
= lOJ,JF 


."- 
\ 


Va 
= 10 V 
- 
,/ 


~. 
SOmA 
A 
J'" 25°C 
- 
-- 
\. 
CL '0; 
WITHOUT 
CAoJ 
-" 
I 
I 
1''' 
__ I 
~, 
I 
I 


CADJ 
= 10j,lF 
- 
...- 
'-...~ 
I 


V,' 
IS V 
NTT 


Vo • 10 V 
WITHOUT CAoJ 


f = 120 Hz 
TJ = 2S'C 


~ 
100 
%o 


~ 
80 


w 
60 
•.•. 
0: 
40 


~'~ 


0.1 
1 
'0. OUTPUT CURRENT 
(AI 


10' 


- 
100 
w 
U 
% 
~ 10,1 
;;; 


V,"SV 


VO'1O 
V 
'NL • SO mA 
TJ:: 
25°C 


_l.S 
.• 
0- 
« t- 
1.0 
0% 
~w 
~O.5 
-" 
u 
0 


BASIC CIRCUIT 
OPERATION 
The 
LM 150 is a 3-terminal 
floating 
regulator. 
In opera· 


tion" 
the 
LM 150 
develops 
and 
maintains 
a nominal 
1.25 
volt 
reference 
(V ref) 
between 
its output 
and adjustment 
terminals. 
This 
reference 
voltage 
is converted 
to 
a pro· 


gramming 
current 
(IPROGI 
by 
Rl 
(see 
Figure 
17), 
and 
this 
constant 
current 
flows 
through 
R2 to 
ground. 
The 


regulated 
output 
voltage 
is given by: 


R2 
Vout 
= Vref (1 + All + IAdj R2 


Since the current 
from 
the adjustment 
terminal 
(IAdj) 
represents 
an error 
term 
in the 
equation, 
the 
LM 150 was 
designed 
to control 
IAdj to less than 
100 IlA and 
keep it 
constant. 
To 
do 
this, 
all 
quiescent 
operating 
current 
is 
returned 
to the output 
terminal. 
This imposes 
the require- 


ment 
for 
a minimum 
load current. 
If the 
load current 
is 
less than this minimum, 
the output 
voltage 
will rise. 
Since 
the 
LM 150 is a floating 
regulator, 
it is only 
the 
voltage 
differential 
across 
the 
circuit 
which 
is Important 
to 
performance, 
and 
operation 
at 
high 
voltages 
with 


respect 
to ground 
is possible. 


;. 


vref\ 


LOAD REGULATION 
The 
LM150 
is capable 
of 
providing 
extremely 
good 
load 
regulation, 
but 
a 
few 
precautions 
are 
needed 
to 
obtain 
maximum 
performance. 
For best performance, 
the 
programming 
resistor 
(Rl) 
should 
be connected 
as close 
to the regulator 
as possible 
to minimize 
line drops 
which 
effectively 
appear 
in series 
with 
the 
reference, 
thereby 
degrading 
regulation. 
The 
ground 
end 
of 
R2 
can 
be 
returned 
near 
the 
load ground 
to provide 
remote 
ground 
sensing and improve 
load regulation. 


EXTERNAL 
CAPACITORS 
A 0.1 IlF disc or 1 IlF tantalum 
input 
bypass 
capacitor 
(Cin) 
is recommended 
to 
reduce 
the 
sensitivity 
to input 


line impedance. 
The adjustment 
terminal 
may be bypassed 
to-ground 
to 
improve 
ripple 
rejection. 
This capacitor 
(CADJ) 
prevents 
ripple 
from 
being 
amplified 
as 
the 
output 
voltage 
is 
increased. 
A 
10 
IlF 
capacitor 
should 
improve 
ripple 
rejection 
about 
15idB at 120 Hz in a 10 volt application. 


Although 
the 
LM 150 
is stable 
with 
no output 
capaci· 


tance, 
like any 
feedback 
circuit, 
certain 
values 
of external 
capacitance 
can cause excessive 
ringing. 
An output 
capaci- 
tance 
(Co) 
in 
the 
form 
of 
a 
1 IlF 
tantalum 
or 
25 IlF 
aluminum 
electrolytic 
capacitor 
on 
the 
output 
swamps 
this effect 
and insures 
stability. 


PROTECTION 
DIODES 
When 
external 
capacitors 
are used with 
any 
I.C. regu- 
lator 
it is sometimes 
necessary 
to add protection 
diodes 
to 
prevent 
the 
capacitors 
from 
discharging 
through 
low 
current 
points 
into the regulator. 


Figure 
18 
shows 
the 
LM 150 
with 
the 
recommended 
protection 
diodes 
for output 
voltages 
in excess of 25 V or 


high 
capacitance 
values 
(Co> 
25 IlF, 
CADJ 
> 
10 IlF). 


Diode 
D 1 
prevents 
Co 
from 
discharging 
thru 
the 
I.C. 
during 
an 
input 
short 
circuit. 
Diode 
D2 protects 
against 
capacitor 
CADJ 
discharging 
through 
the 
I.C. during 
an 
output 
short 
circuit. 
The 
combination 
of diodes 
Dl 
and 
D2 
prevents 
CADJ 
from 
discharging 
through 
the 
I.C. 
during an input short circuit. 


II 


II 


Current 
1K 


Limit 
Adjust 


*. To provide current limiting 
of '0 
100 


to the Ivstem ground, the source of 
the 
F ET must 
be tied 
to a negative 


voltage 
below 
-1.25 
V. 


R2 ~ I~;~ 


A1 = loma~ 
r:' 
lOSS 


Va < V(BA)DSS 
+ 1.25 V + VSS 


ILmin 
- 
lOSS < 10 < 3A 
AsshownO<lo<2A 


°5 


11N4001 
°1 
lN4001 


lN4001 


°2 
I10~F 


°4 


02 
~4001 


2N5640 
~ 


-1aV 


OUTPUT 
RANGE: 


0< 
Va" 
25V 
0<; 
10 <; 3 A 


I 1.0~F 


Vr.f 
'out'" 
('A'1) 
+ 'Adj 


~ 1.25 V 
Rl 


® MOTOROLA 


THREE-TERMINAL 
ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATOR 


The lM317M 
is an adjustable 3-terminal 
positive voltage reg- 
ulator capable of supplying 
in excess of 500 mA over an output 
voltage 
range of 1.2 V to 37 V. This voltage 
regulator 
is excep- 
tionally 
easy to use and requires only two external 
resistors to 


set the output voltage. Further, it employs internal current limit- 
ing, thermal 
shutdown 
and safe area compensation, 
making 
it 
essentially blow-out 
proof. 


The lM317M 
serves a wide variety 
of applications 
including 
local, on-card regulation. 
This device also makes an especially 
simple 
adjustable 
switching 
regulator, 
a programmable 
output 


regulator, 
or by connecting 
a fixed resistor between the adjust- 
ment and output, the lM317M 
can be used as a precision current 


regulator. 


• 
Output Current in Excess of 500 mA 


• 
Output Adjustable 
Between 1.2 V and 37 V 


• 
Internal Thermal Overload Protection 


• 
Internal Short-Circuit-Current 
limiting 


• 
Output Transistor 
Safe-Area Compensation 


• 
Floating Operation for High Voltage Applications 


• 
Standard 3-lead Transistor 
Packages 


• 
Eliminates 
Stocking Many Fixed Voltages 


ladj 
~ 


·Cin 
is required 
if regulator 
is located 
in appreciable 
distance 
from 
power 
supply 
filter. 


"Co 
is not needed 
for stability. however 
it does improve transient 
response. 


Vo ~ 1.25 v (1 + ~) 
+ lad! R2 
R, 


Since 'adj is controlled 
10 less than 100 ~. 
the error associated with this term is 


negligible 
in most "pplications. 


MEDIUM·CURRENT 
THREE· TERMINAL 
ADJUSTABLE 
POSITIVE 


VOLTAGE 
REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


(All 3 Packages) 


PIN 1. ADJUST 


2. VOU! 
3. Vin 


T SUFFIX 


PLASTIC 
PACKAGE 
CASE 
221A-04 


DT-l 
SUFFIX 
PLASTIC 
PACKAGE 


CASE 
369-03 
DPAK 
1.2 


3 


DT SUFFIX 
PLASTIC 
PACKAGE 


CASE 
369A-03 


DPAK 


Tested 
Operating 
Device 
Temperature 
Range 
Package 


LM317MT 
TJ 
= 0"C 
to + 125°C 
Plastic Power 
LM317MBT# 
TJ = 
-40"C 
to + 12S"C 
Plastic Power 


#Automotive 
temperature 
range selections 
are 
available 
with 
special 
test 
conditions 
and 
additional 
tests. 


Contact 
your 
local 
Motorola 
sales 
office 
for 
information. 


II 


Retlng 
Symbol 
Velue 
Unit 


Input-Output 
Voltage 
Differential 
VI-Va 
40 
Vdc 


Power 
Dissipation 
Po 
Internally 
limited 


Operating 
Junction 
Temperature 
Range 
TJ 
Oto 
+125 
"C 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
"C 


ELECTRICAL 
CHARACTERISTICS 
(V 
V 
50V 
10 
01A 
T 
T 
toTh' 
h (see Note 
1J P 
1- 
0= 
= 
J = 
low 
.Ior 
max 


Characteristic 
Figure 
Symbol 
Mln 
Typ 
Mex 
Unit 


line 
Regulation 
INote 
3) 
1 
Regline 
- 
0.01 
0.04 
%N 


TA 
~ 
25"C, 3.0 V'" 
VI-Va'" 
40 V 


Load 
Regulati?n 
(Note 
3) 
2 
Regload 
TA 
= 25"C, 
10 mA 
'" 10 '" 0.5 A 
Va'" 
5.0 V 
- 
5.0 
25 
mV 


Va" 
5.0 V 
- 
0.1 
0.5 
OfoVO 


Adjustment 
Pin Current 
3 
lad; 
- 
50 
100 
,..A 


Adjustment 
Pin Current 
Change 
1.2 
dladj 
- 
0.2 
5.0 
,..A 


2.5 V '" VI-Va'" 
40 V, 10 mA 
'" IL '" 0.5 A, Po '" 
Pmax 


Reference 
Voltage 
(Note 
4) 
3 
Vref 
1.20 
1.25 
1.30 
V 


3.0 V '" VI-Va'" 
40 V. 10 mA 
'" 10 '" 0.5 A. Po '" Pm ax 


Line 
Regulation 
(Note 
3) 
1 
Regline 
- 
0.02 
0.07 
%N 


3.0 V '" VI-Va'" 
40 V 


Load 
Regulation 
INote 
3) 
2 
Regload 


10 mA 
'" 10 '" 0.5 A 
Va'" 
5.0 V 
- 
20 
70 
mV 
Va" 
5.0 V 
- 
0.3 
1.5 
%VO 


Temperature 
Stability 
ITlow 
'" TJ '" Thiah) 
3 
TS 
- 
0.7 
- 
OJoVO 


Minimum 
Load Current 
to Maintain 
Regulation 
3 
ILmin 
- 
3.5 
10 
mA 
(VI-Va 
= 40 V) 


Maximum 
Output 
Current 
3 
Imax 
A 


VI-Va'" 
15 V, Po '" 
Pm ax 
0.5 
0.9 
- 
VI-Va 
= 40 V, Po '" Pmax, 
TA 
= 25"C 
0.15 
0.25 
- 


RMS 
Noise, 
% of Va 
- 
N 
- 
0.003 
- 
%VO 
TA 
= 25"C, 
10 Hz '" f ",' 10 kHz 


Ripple 
Rejection, 
Va 
= 
10 V, f = 
120 Hz (Note 
5) 
4 
RR 
dB 
Without 
Cadj 
- 
65 
- 
Cadi 
= 
10!J.F 
66 
80 
- 


Long 
Term 
Stability, 
TJ 
~ Thigh 
INote 
6) 
3 
S 
- 
0.3 
1.0 
%/1.0 
k 
TA 
= 25"C for 
Endpoint 
Measurements 
Hrs. 


Thermal 
Resistance 
Junction 
to Case 
- 
R8JC 
- 
7.0 
- 
"C/W 


NOTES: 
(1) Tlow to Thigh:::: 
OOCto + 125°C 


(2) Pmax 
"'" 7.5 
W 
(3) Load and line regulation are specified at constant junction temper- 


ature. Changes in Vo due to heating effects must be taken into 
account separately. Pulse testing with low duty cycle is used. 


(4) Selected devices with tightened tolerance reference voltage 
available. 


(5) Cadj. when used. is connected between the adjustment 
pin and 
ground. 


(61Since long Term Stability cannot be measured on each device before 
shipment. this specification is an engineering estimate of average 
stability from lot to lot. 


JL 
OH 


VOL 


• Pulse Testing 
Required: 


1% Duty 
Cycle 


is suggested. 
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Adjust 
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BASIC CIRCUIT OPERATION 
The LM317M is a 3-terminal 
floating 
regulator. In op- 
eration, the LM317M develops and maintains a nominal 
1.25 volt 
reference 
(Vref) between 
its output 
and ad- 
justment 
terminals. 
This reference voltage is converted 
to a programming 
current (Iprog) by Rl (see Figure 17). 


and this constant 
current flows through 
R2 to ground. 


The regulated output 
voltage 
is given by: 


R2 
Vo = Vref (1 + Al) + ladjR2 


Since the current from the adjustment 
terminal 
(Iadj) 
represents an error term in the equation, 
the LM317M 
was designed 
to control 
ladj to less than 100 J1A and 
keep it constant. To do this, all quiescent operating cur- 
rent is returned 
to the output 
terminal. 
This imposes 
the requirement 
for a minimum 
load current. If the load 
current 
is less than this minimum, 
the output 
voltage 
will rise. 
Since the LM317M 
is a floating 
regulator, 
it is only 
the voltage differential 
across the circuit that is impor- 
tant to performance, 
and operation at high voltages with 
respect to ground 
is possible. 


Vout! 


+ 


1 


Rt 


Vref 


l'pro9 
Adjust 
\ 
Vo 
-- 
1 


ladj 
R2 


Vref ~ - 1.25V Typical 


LOAD REGULATION 
The LM317M is capable of providing 
extremely 
good 
load regulation, 
but a few precautions 
are needed to 
obtain 
maximum 
performance. 
For best performance, 
the programming 
resistor (Rl) should be connected as 
close to the regulator as possible to minimize line drops 
which 
effectively 
appear 
in series with 
the reference, 
thereby degrading 
regulation. 
The ground end of R2can 
be returned 
near the load ground 
to provide 
remote 
ground 
sensing and improve 
load regulation. 


EXTERNAL CAPACITORS 
A 0.1 I-LFdisc or 1 I-LFtantalum 
input bypass capacitor 
(Cin) is recommended 
to reduce the sensitivity 
to input 
line impedance. 


The adjustment 
terminal 
may be bypassed to ground 
to improve 
ripple 
rejection. 
This capacitor 
(Cadj) pre- 
vents ripple from being amplified 
as the output voltage 
is increased. 
A 10 I-LFcapacitor 
should 
improve 
ripple 
rejection about 15 dB at 120 Hz in a 10 volt application. 


Although 
the LM317M 
is stable with 
no output 
ca- 
pacitance, 
like any feedback 
circuit, 
certain 
values 
of 
external 
capacitance 
can cause excessive 
ringing. 
An 
output capacitance 
(Co) in the form of a 1 I-LFtantalum 
or 25 I-LFaluminum 
electrolytic 
capacitor on the output 
swamps this effect and insures stability. 


PROTECTION 
DIODES 
When external 
capacitors 
are used with any I.C. reg- 
ulator 
it is sometimes 
necessary 
to 
add 
protection 
diodes 
to prevent 
the capcitors 
from 
discharging 
through 
low current 
points into the regulator. 


Figure 18 shows the LM317M with the recommended 
protection 
diodes for output 
voltages in excess of 25 V 
or high capacitance values (Co> 
25 I-LF,Cadj > 5.0 I-LF). 


Diode Dl 
prevents 
Co from 
discharging 
thru the I.C. 
during 
an input short circuit. Diode D2 protects against 
capacitor 
Cadj discharging 
through 
the I.C. during 
an 
output 
short circuit. The combination 
of diodes Dl and 
D2 prevents Cadj from discharging 
through the I.C. dur- 
ing an input short circuit. 


T 
eo 
°2 
tN4002 


II 
-To provide current 
lImitIng 
of 10 to 
the system 
ground, 
the source 
of the 


current limiting 
dIode must be tied 
to a negative 
voltage 
below 
- 7.25 V 
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lOSS 
Vrsf 
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.• 1 25 V .• Vss 


ILmln 
-lp< 
10 < SOOmA 
- 
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0 < to < 495 mA 


I,· o"F 
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Specifications 
and Applications 
Information 


THREE-TERMINAL ADJUSTABLE 
OUTPUT NEGATIVE VOLTAGE REGULATOR 


The LM337M is an adjustable 3-terminal 
negative voltage reg- 
ulator capable of supplying 
in excess of 500 mA over an output 
voltage range of -1.2 V to - 37 V. This voltage regulator is excep- 
tionally 
easy to use and requires only two external 
resistors to 
set the output voltage. Further, it employs internal current limit- 
ing, thermal 
shutdown 
and safe area compensation, 
making 
it 
essentially 
blow-out 
proof. 


The LM337M serves a wide 
variety of applications 
including 
local, on-card regulation. This device can also be used to make a 
programmable 
output regulator; 
or, by connecting a fixed resistor 
between the adjustment 
and output. the LM337M can be used as 
a precision current regulator. 


• 
Output Current in Excess of 500 mA 


• 
Output Adjustable 
Between 
- 1.2 V and - 37 V 


• 
Internal Thermal 
Overload Protection 


• 
Internal Short-Circuit-Current 
Limiting 


• 
Output Transistor 
Safe-Area Compensation 


• 
Floating Operation for High Voltage Applications 


• 
Standard 3-Lead Transistor 
Packages 


• 
Eliminates 
Stocking Many Fixed Voltages 


MEDIUM-CURRENT 
THREE-TERMINAL 
ADJUSTABLE 
NEGATIVE 
VOLTAGE 
REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN 1. ADJUST 


2. Vin 
3. Vout 


T SUFFIX 
PLASTIC 
PACKAGE 
CASE 
221A-04 


Tested Operating 


Device 
Temperature Range 
Package 


LM337MT 
TJ ~ O°Cto + 125°C 
Plastic 
Power 
LM337MBT 
TJ ~ -40°C to + 125°C 
Plastic 
Power 


·Cin is required if regulator is located more than 4 inches from power supply 
filter. A 1.0 ~F solid tantalum or 10 ~F aluminum electrolytic is recommended. 


"Co 
is necessary for stability. A 1.0 ~F solid tantalum or 10 ,uFaluminum 
electrolytic 
is recommended. 


R2 
Vout 
~ -1.25VI1 
+ All 


II 


II 


Rating 
Symbol 
Value 
Unit 


Input-Output 
Voltage 
Oifferential 
VI-Va 
40 
Vdc 


Power 
Dissipation 
Po 
Internally 
Limited 


Operating 
Junction 
Temperature 
Range 
TJ 
o to 
+12S 
"C 


Storage 
Temperature 
Range 
Tsto 
-6S 
to 
+ 1S0 
"C 


ELECTRICAL 
CHARACTERISTICS 
(lVI-Vol 
~ 
S.O V,IO 
= 0.1; 
TJ = Tlow 
to Thigh 
(see Note 
1). Pmax 
per 
Note 
2, 


unless 
otherwise 
specified.) 


Charactaristlc 
Figure 
Symbol 
Min 
Typ 
Max 
Unit 


Line 
Regulation 
(Note 
3) 
1 
Regline 
- 
0.01 
0.04 
%N 


TA = 2S"C, 3.0 V '" lVI-Vol'" 
40 V 


Load 
Regulatibn 
(Note 
31 
2 
Regload 
TA = 2S"C, 10 mA 
'" 
10 '" O.S A 


IVai'" 
S.O V 
- 
1S 
so 
mV 


IVai'" 
S.O V 
- 
0.3 
1.0 
OJoVO 


Thermal 
Regulation 
- 
Regtherm 
- 
0.03 
0.04 
%VoJW 
10 ms 
Pulse, 
TA 
~ 
2S"C 


Adjustment 
Pin Current 
3 
lad' 
- 
6S 
100 
JlA 


Adjustment 
Pin Current 
Change 
1,2 
l1ladj 
- 
2.0 
S.O 
JlA 


2.S V '" lVI-Vol'" 
40 V, 10 mA 
'" IL '" O.S A, 


Po '" 
Pmax, 
TA = 2S"C 


Reference 
Voltage 
(Note 
4) 
3 
Vref 
V 


3.0 v'" 
lVI-Vol'" 
40 V, 10 mA 
'" 10 '" O.S A. 


Po '" 
Pmax, 
TA 
~ 
2S"C 
- 1.213 
-1.2S0 
-1.287 


Tlow 
to Thiah 
- 1.20 
-1.2S 
.- 1.30 


Line 
Regulation 
(Note 
31 
1 
Regline 
- 
0.02 
0.07 
%.V 


3.0 V '" lVI-Vol'" 
40 V 


Load 
Regulation 
(Note 
31 
2 
Regload 
, 


10 mA 
'" 
10 '" O.S A 


IVai'" 
S.O V 
- 
20 
70 
mV 


IVai'" 
S.O V 
- 
0.3 
10S 
o'oVO 


Temperature 
Stability 
(Tlow 
'" TJ '" Thiah) 
3 
TS 
- 
0.6 
- 
%VO 


Minimum 
Load Current 
to 
3 
ILmin 
mA 


Maintain 
Regulation 
(lVI-Vol'" 
10 VI 
- 
1.S 
6.0 


(lVI-Vol'" 
40 VI 
- 
2.S 
10 


Maximum 
Output 
Current 
3 
Imax 
A 


lVI-Vol'" 
1S V, Po '" Pm ax 
O.S 
0.9 
- 


lVI-Vol 
= 40 V, Po '" 
Pmax, 
TA 
~ 2S"C 
0.1 
0.2S 
- 


RMS 
Noise, 
% of Va 
- 
N 
- 
0.003 
- 
"," Vo 
TA 
~ 
2S"C, 10 Hz '" f '" 
10 kHz 


Ripple 
Rejection, 
Va = - 10 V, f = 120 Hz (Note 
SI 
4 
RR 
dB 
Without 
Cadj 
- 
60 
- 
Cad' 
~ 
10 ~F 
66 
77 
- 


Long 
Term 
Stability, 
TJ ~ 
Thigh 
(Note 
6) 
3 
S 
- 
0.3 
1.0 
Otg, 1.0 k 


TA 
~ 
2S"C for 
Endpoint 
Measurements 
Hrs. 


Thermal 
Resistance 
Junction 
to Case 
- 
R8JC 
- 
7.0 
- 
'C.W 


NOTES: 
111Tlow to Thigh 
= O"C to + 125"C 


(2) Pm ax 
: 
7.5 
W 


(3) load 
and 
line 
regulation 
are 
specified 
at constant 
junction 
temper- 


ature. Changes in Vo due to heating effects must be taken into 
account 
separately. 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


(4) 
Selected 
devices 
with 
tightened 
tolerance 
reference 
..•.oltage 


a..•.ailable. 


(51 Cadj, 
when 
used, 
is 
connected 
between 
the 
adjustment 
pin 
and 


ground. 


161 Since 
long 
Term 
Stability cannot be measured 
on each de ..•.ice before 


shipment, 
this 
specification 
is an 
engineering 
estimate 
of average 


stability 
from 
lot to lot. 


• Pulse Testing Required 


1% Duty 
Cycle 


is suggested. 


II 


II 


RL 
(max. 


Load) 
Jl-.-Va 
(min. 
Load) 


Va 
(max, 
Load) 


To Calculate 
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(~ 
-0 
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Vref 
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ladj 
is negligible. 
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BASIC CIRCUIT OPERATION 
The LM337M is a 3-terminal floating 
regulator. In op- 
eration, the LM337M develops and maintains a nominal 
-1.25 
volt reference (Vref) between its output and ad- 
justment 
terminals. 
This reference voltage is converted 
to a programming 
current 
(IPROG) by R1 (see Figure 
17), and this constant 
current 
flows 
through 
R2 from 
ground. The regulated 
output voltage is given by: 


R2 
Vout = Vref (1 + R1) + ladjR2 


Since the current 
into the adjustment 
terminal 
(Iadj) 
represents an error term in the equation, the LM337M 
was designed 
to control 
ladj to less than 100 !-LAand 
keep it constant. To do this, all quiescent operating cur- 
rent is returned 
to the output 
terminal. 
This imposes 
the requirement 
for a minimum 
load current. If the load 
current 
is less than this minimum, 
the output voltage 
will increase. 


Since the LM337M 
is a floating 
regulator, 
it is only 
the voltage differential 
across the circuit that is impor- 


tant to performance, 
and operation at high voltages with 
respect to ground 
is possible. 


I' 
vref 
R1 
" 


LOAD REGULATION 
The LM337M is capable of providing 
extremely 
good 
load regulation, 
but a few precautions 
are needed to 
obtain 
maximum 
performance. 
For best performance, 
the programming 
resistor (R1) should be connected as 
close to the regulator as possible to minimize line drops 
which 
effectively 
appear in series with 
the reference, 


thereby degrading 
regulation. The ground end of R2can 


be returned 
near the load ground 
to provide 
remote 
ground 
sensing and improve 
load regulation. 


EXTERNAL 
CAPACITORS 
A 1.0 ILFtantalum 
input bypass capacitor (Cin) is rec- 


ommended 
to reduce 
the 
sensitivity 
to input 
line 
impedance. 


The adjustment 
terminal 
may be bypassed to ground 
to improve 
ripple 
rejection. 
This capacitor 
(Cadj) pre- 
vents ripple from being amplified 
as the output voltage 


is increased. A 10 ILF capacitor 
should improve 
ripple 
rejection about 15 dB at 120 Hz in a 10 volt application. 


An output 
capacitor 
(Co) in the form of a 1.0 ILFtan- 
talum 
or 10 ILF aluminum 
electrolytic 
capacitor 
is re- 


quired for stability. 


PROTECTION 
DIODES 
When external 
capacitors are used with any I.C. reg- 
ulator 
it 
is sometimes 
necessary 
to 
add 
protectiG;; 
diodes 
to prevent 
the capacitors 
from 
discharging 
through 
low current points into the regulator. 


Figure 18 shows the LM337M with the recommended 
protection 
diodes for output voltages in excess of - 25 
V or high capacitance 
values 
(Co> 
25 ILF, Cadj > 10 
ILF). Diode D1 prevents 
Co from 
discharging 
thru the 


I.C. during 
an input 
short 
circuit. 
Diode D2 protects 
against capacitor Cadj discharging 
through the I.C. dur- 


ing an output 
short circuit. The combination 
of diodes 
D1 and D2 prevents Cadj from discharging 
through the 
I.C. during 
an input short circuit. 


II 
The LM2931 series consists of positive fixed and adjustable 
out- 
put voltage 
regulators 
that are specifically 
designed 
to maintain 
proper 
regulation 
with an extremely 
low input-to-output 
voltage 
differential. 
These devices 
are capable of supplying 
output 
cur- 
rents in excess of 100 mA and feature 
a low bias current 
of 0.4 
mA at 10 mA output. 


Designed 
primarily 
to survive 
in the harsh automotive 
environ- 
ment, 
these devices will 
protect 
all external 
load circuitry 
from 
input fault conditions 
caused by reverse battery connection, 
two 
battery 
jump 
starts, 
and excessive 
line transients 
during 
load 
dump. This series also includes 
internal 
current 
limiting, 
thermal 
shutdown, 
and additionally, 
is able to withstand 
temporary 
power- 
up with 
mirror-image 
insertion. 
Due to the low dropout 
voltage 
and bias current specifications, 
the LM2931 series is ideally suited for battery 
powered 
industrial 
and consumer 
equipment 
where 
an extension 
of useful 
battery 
life is desirable. The 'C' suffix adjustable 
output regulators 
feature 
an output 
inhibit 
pin which is extremely 
useful in microprocessor- 
based systems. 


• 
Input-to-Output 
Voltage 
Differential 
of Less Than 0.6 V at 
100 mA 


• 
Output 
Current 
in Excess of 100 mA 


• 
Low Bias Current 


• 
60 V Lond Dump Protection 


• 
- 50 V Reverse Transient 
Protection 


• 
Internal 
Current 
Limiting 
with Thermal 
Shutdown 


• 
Temporary 
Mirror-Image 
Protection 


• 
Ideally Suited for Battery-Powered 
Equipment 


Output 


30 k 


LOW DROPOUT 
VOLTAGE 
REGULATORS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUITS 


Z SUFFIX 
PLASTICPACKAGE 
CASE29-04 


Pin 1. output/ 
2. Ground 
3. Input 


1 


2 J 


Pin 1. Input, 
2. Ground 
3. Output 


1 
2 
J 


T SUFFIX 
PLASTICPACKAGE 
CASE221A-04 


FIXED 


N.C.04 
N.C. 


Gnd 
t Gnd 


Input 
a' 
Output 


(Top View) 


ADJUSTABLE 
~:~t 
l~l 
:~~st 


Input 
~ 
Output 
(Top View) 


D SUFFIX 
PLASTICPACKAGE 
CASE751-02 
sop·a 


ADJUSTABLE 
T SUFFIX 
PLASTICPACKAGE 
CASE3140-01 


Pin 1. Adjust 
2. Output Inhibit 
3. Ground 
4. Input 
5. Output 


Output 
Package 
Case 
Device 
Voltage 
Tolerance 
Number 


LM2931AO-5.0 
5.0 V 
±2.5% 
751 


LM2931AT-5.0 
5.0 V 
±2.5% 
221A-02 


LM2931AZ-5.0 
5.0 V 
±2.5% 
29-02 


LM29310-5.0 
5.0 V 
±5.0% 
751 


LM2931T-5.0 
5.0 V 
::t:5.0% 
221A-02 


LM2931Z-5.0 
5.0 V 
±5.0% 
29-02 


LM2931ACO 
Adjustable 
±2.5% 
751 


LM2931ACT 
Adjustable 
±2.5% 
3140-01 


LM2931CO 
Adjustable 
±5.0% 
751 


LM2931CT 
Adjustable 
±5.0% 
3140-01 


Rating 
Symbol 
Valua 
Unit 


Input 
Voltage 
Continuous 
Vin 
40 
Vdc 


Transient 
Input 
Voltage 
(T 
'" 
100 ms) 
Vin(T) 
60 
Vok 


Transient 
Reverse 
Polarity 
Input 
Voltage 
-Vin(T) 
-50 
Vpk 
1.0% Duty 
Cycle, 
T 
'" 
100 ms 


Power 
Dissipation 
Case 29-04 (TO-92) 
TA 
~ 25°C 
PD 
Internally 
Limited 
Watts 


Thermal 
Resistance 
Junction 
to Ambient 
9JA 
178 
0c/w 


Thermal 
Resistance 
Junction 
to Case 
9JC 
83 
°CIW 


Case 751-02 
(SOP-8) 
TA 
~ 25°C 
PD 
Internally 
Limited 
Watts 


Thermal 
Resistance 
Junction 
to Ambient 
9JA 
180 
'CIW 


Thermal 
Resistance 
Junction 
to Case 
9JC 
45 
°CIW 


Case 221A-03 
and 314D-Ol 
(TO-220 
Type) 


TA 
~ 25°C 
PD 
Internally 
Limited 
Watts 


Thermal 
Resistance 
Junction 
to Ambient 
9JA 
65 
°CIW 
Thermal 
Resistance 
Junction 
to Case 
9JC 
5.0 
°CIW 


Junction 
Temperature 
Range 
TJ 
-40 
to + 125 
°C 


Storage 
Temperature 
Range 
Tsta 
-65 
to + 150 
°C 


Output 
Voltage 
Vo 
V 
Vin 
~ 
14 V, 10 ~ 
10 mA, TJ = 25°C 
4.875 
5.0 
5.125 
4.75 
5.0 
5.25 
Vin = 6.0 V to 26 V, 10 '" 
100 mA, 
TJ ~ -40 
to 125°C 
4.75 
- 
5.25 
4.50 
- 
5.50 


Line Regulation 
Regline 
mV 
Vin = 9.0 V to 16 V 
- 
2.0 
10 
- 
2.0 
10 


Vin = 6.0 V to 26 V 
- 
4.0 
30 
- 
4.0 
30 


Load 
Regulation 
(10 
~ 5.0 mA to 100 mAl 
Reglaad 
- 
14 
50 
- 
14 
50 
mV 


Output 
Impedance 
Zo 
- 
200 
- 
- 
200 
- 
mil 
10 = 10 mA, 
A10 = 1.0 mA, f ~ 
100 Hz to 10 kHz 


Bias Current 
IB 
mA 
Vin = 14 V, 10 = 100 mA, TJ = 25°C 
- 
5.8 
30 
- 
5.8 
30 


Vin = 6.0 V to 26 V, 10 = 10 mA, IJ 
= 
-40 
to 125°C 
- 
0.4 
1.0 
- 
0.4 
1.0 


Output 
Noise 
Voltage 
(f = 10 Hz to 100 kHz) 
Vn 
- 
700 
- 
- 
700 
- 
J.lVrms 


Long-Term 
Stability 
S 
- 
20 
- 
- 
20 
- 
mVI 
kHR 


Ripple 
Rejection 
(f ~ 
120 Hz) 
RR 
60 
90 
- 
60 
90 
- 
dB 


Dropout 
Voltage 


- 


Vin-VO 
V 
10 ~ 
10 mA 
- 
0.015 
0.2 
- 
0.015 
0.2 
10 = 100 mA 
- 
0.16 
0.6 
- 
0.16 
0.6 


Over-Voltage 
Shutdown 
Threshold 
Vth(OV) 
26 
29.5 
40 
26 
29.5 
40 
V 


Output 
Voltage 
with 
Reverse 
Polarity 
Input 
(Vin = 
-15 
V) 
-yo 
-0.3 
0 
- 
-0.3 
0 
- 
V 


NOTES: 


1) 
low 
duty 
cycle 
pulse 
techniques 
are 
used 
during 
test 
to maintain 
junction 
temperature 
as close 
to ambient 
as possible. 


2) 
The 
reference 
voltage 
on the 
adjustable 
device 
is measured 
from 
the 
output 
to the 
adjust 
pin 
across 
A,. 


• 


•• 


ELECTRICAL CHARACTERISTICS 
(Vin = 14 V, Vo = 3.0 V, 10 = 10 mA, Rl ~ 27 k, Co ~ 100p.F,CO(ESR)= 0.3n, 
TJ = 25·C,Note 1, unless otherwise noted.) 


LM2931AC 


Characteristic 
Typ 


ADJUSTABLE OUTPUT 


ReferenceVoltage (Note 2, Figure 18) 
Vref 
V 
10 ~ 10 mA, TJ = 25·C 
1.17 
1.20 
1.23 
1.14 
1.20 
1.26 
10'" 100 mA, TJ ~ -40 to 125·C 
1.14 
- 
1.26 
1.08 
- 
1.32 


Output Voltage Range 
VOrange 
3.0 
2.7 to 
24 
3.0 
2.7to 
24 
V 
29.5 
29.5 


Line Regulation (Vin = Vo + 0.6 V to 26 VI 
Regline 
- 
0.2 
1.5 
- 
0.2 
1.5 
mVN 


Load Regulation (10 = 5.0 mA to 100mAl 
Regload 
- 
0.3 
1.0 
- 
0.3 
1.0 
%IV 


Output Impedance 
Zo 
- 
40 
- 
- 
40 
- 
maN 
10 ~ 10 mA, <110= 1.0 mA, f = 10 Hzto 10 kHz 


Bias Current 
IB 
mA 
10 = 100mA 
- 
6.0 
- 
- 
6.0 
- 
10 ~ 10 mA 
- 
0.4 
1.0 
- 
0.4 
1.0 
Output Inhibited 1Vth(01)~ 2.5 VI 
- 
0.2 
1.0 
- 
0.2 
1.0 


Adjustment 
Pin Current 
lAd" 
- 
0.2 
- 
- 
0.2 
- 
!LA 


Output Noise Voltage (f ~ 10 Hzto 100kHz) 
Vn 
- 
140 
- 
- 
140 
- 
p.Vrmsi 


V 


Long-Term Stability 
S 
- 
0.4 
- 
- 
0.4 
- 
%/kHR 


Ripple Rejection(f = 120Hz) 
RR 
0.10 
0.003 
- 
0.10 
0.003 
- 
%IV 


Dropout Voltage 
Vin-VO 
V 
10 = 10mA 
- 
0.015 
0.2 
- 
0.015 
0.2 
10 ~ 100mA 
- 
0.16 
0.6 
- 
0.16 
0.6 


Over-VoltageShutdown Threshold 
VthlDVI 
26 
29.5 
40 
26 
29.5 
40 
V 


Output Voltage with ReversePolarity Input IVin = -15 V) 
-yo 
-0.3 
0 
- 
-0.3 
0 
- 
V 


Output Inhibit Threshold Voltages 
Vth(OI) 
V 
Output "On," TJ = 25·C 
- 
2.15 
1.90 
- 
2.15 
1.90 
TJ = -40 to 125·C 
- 
- 
1.20 
- 
- 
1.20 
Output "Off," TJ ~ 25·C 
2.50 
2.26 
- 
2.50 
2.26 
- 
TJ ~ -40 to 125·C 
3.25 
- 
- 
3.25 
- 
- 
Output Inhibit Threshold Current IVth(OII ~ 2.5 VI 
'thIOI) 
- 
30 
50 
- 
30 
50 
!LA 


Dropout Voltage- 
The input/output 
voltage differential 
at which the regulator output 
no longer maintains 
reg- 


ulation against further reductions in input voltage. Mea- 
sured when the output decreases 100 mV from nominal 
value at 14 V input, dropout voltage is affected by junc- 
tion temperature 
and load current. 


Line Regulation 
- 
The change in output 
voltage for a 
change in the input voltage. The measurement 
is made 
under conditions 
of low dissipation 
or by using pulse 
techniques 
such that the average chip temperature 
is 
not significantly 
affected. 


Load Regulation 
- 
The change in output voltage for a 
change in load current at constant chip temperature. 


Maximum 
Power Dissipation - 
The maximum 
total de- 
vice dissipation 
for which 
the regulator 
wi(l operate 
within 
specifications. 


Bias Current - 
That part of the input current that is not 
delivered 
to the load. 


Output 
Noise Voltage - 
The rms ac voltage at the out- 
put, with constant 
load and no input ripple, measured 
over a specified frequency 
range. 


Long-Term 
Stability 
- 
Output 
voltage 
stability 
under 
accelerated life test conditions 
with the maximum 
rated 
voltage 
listed 
in the devices 
electrical 
charaeteristics 
and maximum 
power dissipation. 


II 
f--- 
Vin 
= 14 V 
/ 
f-- 


<loVO = 100 mV 
TJ = 25'C 
/ 
/ 
/ 
/ 


./ 


« 
E 
>- 
~ 
250 


::>u 
>- 
::> 
:= 
::>0150 
9 


Dashed tines below Vin = 5.0 V 


are for Adjustable 
output 


devices only. 


I 


Va ~ 5.0 V _ 
RL~500n_ 
TA = 25'C 
I 


> 
~ 
4.0 
~ 
§Z 
3.0 
>- 
~52.0 
~ 


> 
E 
~ 
200 
~ 
o> 
>- 
::> 
is: 


~ 
100 
6 
> 
'=:> 


- 
f-~O 
~ 5.0 V 
TA = 25'C 
~ 


A 


A 
/'7' 
/"i' 
/' 


RL ~ 50 01 
10 ~ 100 mA 


I 
1/ 
I 
I 


I 
Jl. 
I 
I 


II 


I 


Vo = 5.0V_ 
Tj ~ 25'C 


"- 
RL ~ 50H 
-+-- 


RL ~ 100 H 


RL ~ ~OOH - 


Vin ~ 14 V 
~ 


f-- 
Vo = 5.0V 
Tj = 25'C 
/ 
/" 
/ 
./ /' 


.-'",-/ 
I---- 
- 


'" 
8.0 
.s 
>- 


~ 
6.0 


::> 
•.., 


~ 
4.0 
a; 
!P 


10 
20 
30 
40 
Vin, INPUT VOLTAGEIVI 


'".s 
>-z 
~ 
4.0 


::>u~ 


~2.0 


I 
Vin = 14 V 


I~O mA 


Vo = 5.0 V 


10 


10 = 50 mA 


10 - 
0 mA 


I. 
I- 
Vin 
~ 
14 V 
Vo 
~ 5.0 V 
1-10 
~ 10mA 
I- 
~IO ~ 1.0 mA 
Co ~ lOOl'f 
I 
I- 
TA ~ 25'C 
I 
I 


COIESRI ~ 0.3 H 
COIESRI ~ 015 of- 


Tantalum 
Eleetrotic" 
~ 
/J'l' 


I 


6.0 
'".s 


>- 


~ 
4.0 
3 
V> 
""a; 
!P 20 


o 
25 
50 
75 
Tj, JUNCTION TEMPERATURErCI 


wu 
::112 
~ 
;;; 


~ 
0.8 


::>o 
904 


Vin = 14 V 


Vo = 5.0 V 
~Vin ~ 100 mV 
RL ~ 500 H 
Co ~ 100l'f 
TA = 25'C 


I 
.1 
LM1931C Adlustable_ 
10 ~ 
lOOmA 


Vin=VO+;·OV_ 
TA = 15°C 


/ 


?: 1.110 
~ 
~~ 
~ 
1.200 
~~~i! 1.180 
> 


6.0 
9.0 
11 
15 
18 


VA, OUTPUT VOLTAGE IVI 


1.6 
?: 
V> 
15 
0 
<5 


~ 
1.4 


,..:. 
'"I 
1.3 
~ 
>- 
~ 11 
:::> 
0 


-LM1~31C 
Adjustable 
I 
_10 
= 
10mA 
I 
V,n = Va + 
1.0 V 
- 


"Output 
'Off' _ 
-TA 
~ 15°C 
-- 
V 


.,/ 


/' 


--- 


Output 'IOn'''::: 


I 


~ 
2.1 
8 


} 
2.0 
o 
6.0 
90 
11 
15 


VA, OUTPUT VOLTAGE IVI 


j 


Gnd 
18 


Switch 
Position 
1 -= 
Output 
'On: 
2 


Vo = Vre! (, + i*l + IAdj 
R2 


~ Output 'Off' 


Rl 
R2 
22.5 
k " 
---'- 
Rl 
+ 
R2 


The 
lM2931 
series 
can 
be 
current 
boosted 
with 
a PNP 
transistor. 
The 
D4SVH7. 
on 
a heatsink. 
will 
provide 
an 
output 
current 
of 5.0 
A with 
an 


input 
to output 
voltage 
differential 
of approximately 
1.0 V. Resistor 
R in 


conjunction 
with 
the VBE of the 
PNP determines 
when 
the pass transistor 
begins 
conducting. 
This 
circuit 
is not 
short-circuit 
proof. 


6.2V-n n 


o 
_I U 
I 


fose 
= 
2.2 
Hz 


APPLICATIONS INFORMATION 


The LM2931 series regulators are designed with many 
protection 
features making them essentially 
blow-out 
proof. These features include internal current limiting, 
thermal shutdown, 
overvoltage 
and reverse polarity in- 


put protection, 
and the capability 
to withstand 
tempo- 
rary power-up with mirror-image 
insertion. Typical ap- 


plication 
circuits 
for the fixed 
and adjustable 
output 
device are shown in Figures 17 and 18. 
The input bypass capacitor Cin is recommended 
if the 
regulator is located an appreciable distance 
(;;> 4") from 
the supply input filter. This will reduce the circuit's sen- 
sitivity to the input line impedance at high frequencies. 
This regulator 
series is not internally 
compensated 
and thus requires an external output capacitor for sta- 
bility. The capacitance value required is dependent upon 
the load current, output voltage for the adjustable reg- 
ulator, and the type of capacitor 
selected. The least- 


stable condition 
is encountered 
at maximum 
load cur- 
rent and minimum 
output voltage. Figure 22 shows that 
for operation 
in the "Stable" 
region, under the condi- 
tions specified, the magnitude 
of the output capacitor 
impedance IZol must not exceed 0.4 n. This limit must 


The 
circuit 
of 
Figure 
19 
can 
be 
modified 
to 
provide 
supply 
protection 
against 
short 
c:rcuits 
by 
adding 
the 
current 
sense 
resistor 
RSC 
and 
an 
additional 
PNP 
transistor. 
The 
current 
sensing 
PNP 
must 
be 
capable 
of 


handling 
the 
short-circuit 
current 
of the lM2931. 
Safe 
operating 
area 
of 
both 
transistors 
must 
be considered 
under 
worst 
case 
conditions. 


~ 
:> 
oS 
w 
'"~ 
§? 
w 
'" 
<5z 
0- 
::> 
~ 
0.1 


::>o 
" 
> 


100 
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be observed 
over 
the 
entire 
operating 
temperature 
range of the regulator circuit. 


With economical 
electrolytic 
capacitors, cold temper- 
ature operation can pose a serious stability problem, As 
the electrolyte 
freezes, around 
- 30·C, the capacitance 
will decrease and the equivalent 
series resistance ESR 
will increase drastically, causing the circuit to oscillate, 
Quality electrolytic 
capacitors with extended tempera- 
ture ranges of - 40 to 85·C and - 55 to 105·C are readily 
available, 
Solid tantalum 
capacitors 
may be a belter 
choice if small size is a requirement, 
however, the max- 
imum IZollimit 
over temperature 
must be observed. 
Note that in the stable region, the output noise voltage 
is linearly proportional 
to IZol, In effect, Co dictates the 
high frequency 
roll-off point of the circl'it. 
Operation 
in 
the area titled "Marginally 
Stable" will cause the output 
of the regulator to exhibit random bursts of oscillation 
that decay in an under-damped 
fashion. Continuous 
os- 


cillation 
occurs when operating 
in the area titled "Un- 
stable," 
It is suggested that oven testing 
of the entire 
circuit be performed with maximum 
load, minimum 
in- 


put voltage, and minimum 
ambient temperature, 
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Specifications 
and Applications 
Information 
PRECISION 
WIDE 
RANGE 
VOLTAGE 
and 
CURRENT 
REGULATOR 


PRECISION 
WIDE 
RANGE 
VOLTAGE 
AND 
CURRENT 
REGULATOR 
SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 


This unique "floating" 
regulator 
can deliver hundreds 
of volts 
- 
limited 
only by the breakdown 
voltage 
of the external 
series 
pass transistor. 
Output voltage and output current are adjustable. 


The MC1466 integrated 
circuit 
voltage 
and current 
regulator 
is 
designed to give "laboratory" 
power-supply 
performance. 


• 
Voltage/Current 
Regulation 
with Automatic 
Crossover 


• 
Excellent line 
Voltage Regulation, 
0.03% +3.0 mV (Max) 


• 
Excellent Load Voltage Regulation, 
0.03% + 3.0 mV (Max) 


• 
Excellent Current Regulation, 
0.2% + 1.0 mA 


• 
Short-Circuit 
Protection 


• 
Output Voltage Adjustable 
to Zero Volts 


• 
Internal Reference Voltage 


• Adjustable 
Internal Current Source 


lN40Q1 


2.S 
OREQUIV 


llJ/lF1 


'L 


v,r 


lN4001 
os 


OR EQUIV 


SOllFJ 
'L 
v.r 


• 


Rating 
Symbol 
Value 
Unit 


Auxiliary 
Voltage 
Vaux 
30 
Vdc 


Power 
Dissipation 
(Package 
Limitation) 
Po 
750 
mW 
Derate 
above 
TA ~ 
+ 50·C 
1I8JA 
6.0 
mWrC 


Operating 
Temperature 
Range 
TA 
o to 
+70 
·C 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
·C 


ELECTRICAL 
CHARACTERISTICS 
(TA ~ 
+ 25·C, Vaux = 
+25 
Vdc unless 
otherwise 
noted) 


Characteristic 
Definition 
Characteristic 
Symbol 
Min 
Typ 
Max 
Units 


Auxiliary 
Voltage 
(See Notes 
1 & 2) 
Vaux 
21 
30 
Vdc 
(Voltage 
from 
pin 14 to pin 7) 


Auxiliary 
Current 
laux 
9.0 
12 
mAde 


Internal 
Reference 
Voltage 
VIR 
17.3 
18.2 
19.7 
Vdc 


(Voltage 
from 
pin 12 to pin 7) 


Reference 
Current 
(See Note 3) 
Iref 
0.8 
1.0 
1.2 
mAde 


Input 
Current 
- 
Pin 8 
18 
6.0 
12 
p.Adc 


Power 
Dissipation 
Po 
360 
mW 


Input 
Offset 
Voltage, 
Voltage 
Control 
Viov 
0 
15 
40 
mVdc 
Amplifier 
(See Note 4) 


Load Voltage 
Regulation 
l1Viov 
1.0 
3.0 
mV 
(See Note 
5) 
l1VrefNref 
0.Q15 
0.03 
% 


Line Voltage 
Regulation 
.6.viov 
1.0 
3.0 
mV 
(See Note 
6) 
l1VrefNref 
0.Q15 
0.03 
% 


VO! 
Temperature 
Coefficient 
of Output 
TCVo 
0.01 
%rC 
Voltage 
(TA = 0 to 
+ 75OC) 


Input 
Offset 
Voltage, 
Current 
Control 
Vioi 
0 
15 
40 
mVdc 
Amplifier 
(See Note 4) 
(Voltage 
from 
pin 
10 to pin 11) 


NOTE 
,: 
The instantaneous 
input 
voltage. 
Vaux• must 
not exceed the 
maximum 
value of 30 volts for the MC1466. The instantaneous 
value of Vaux must be greater than 21 volts for the MCl466 
for 
proper internal 
regulation. 


NOTE 
2: 
The auxiliary 
supply voltage Vaux• must "float" 
and be electri- 
cally isolated from the unregulated 
high voltage supply, Vin- 
NOTE 
3: 
Reference current may be set to any value of current less than 
1.2 mAde by applying 
the relationship: 


8.55 
Irel (mA) 
= R, (kllr 


NOTE 
4: 
A built-in 
offset voltage 
(15 mVdc nominal) 
is provided 
so that 
the power supply output voltage or current may be adjusted to 
zero. 


NOTE 
5: 
Load Vottage 
Regulation 
is a function 
of two additive 
compo- 
nents, 
aViov 
and 6Vref, 
where 
o.Viov 
is the change in input 
offset 
voltage 
(measured 
between 
pins 8 and 9l and .6.Vref is the 
change 
in voltage 
across R2 (measured 
between 
pin 8 and 
ground). 
Each component 
may be measured separately 
or the 
sum may be measured across the load. The measurement 
pro- 


cedure for the test circuit shown is: 
a. With 
51 open (14 = 0) measure the value of Viov (1) and 


Vref{11 
b. Close 51. adjust R4 so that 14 = 500 ~A and note Viov (2) 
and Vref (2)' 
Then .6.Viov = Viov OJ - 
Viov (2) 
% Reference Regulation 
== 
lVref III 
- 
Vref (2,1 (100%) 
== .6.Vref (100%) 
Vref(l) 
Vref 


Load Voltage Regulation 
== 


"'vVref (100%) + .6.Viov. 
reI 
NOTE 
6: 
Line Voltage Regulation 
is a function 
of the same two additive 
components 
as Load Voltage Regulation. 
6.Viov and boVref(see 
Note 5). The measurement 
procedure 
is: 


a. 5et the auxiliary 
voltage. 
Vaux' to 22 volts. Read the value 
of Viov {11 and Vref (1)' 
b. Change the Vaux to 28 volts and note the value of Viov (2) 
and Vref (2)' Then compute 
Line Voltage Regulation: 


.6.Viov == .6.Viov(1) - 
Viov (2) 


% Reference Regulation 
= 


IVref (]l 
- 
Vref (21) (100%) = boVref (100%) 
Vrel (1) 
Vrel 
Line Voltage Regulation 
= 


6.Vref (100%) + boViov. 
Vref 


NOTE 
7: 


Load 
Current 
Regulation 
is measured 
by the 
following 
procedure: 
a. With 52 open, adjust R3 for an initial load current, lL(l), such 
that Vo is 8.0 Vdc. 
b. With 52 closed. adjust RT for Vo = 1.0 Vdc and read IL(2)' 
Then Load Current Regulation 
= 


(IU21 - 
IUl!) 
(100%) + Irel 


IL(1) 
where lref is 1.0 mAde. Load Current Regulation is specified 
in this manner 
because lref passes through 
the load in a 
direction 
opposite 
that of load current 
and does not pass 
through 
the current sense resistor. Rs. 
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1. Constant 
Voltage: 
For constant voltage operation, 
output voltage Vo is given by: 


Yo = (IrelllR2) 
where A2 is the resistance from pin 8 to ground 
and Iref is the 


output current of pin 3. 
The recommended 
value of Iref is 1.0 mAde. Resistor Rl sets 


the value of Iref: 


8.5 
Irel 
~ R, 


where Rl is the resistance 
between pins 2 and 12. 


2. Constant Current: 


For constant 
current operation: 


(a) Select Rs for a 250 mV drop at the maximum 
desired reg- 


ulated output 
current, 
Imax- 


(bl Adjust potentiometer 
R3 to set constant current output at 
desired 
value between 
zero and Imax- 


3. If Vin is greater 
than 20 Vdc, CA2, CR3. and CR4 are necessary 


to protect 
the 
MC1466 
during 
short 
circuit 
or transient 


conditions. 


4. In applications 
where very low output noise is desired, R2 may 


be bypassed 
with 
Cl 10.1 I'F to 2.0 I'F). When 
R2 is bypassed, 


CR1 is necessary for protection 
during short circuit conditions. 


5. CR5 is recommended 
to protect the MC1466 from simultane· 


ous pass transistor 
failure 
and output 
short circuit. 


6. 
The 
RC network 
110 pF, 240 
pF, 1.2 WI is used 
lor 
compen- 
sation. The values shown 
are valid for all applications. 
How- 
ever, the 10 pF capacitor 
may be omitted 
if fT of 01 and 02 is 
greater than 0.5 MHz. 


7. For remote sense applications, 
the positive 
voltage sense ter- 
minal (Pin 9) is connected to the positive load terminal 
through 
a separate 
sense lead; and the negative 
sense terminal 
(the 


ground 
side of R2) is connected 
to the negative 
load terminal 
through 
a separate sense lead. 


8. Co may be selected by using the relationship: 


Co = (100 JLF)IL(max), where 
IL(max) is the maximum 
load 
current 
in amperes. 
9. C2 is necessary for the internal compensation 
of the MC1466. 


10. For optimum 
regulation, 
current 
out of Pin 5, 15 should 
not 
exceed 0.5 mAdc. Therefore 
select 01 and 02 such that: 


~~;~ 
'" 0.5 mAde 


where: 
Imax = maximum 
short-circuit 
load current 
(mAde) 


131 
= minimum 
beta of 01 


132 
= minimum 
beta of 02 


Although 
Pin 5 will source up to 1.5 mAdc, 15> 0.5 mAdc will 


result in a degradation 
in regulation. 


11. CR6 is recommended 
when Vo > 150 Vdc and should be rated 
such that Peak Inverse Voltage> 
Vo' 


8 
9 
rfj 


R2 


Q2 


Cl 


0.1 
J.lF1 ..,.. 
R2 
..,..R4 


This design consideration 
prevents 
R2 from 
being destroyed 
by excessive discharge 
current from Co' Components 
02 and 
R4 should 
be selected such that: 


R2 
R4 ~ 10 and 


YCEO 01 02'" 
Yo 


This 
section 
describes 
the operation 
and design 
of the Me 1466 voltage 
and current 
regulator 
and also provides 
information 


on useful 
applications. 


Theory 
of Operation 
Applications 
Transient 
Failures 


Voltage/Current 
Mode Indicator 


The 
schematic 
of Figure 
5 can be simplified 
by break- 


ing it down 
into basic functions, 
beginning 
with a simplified 


version 
of 
the 
voltage 
reference, 
Figure 
7. 
Zener 
diodes 


CR I and CR5 
with 
their 
associated 
forward 
biased 
diodes 
CR2 
through 
CR4 
and CR6 
through 
CR8 form 
the stable 
reference 
needed 
to balance 
the differential 
amplifier. 
At 


balance 
(VB! 
= VB2), 
the 
output 
voltage, 
(V12 
- 
V7), 
is at a value that 
is twice 
the drop 
across either 
of the two 


diode 
strings: 
V12 
- 
V7 = 2 (VCRI 
+ VCR2 
+ VCR3 + 


VCR4). 
Other 
voltages, 
temperature 
compensated 
or other- 
wise, are also derived 
from 
these 
diodes 
strings 
for use in 


other 
parts 
of the circuit. 


The 
voltage 
controlled 
current 
source 
(Figure 
8) is a 
PNp·NPN 
composite 
which, 
due 
to the 
high 
NPN beta, 


::::::.::~'" 
T 


Regulated 


Voltage 
VS2 
18 V 
'..1 
l 


vaux 
Va, 


Equivalent 
Diode 
VZ:=::::9V 


yields 
a good 
working 
PNP from 
a lateral 
device 
working 
at a collector 
current 
of only a few microamperes. 
Its base 
voltage 
(VB2) 
is derived 
from 
a temperature 
compensated 
portion 
of the 
diode 
string 
and consequently 
the overall 


current 
is dependent 
on the value 
of emitter 
resistor 
RI. 
Temperature 
compensation 
of the 
base 
emitter 
junction 
of 
Q3 
is not 
important 
because 
approximately 
9 volts 


exists 
between 
VB2 
and 
V12, 
making 
the 
AVBE's 
very 
small 
in percen tage. 
Circuit 
reference 
voltage 
is derived 


from 
the 
product 
of 
IR and 
RR; 
if IR is set 
at 
I mA 


(RI 
= 8.5 
kn), 
then 
RR (in kn) 
= Yo. 
Other 
values 
of 


current 
may be used as long as the following 
restraints 
are 


kept 
in mind: 
I) package 
dissipation 
will be increased 
by 
about 
II mW/mA 
and 2) bias current 
for the voltage 
control 


amplifier 
is 3 /lA, temperature 
dependent, 
and is extracted 
from 
the 
reference 
current. 
The reference 
current 
should 


T 
VZ:=::::9 
V 


~ 


I I 
;. Vz 
- 
VSE 
::::::8.55 
+ 
A 
Rl 
A1 


peClea Olas curren!. 


Loop amplification 
in the constant 
voltage mode is 
supplied by the voltage controlled amplifier (Figure 9), a 
standard high gain differential amplifier. 
The inputs are 
diode-protected 
against differential 
overvoltages and an 
emitter degenerating resistor, ROS, has been added to one 
of the transistors. 
For an emitter current in both Q5 and 
Q6 of 1/2 milliampere there will exist a preset offset volt- 
age in this differential amplifier of IS mV to insure that 
the output voltage will be zero when the reference voltage 
is zero. 
Without ROS, the output voltage could be a few 
millivolts above zero due to the inherent offset. Since the 
load resistor is so large in this stage compared with the 
load (09) it will be more instructive to look at the gain on 
a transconductance 
basis rather than voltage gain. Trans- 


conductance 
of the differential stage is defined for small 
signals as: 


0.026 
re"'-- 
and 
IE 


For IE = 0.5 mA, 


I 
I 
gm = 104 + 30 = 134 = 7.5 mA/volt. 


8 
Reference 
Voltage 


VR 


This level is further boosted by the output stage such that 
in the constant voltage mode overall transconductance 
is 
about 300 mA/volt. 
A second differential stage nearly identical to the first 
stage, serves as the current control amplifier (Figure 10). 
The gain of this stage insures a rapid crossover from the 
constant voltage to constant current modes and provides 
a convenient point to control the maximum deliverable 
load current. 
In use, a reference voltage derived from the 
preregulator and a voltage divider is applied to pin 10 
while the output current is sampled across RS by pin II. 
When IL RS is IS mV below the reference value, voltage 
VI 
begins to rapidly rise, eventually gaining complete 
control of Q9 and limiting output 
current 
to a value of 
V2/RS· 
If V2 is derived from a variable source, short 
circuit current may be controlled over the complete out· 
put current capability of the regulator. Since the constant· 
voltage to constant-current change-over requires only a few 
millivolts the voltage regulation maintains its quality to 
the current 
limit and accordingly 
shows a very sharp 


"knee" (1% +1 mA, Figure II). 
Note that the regulator 
can switch back into the constant voltage mode if the 
output voltage reaches a value greater than YR. Operation 
through zero milliamperes is guaranteed by the inclusion 
of another emitter offsetting resistor. 


FIGURE 11 - VI CURVE FOR I)-T0-40 V, 
O.5-AMPERE REGULATOR 
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Transistor 
Q9 
and 
five 
diodes 
comprise 
the 
essential 
parts 
of the output 
stage (Figure 
12). 
The diodes 
perform 
an "OR" 
function 
which allows only one mode 
of operation 
at a time - constant 
current 
or constant 
voltage. 
However, 
an additional 
stage 
(Q9) 
must 
be included 
to 
invert 
the 


logic and make it compatible 
with the driving 
requirements 
of series 
pass transistors 
as well as provide 
additional 
gain. 


A 1.5 mA collector 
current 
source 
sets the 
maximum 
de- 
liverable 
output 
current 
and boosts 
the output 
impedance 


to that 
of the current 
source. 
Note that the negative 
(substrate) 
side of the MCI466 
is 
7.25 
volts 
lower 
than the output 
voltage, 
and the reference 
regulator 
guarantees 
that the positive 
side is 11 volts above 


the output. 
Thus 
the 
IC remains 
at a voltage 
(relative 
to 
ground) 
solely 
dependent 
on the output, 
"floating" 
above 


and below 
Yo. VCE across 
Q9 is only two or three 
VBE'S 


depending 
on the number 
of transistors 
used in the series pass 


configuration. 


Performance 
characteristics 
of the regulator 
may be approx- 
imately 
calculated 
for a given 
circuit 
(Figure 
2). Assuming 


that the two added transistors 
(Q12 and Q13) have minimum 
betas of 20, then the overall 
regulator 
transconductance 
will 
be: 


For a change 
in current 
of 500 
mA the output 
voltage 
will drop 
only: 


0.5 
/::'V=- 
=4.2mV. 


120 


The analysis 
thus 
far does 
not 
consider 
changes 
in VR 
due to output 
current 
changes. 
If IL increases 
by 500 mA 
the collector 
current 
of Q9 decreases 
by 1.25 mA, causing 


the collector 
current 
of Q5 to increase 
by 30 IJ.A. 
Accord- 


ingly, 
IR will be decreased 
by ~.30 
IJ.A which 
will drop 
the output 
by 0.03%. 
This 
figure 
may 
be improved 
con- 


siderably 
by 
either 
using 
high 
beta 
devices 
as the 
pass 


transistors, 
or by increasing 
fR. 
Note again, however, 
that 
the 
maximum 
power 
rating 
of the 
package 
must 
be kept 
in mind. 
For example 
if IR = 4 mA, power 
dissipation 
is 


Po = 20 V (8 mAl + (11 V x 3 mAl = 193 mW. 
(5) 


This 
indicates 
that 
the circuit 
may be safely 
operated 
up 
to 
1180C 
using 
20 volts 
at the auxiliary 
supply 
voltage. 
If, however, 
the auxiliary 
supply 
voltage 
is 35 volts, 


Po = 35 V (8 mAl + 26 V (3 mAl = 358 mW. 
(6) 


which 
dictates 
that 
the 
maximum 
operating 
temperature 
must 
be less than 
91 °C to keep package 
dissipation 
within 


specified 
limits. 


Line voltage 
regulation 
is also a function 
of the voltage 
change 
between 
pins 
8 and 9, and the change 
of V ref. 
In 
this case, however, 
these voltages 
change 
due to changes 
in 
the internal 
regulator's 
voltages, 
which 
in turn 
are caused 
by changes 
in Vaux' 
Note 
that 
line voltage 
regulation 
is 


not 
a function 
of Vin' 
Note 
also that 
the instantaneous 
value of Vaux 
must always 
be between 
20 and 35 volts. 


Figure 6 shows 
six external 
diodes 
(CRI 
to CR6) 
added 
for protective 
purposes. 
CRI 
should 
be used if the output 
voltage 
is less than 
20 volts and CR2, CR3 are absent. 
For 
V0 higher 
than 
20 volts, 
CR 1 should 
be discarded 
in favor 


of CR2 
and 
CR3. 
Diode 
CR4 
prevents 
IC failure 
if the 
series 
pass 
transistors 
develop 
collector-base 
shorts 
while 


the main power 
transistor 
suffers a simultaneous 
open 
emit- 
ter. 
If the 
possibility 
of such 
a transistor 
failure 
mode 
seems 
remote, 
CR4 
may 
be deleted. 
To prevent 
instant- 
aneous 
differential 
and 
common 
mode 
breakdown 
of the 
current 
sense 
amplifier, 
CR5 
must 
be placed 
across 
the 
current 
limit resistor 
Rs. 


Load transients 
occasionally 
produce 
a damaging 
reversal 


of current 
flow from output 
to input 
Vo > 150 volts (which 
will 
destroy 
the 
IC). 
Diode 
CR6 
prevents 
such 
reversal 


and 
renders 
the circuit 
immune 
from 
destruction 
for such 
conditions, 
e.g., adding 
a large output 
capacitor 
after 
the 


supply 
is turned 
"on". 
Diodes 
CRI, 
CR2, CR3, 
and CR5 
may 
be general 
purpose 
silicon 
units 
such 
as 1N400 I or 
equivalent 
whereas 
CR4 and CR6 should 
have a peak inverse 
voltage 
rating 
equal 
to Vin or greater. 


APPUCAnONS 


Figure 
2 shows 
a typical 
O-to-40 volts, 
0.5-ampere 
regu- 


lator with better 
than 0.01 % performance. 
The RC network 
between 
pins 5 and 6 and the capacitor 
between 
pins 
13 and 
14 provide 
frequency 
compensation 
for the MC1466. 
The 
external 
pass transistors 
are used to boost load current, 
since 
the output 
current 
of the regulator 
is less than 2 mA. 


•• 


II 


Figure 
I is a 0-to-15 
volts, 
10-ampere 
regulator 
with 
the 


pass 
transistor 
configuration 
necessary 
to boost 
the load 


current 
to 10 amperes. 
Note 
that 
Co has been increased 
to 


1000 IlF following 
the general 
rule: 


The prime 
advantage 
of the MCI466 
is its use as a high 


voltage 
regulator, 
as shown 
in Figure 
3. This 0-to-250 
volts 


O.I-ampere 
regulator 
is typical 
of high voltage 
applications, 
limited 
only by the breakdown 
and safe areas of the output 
pass transistors. 


The primary 
limiting 
factor 
in high voltage 
series regula- 


tors is the pass transistor. 
Figure 
13 shows a safe area curve 


for 
the 
MJ413. 
Looking 
at Figure 
3, we see that 
if the 
output 
is shorted, 
the transistor 
will have a collector 
cur- 


rent 
of 
100 mA, with 
a VCE approximately 
equal 
to 260 


volts. 
Thus 
this point 
falls on the dc line of the safe area 


curve, 
insuring 
that 
the transistor 
will not enter 
secondary 


breakdown. 


In this respect 
(Safe Operating 
Area) the foldback 
circuit 


of Figure 
14 is superior 
for handling 
high voltages 
and yet 


is short-circuit 
protected. 
This is due to the fact that 
load 


current 
is diminished 
as output 
voltage 
drops (VCE increases 
as V0 drops) 
as seen in Figure 
15. 
By careful 
design 
the 


load current 
at a short, 
ISC can be made low enough 
such 


that 
the combined 
VCE (Vin) 
and ISC still falls within 
the 


dc safe operating 
area of the transistor. 
For the illustrated 
design 
(Figure 
14), an input 
voltage 
of 210 volts is compa- 


tible 
with 
a short 
circuit 
current 
of 
100 mA. 
Yet current 
foldback 
allows 
us to design 
for a maximum 
regulated 
load 


current 
of 500 mA. 
the pertinent 
design 
equations 
are: 


Let R2 (Hl) = Vo 
a=<!.~[-'.L-I] 
Vo 
ISC 


RI (kr!) = _':.- 
Vo 
I-a 


R 
- 
0.25 


SC - (1 - a) ISC . 


V> 
W 


~ 
10 
~~ 
•... 
z 


~ 
1.0 
([ 
::J 
U 
([o 
•... 


~ 
0.1 


.J 
.JoU 
U 


0.01 
1.0 


TJ = l5O"C 
de 


SfCONDARY 
BREAKDOWN 
UMITATlON 


THERMAl 
UMITATlON 
AT Te 
:0 
2S"C 


lBASHMrTTER 
DISSIPATION 
IS 
PERCEPTlBLE 
ABOVE 
Ie •• 5 A.) 


The Safe Operaling 
AJea Curves 
indicate 
Ic-Vcr'imitsbelowwhidlthedtvi<:twill 
not enler 
sec:ondary 
breakdown. 
CoIlec1or 
load 
lines 
for specifIC 
circuilS 
must 
fall 
within the applicable 
Sale Area 10 avoicI 


causi"1J I catastrophic 
failure. 
To insure 
operation 
below 
the maximum 
TJ. poMl" 


temperaturede,ating 
must be observed 
lor 


both steady slate and pulse power 
conditions. 


T 
O.l~F 


25 V1 


The terms ISC and Ik correspond to the short-circuit 
current and maximum available load current as shown in 
Figure IS. 


FIGURE 15 - TYPICAL 
FOLDBACK PERFORMANCE 


/ 
/ 
/ 
/ 
I 
I 


/ 


, 


/ 
/ 
/ 


u" 
~ 200 


w 
<:J 
<: 
~ 
150 
..J 
o 
> 
~ 100 
.. 
f-~ 
o 
50 


" 
> 


Figure 16 shows a remote sense application which should 
be used when high current or long wire lengths are used. This 
type of wiring is recommended for any application where the 
best possible regulation is desired. Since the sense lines draw 
only a small current, large voltage drops do not destroy the 
excellent regulation of the MC1466. 


the normal ac line often contains bursts of voltage running 
from hundreds to thousands of volts in magnitude and only 
microseconds in duration. 
Under some conditIOns this en- 
ergy is dissipated across the internal zener connected be- 
tween pins 9 and 7. This transient condition may produce 
a total failure of the regulator device without any apparent 
explanation. 
This type of failure is identified by absence 


of the 7 volt zener (CR I) between pin 9 and pin 7. To pre- 
vent 
this 
failure 
mode 
the 
use of a shielded 
power 
transformer 
is recommended, 
as shown in Figure 6. In 
addition, 
it is recommended 
that 
CI, C3 and C4 be 


included to aid in transient repression. These capacitors 
should have good high frequency characteristics. 
If the possibility of transients on the output exists, the 


addition of a resistor and zener diode between pins 9 and 
7 as shown on Figure 17 should be added. 


VOLTAGE/CURRENT 
MODE 
INDICATOR 
There may be times when it is desirable to know when the 
MCI466 is in the constant current mode or constant voltage 
mode. A mode indicator can be easily added to provide this 
feature. Figure IS shows how a PNP transistor has replaced 
a protection diode between pins S and 9 of Figure 2. When 
the MC1466 goes from constant voltage mode to constant 
current mode, Vo will drop below Vs and the PNP transistor 
will turn on. The I mA current supplied by pin S will now 
be shunted to base of Q2 thereby turning on the indicator 
device II. 


T01~F 


25 V1 


All diodes are 
1N4Q01or 
equivalent. 


• 


All diodes 
are 
1N40Q1or 
equivalent. 


@ MOTOROLA 


The MC1568/MC1468 
is a dual 
polarity 
tracking 
regulator 
designed to provide balanced positive and negative output volt- 
ages at currents 
to 
100 mA. 
Internally, 
the device is set for 


~ 15-volt 
outputs 
but an external 
adjustment 
can be used to 
change both outp!'ts 
simultaneously 
from 8.0 to 20 volts. Input 
voltages up to ~ 30 volts can be used and there is provision for 
adjustable current limiting. 


• 
Internally 
Set to ~ 15 V Tracking Outputs 


• 
Output Currents to 100 mA 


• 
Outputs Balanced to within 
1.0% (MC1568) 


• 
Line and Load Regulation of 0.06% 


• 
1.0% Maximum 
Output Variation 
Due to Temperature 
Changes 


• 
Standby Current Drain of 3.0 mA 


• 
Externally Adjustable 
Current Limit 


• 
Remote Sensing Provisions 


3(SI 
Vo+ 


SENSE 
214) 
1+) 


Compen 


1+) 
1(3) 
12) Balance 


Adjust 
(L package 


only) 
7(11) 
Sense (-I 
Vo- 


6(10) 


Gnd 
10(11 Voltage 
Compen 
(-I 
Adjust 
9(141 
8(12) 


MC1468 
MC1568 


DUAL ±15-VOLT 
TRACKING REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL 
PACKAGE 
CASE 
603C-Ol 
- 


1 


LSUFAX 
CERAMIC 
PACKAGE 
CASE 
632-08 


ORDERING 
INFORMATION 


Device 
Temperature 
Range 
Package 


MC1468G 
O·C to 
+70·C 
Metal 
Can 


MC1468L 
O·C to 
+ 70·C 
Ceramic 
DIP 


MC1S68G 
- SS·C to 
+ 12S·C 
Metal 
Can 


MC1S68L 
- SS·C to 
+ 12S·C 
Ceramic DIP 


Rating 
Symbol 
Value 
Unit 


Input 
Voltage 
VCC.IVEEI 
30 
Vdc 


Peak Load 
Current 
Ink 
100 
mA 


Power 
Dissipation 
and Thermal 
Characteristics 
G Package 
L Package 


TA = 
+25·C 
Po 
0.83 
1.25 
Watts 


Derate 
above 
TA = 
+ 25·C 
1I8JA 
6.6 
10 
mWrC 
Thermal 
Resistance, 
Junction 
to Air 
8JA 
150 
100 
·CIW 


TC = 
+25·C 
Po 
1.8 
2.5 
Watts 


Derate 
above 
T C = 
+ 25·C 
1/8JC 
14.3 
20 
mWrC 


Thermal 
Resistance, 
Junction 
to Case 
8JC 
70 
50 
·CIW 


Storage 
Junction 
to Temperature 
Range 
TJ. Tstn 
-65 
to 
+ 150 
·C 


Minimum 
Short-Circuit 
Resistance 
Rsc(minl 
4.0 
Ohms 


Ambient 
Temperature 
MC1468 
MC1568 


ELECTRICAL 
CHARACTERISTICS 
(VCC = 
+20 
V. VEE = 
-20 
V. Cl = C2 = 1500 pF. C3 = C4 = 1.0 !J.F. RSC+ 
= RSC- 


4.0 n. IL + = IL - 
= O. TC = 
+25·C 
unless 
otherwise 
noted.) 
(See 
Figure 
1.) 


MC1568 
MC1468 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
Vo 
±14.5 
±15 
±15.5 
±14.5 
±15 
±15.5 
Vdc 


Input 
Voltage 
Vin 
- 
- 
±30 
- 
- 
±30 
Vdc 


Input-Output 
Voltage 
Differential 
IVin-VOI 
2.0 
- 
- 
2.0 
- 
- 
Vdc 


Output 
Voltage 
Balance 
(L package 
only) 
VBal 
- 
±50 
±150 
- 
±50 
±300 
mV 


Line 
Regulation 
Voltage 
Regline 
mV 


(Vin = 18 V to 30 V) 
- 
- 
10 
- 
- 
10 


(Tlow<D to Thinh®) 
- 
- 
20 
- 
- 
20 


Load 
Regulation 
Voltage 
Regload 
mV 


(IL = 0 to 50 mA. 
T J = constant) 
- 
- 
10 
- 
- 
10 


(TA = Tlow 
to Thinh) 
- 
- 
30 
- 
- 
30 


Output 
Voltage 
Range 
VOR 
Vdc 
L Package 
(See 
Figure 
4) 
±8.0 
- 
±20 
±8.0 
- 
±20 
G Package 
(See 
Figures 
2 and 
13) 
±14.5 
- 
±20 
± 14.5 
- 
±20 


Ripple 
Rejection 
(f = 
120 Hz) 
RR 
I - 
75 
- 
- 
75 
- 
dB 


Output 
Voltage 
Temperature 
Stability 
ITSVol 
- 
0.3 
1.0 
- 
0.3 
1.0 
% 


(Tlow 
to Thiah) 


Short-Circuit 
Current 
Limit 
ISC 
- 
60 
- 
- 
60 
- 
mA 
(RSC = 
10 ohms) 


Output 
Noise 
Voltage 
Vn 
- 
100 
- 
- 
100 
- 
!J.V(RMS) 
(BW = 
100 Hz- 10 kHz) 


Positive 
Standby 
Current 
IS+ 
- 
2.4 
4.0 
- 
2.4 
4.0 
mA 
(Vin = 
+30 
V) 


Negative 
Standby 
Current 
IS- 
- 
1.0 
3.0 
- 
1.0 
3.0 
mA 
(Vin = 
-30V) 


Long-Term 
Stability 
tJ.VOItJ.t 
- 
0.2 
- 
- 
0.2 
- 
%/k Hr 


<7 
+VO 
+151/ 


315) 
2(4) 
+ 
C3 
1.0,u 


INPVTI+1 
4(7} 
1(3} 
C2 


VCC 
COMPEN(+1 


+2QV 
*Cin 


1500 0' 


MC'568 
lo11l 
r--+ 
MC1468 
GNO 
GNO 


-2QV * 


TC;n 
8(12) 
Cl 
e-- 
COMf'l:N 
(-) 


INPUTI-I 
5181 
15000' 


+ 
CA 


6110} 
1.0,.1' 


-yo 


'50- 
-151/ 


Cl and C2 should 
be located as close to the device as possible. A 0.' 


J.l.Fceramic 
capacitor 
(Cin) may be required 
on the input 
lines if the 


device is located an appreciable 
distance from the rectifier filter capac- 


itors. C3 and C4 may be increased to improve 
load transient 
response 
and to reduce the output noise voltage. At low temperature operation. 
it may be necessary to bypass C4 with a 0.1 
J.l.F ceramic disc capacitor. 


INPUT{+) 
MJ"" 


(+20VIO 
+30 V) 
OR EOUIV 
'50+ 


GDfi 
2.0W 


Vcc 
"0+ 
SENSEI+1 
COMPENI+1 


G.V 
MCI568 
GNO 
'sc-- 
MC, ••• 
'50 
COMPEN(-) 


VEE 
VO- 
SENSEI-I 


FIGURE 2 - 
VOLTAGE ADJUST AND 
BALANCE ADJUST CIRCUIT 


(14.5 V'" 
VOUl '" 20 VI 


15000' 


MCl568l 
1011) 


MCl468.. 
GNO 


8(121 


5181 
1500of 


6(101 


RSC- 


FIGURE 4 - 
OUTPUT VOLTAGE ADJUSTMENT 
FOR 8.0 V'" 
I±Vol 
'" 14.5 V 
(Ceramic-Packaged 
Devices 
Only) 


RSC+ 


COMPEN 
I + I 
R2 


MCI568l 
GNO 
Mel.... 
SalIdj 


OOMPEN{-) 


vEE 


Vo- 
SENSEI-I 


-yo 


The presence of Baladj, pin 2, on devices housed in the dual in-line 
package (L suffix) allows the user to adjust the output voltages down 
to 
::t 8.0 V. The required 
value of resistor 
R2 can be calculated 
from 


R2 ~ 
Rl Rin! (</> + Yz) 
Rin! (YO - 
</> 
- 
Yzl - 
</> Rl 


Where: 
Riot = An Internal Resistor = R1 = '.0 kO 


</> 
~ 
0.68 Y 
Yz 
= 6.6 Y 


Some common 
design values are listed below: 


±YO(V) 
R2 
TC YO (%I"CI. 


14 
1.2 k 
0.003 
12 
1.8 k 
0.022 


10 
3.5 k 
0.025 
8.0 
0.028 


IB + (mAl 


10 
7.2 
5.0 
2.6 


II 


~ 
;::,60 
~ 
a: 
a 
120 
~ 


~ 
&) 


1~ 
+ 
40 
+~ 


100 


90 
'".s 
80 
>-* 
70 
a 
60 
5 
50 
~ 
§ :: 
iJi 
~20 


10 
o 
o 


~ 
10 
z 
~ 
2.0 
~ 
~ 
3.0 


I 
1 


I--- 
RSC = 4.0 OHMS 


ilVp" 
'~mv 


POSITIVEREGULATOR 
-- 
f-- 
- 
~ I-- 
- 
I---- 
--- 
I-- 
- 
I--- 
"'NEGATIVE 
REGULATOR 


40 
60 


IL. lOAD CURRENT (mAl 


~ 


~ 
4.0 
o 
~ 
5.0 
::> 


~ 
6.0 
o 


40 
60 


IL. LOAD CURRENT ImAI 


'".s 


~ 
160 
~a 
~ 
120 


~ 
80 
CURVE NUMBER 
1 - 
G PACKAGE, NO HEATSINK 
2 -L 
PACKAGE, NO HEATSINK 
3 - 
G PACKAGE, INFINITE HEATSINK 
4 -L 
PACKAGE, INFINITE HEATSINK 


2.0 
4.0 
6.0 
8.0 
10 
12 
14 


IVin,Vol, INPUT·OUTPUT VOLTAGE DIFFERENTIALIVI 


CURVE NUMBER 
1 - 
G PACKAGE, NO HEATSINK 
2 -L 
PACKAGE, NO HEATSINK 
3 - 
G PACKAGE, INFINITE HEATSINK 
4 -L 
PACKAGE, INFINITE HEATSINK 


MCI468 
I 
-, 


MCl56 
• ----'- 
-25 
0 
+25 
+_0 


TA, AMBIENT TEMPERATURE('01 


+ 
40 
+~ 


AGURE 
10 - 
CURRENT-L1MmNG 
CHARACTERISTICS 


100 


80 
'".s 
>- 
60 
a'i~ 
::> 
u 
'" 
40 
zE 
'":::; 
20 
- 
_RSC 
10 OHMS-r-- 
- 
-= 
RSC 
20 OHMS 


\ 
\ 


\. 
TJ = 25·C 


"- "'- 


•....... --..- 


8.0 
12 
16 
20 
24 


RSC,SHORT·CIRCUITRESISTORIOHMSI 
o 
+25 
+50 
+75 
+100 
+125 


TJ' JUNCTION TEMPERATUREi·CI 


TYPICAL 
CHARACTERISTICS 
(continued) 
(VCC = +20 V, VEE = -20 
V, Vo = :t15 V, TA = + 25'C unless otherwise noted.) 


I 


VCC = IVEEI 


f?POSITIVE STANOBY CURRENT - I--- 


/: 
55'C 
+ 25'C 
~ 
+ 125'C 


55'C 
+ 25'C 
-NEGATIVE 
'/" 
+ 125'C 


STANDBY CURRENT 


< 
~ 
30 
~a 
2.0 
I- 
12~ 
.Ii> 1.0 


20 
22 
24 
26 
28 


:t Vin, INPUT VOLTAGEl:t VI 


G 
~ 
0.03 
t;: 
~ 
0.02 


~ 
0.01 
a: 
~ 


10 


9.0 


8.0 


7.0 
16.0 
I- 
~ 
5.0 


~ 
4.0 
u 
~ 
3.0 


~ 
2.0 


1.0 


o 
15 


POSITIVESTANDBY CURRENT~ -- 
J...--t- 
~ -- 
1 
;....-- 
I 
r 
I 
NEGATIVESTANDBY CURRENT 


T 


1\ 
POSITIV~REGuLATOR 
II 
.- 


.:l.IL = O-lOmA 
RSC = 10 OHMS 


NEGATIVEREGULATOR 
r 


o 


-10 


-20 


~ 
-30 
t5 -40 
~ 
::> 
-50 
:zS -60 


~ 
-70 
~ -so 


~ 
-90 


-100 
100 


I 
I 
NEGATIVE 


RSC =' 10 OHMS 
REGU~OR 


IL = 10mA 
./ 


./ 
PO~ITIVE 
17 
REGULATOR 
/ 
L.-- 


./ 
I...-- •••• 
--- 


II 


TYPICAL 
CHARACTERISTICS 
(continued) 


(VCC 
~ + 20 V, VEE 
~ 
- 20 V, Va = ± 15 V, TA = + 25·C unless otherwise noted.) 


10 k 
100 k 


f, TEST 
FREQUENCY 
(Hz) 


Device 


MCl723CD 
MCl723CG 
MCl723CL 
MCl723CP 
MCl723G 
MCl723L 


LM723CH. ,.A723HC 
LM723CD. ,.A723DC 
LM723CN. ,.A723PC 


Temperature 
Range 


O"'Cto +70°C 
O'C to +70'C 
O'C to +70'C 


O"C to +70"C 


- SS'C to + 12S'C 
- SS'C to + 12S'C 


Package 


50-14 


Metal 
Can 


Ceramic 
DIP 


Plastic 
DIP 


Metal 
Can 


Ceramic 
DIP 


MC1723 
MC1723C 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
The MCl723 
is a positive or negative voltage regulator designed 
to deliver load current to 150 mAdc. 
Output current capability can 
be increased to several amperes through use of one or more external 
pass transistors. 
MCl723 
is specified for operation over the military 
temperature 
range 1-550C to +1250CI and the MCl723C 
over the 
commercial temperature range (0 to +700CI 
- 


1 


• 
Output Voltage Adjustable from 2 Vdc to 37 Vdc 


• 
Output Current to 150 mAdc Without 
External PassTransistors 


• 
0.01 % Line and 0.03% Load Regulation 


• 
Adjustable Short-Circuit 
Protection 


P SUFFIX 
PLASTICPACKAGE 
CASE646-06 


IBottom VieWI~O o 
.0 


G SUFFIX 
00 
t 
METALPACKAGE 
2 
CASE603-04 


L SUFFIX 
CERAMICPACKAGE 
CASE632-08 


V,r! 
VEE 
2141 


INVERTING 


INPUT 
INPUT 


PIN 
NUMBERS 
ADJACENT 
TO TERMINALS 
ARE 
FOR 
THE 
METAL 
PACkAGE. 


PIN 
NUMBERS 
IN PARENTHESIS 
ARE 
FOR 
DUAL 
IN LINE 
PACKAGES 


o SUFFIX 
PLASTICPACKAGE 
CASE751A-02 
SO-14 


II 


_. . 
-_. - 


Pulse Voltage from VCC to VEE 
(50 ms) 
Vinlpl 
50 
Vpeak 


Continuous 
Voltage from VCC to VEE 
Vin 
40 
Vdc 


Input-Output 
Voltage 
Differential 
Vin 
- Va 
40 
Vdc 


Maximum 
Output 
Current 
IL 
150 
mAde 


Current from Vref 
Iref 
15 
mAde 


Current from Vz 
Iz 
25 
mA 


Voltage 
Between Non-Inverting 
Input and VEE 
Vie 
8.0 
Vdc 


Differential 
Input Voltage 
Vid 
'5.0 
Vdc 


Power Dissipation and Thermal 
Characteristics 
Plastic Package 
TA' 
+250C 
PD 
1.25 
W 
Derate above T A = + 2SoC 
1/0JA 
10 
mW/oC 
Thermal 
Resistance. Junction 
to Air 
OJA 
100 
°CIW 


Metal Package 
TA = +250C 
PD 
1.0 
Watt 
Derate above T A = +2SoC 
1/0JA 
6.6 
mW/oC 


Thermal 
Resistance. Junction 
to Air 
°JA 
150 
°C/W 


TC • +250C 
PD 
2.1 
Watts 


Derate above T A = +2SoC 
1/0JA 
14 
mW/oC 


Thermal 
Resistance. Junction 
to Case 
0JC 
35 
°C/W 
Dual I n-Line Ceramic Package 
PD 
1.5 
Watt 


Derate above T A = +2SoC 
1/0 JA 
10 
mW/oC 


Thermal 
Resistance. Junction 
to Air 
°JA 
100 
°C/W 


Operating and Storage Junction 
Temperature 
Range 
TJ' Tstg 
°c 
Metal Package 
-65 to +150 
Dual In-Line 
Ceramic 
-65 to +175 


Operating Ambient 
Temperature 
Range 
TA 
°c 
MC1723C 
o to +70 


MC1723 
-55 to +125 


ELECTRICAL 
CHARACTERISTICS 
(Unless 
otherwise 
noted: 
TA ~ + 25·C, Vin 12 Vdc, Vo = 5.0 Vdc,IL 
= 1.0 mAde, 
RSC ~ 0, 


Cl 
= 100 pF, Cref = 0 and divider 
impedance 
as seen by the error 
amplifier'" 
10 kfi connected 
as shown 
in Figure 2) 


MC1723 
MC1723C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


I nput Voltage Range 
Von 
9.5 
- 
40 
9.5 
- 
40 
Vdc 
-- 
Output 
Voltage Range 
Vo 
2.0 
- 
37 
2.0 
- 
37 
Vdc 


Input-Output 
Voltage Differential 
Vin-VO 
3.0 
- 
38 
3.0 
- 
38 
Vdc 


Reference Voltage 
Vref 
6.95 
7.15 
7.35 
6.80 
7.15 
7.50 
Vdc 


Standby 
Current 
Drain (I L - 0, Vin - 30 V) 
liB 
- 
2.3 
3.5 
- 
2.3· 
4.0 
mAdc 


Output 
Noise Voltage (f ""100 Hz to 10 kHz) 
Vn 
"VIRMSl 


Cref ""0 
- 
20 
- 
- 
20 
- 


Cref = 5.0 "F 
- 
2.5 
- 
- 
2.5 
- 


Average Temperat(f) 
Coefficient 
of Output 
TCVO 
- 
0.002 
0.015 
- 
0.003 
0.015 
%f'c 


VoltagelTlow 
1 <TA<Th,gh@1 


Line RegUlatIon 
Regline 
%VO 


IT 
'+250CI{12V<V,n<15V 
- 
0.01 
0.1 
- 
0.01 
0.1 
A 
12 V < V,n <40 
V 
- 
0.02 
0.2 
- 
0.1 
0.5 
ITlow G)<TA 
<Th,gh@1 


12V<V,n<15V 
- 
- 
0.3 
- 
- 
0.3 


Load Regulation (1.0mA<1 
L<50 
mAl 
Regload 
%VO 


TA 
=:. Cf>5 
0C 
- 
0.03 
0.15 
- 
0.03 
0.2 


Tlow 
1 <TA<Th,gh@ 
- 
- 
0.6 
- 
- 
0.6 


Ripple Rejection 
(f - 50 Hz to 10 kHz) 
RR 
dB 
Cref ""0 
- 
74 
- 
- 
74 
- 


Cref"" 5.0 J,JF 
- 
86 
- 
- 
86 
- 


Short CirCUit Current 
limit 
(Rse 
'" 10 n, 
Isc 
- 
65 
- 
- 
65 
- 
mAdc 
Vo = 01 


Long Term Stability 
ICIVO!6t 
- 
0.1 
- 
- 
0.1 
- 
%/1000 Hr 


TYPICAL 
CHARACTERISTICS 


(Vin = 12 Vde, Vo = 5.0 Vde, I L = 1.0 mAde, RSC = 0, T A = +250C unless otherwise 
noted.) 


TJmax" 
150°C 


ATH 
= 150oC!W 
;;' 
160 
PSTANDBY 
"60 
mW 


.s 
(No 
heal sink) 


>-~~ 110 
~ 
=>'-' 
0;; 
80 
... 
~ 
'0 


r::::: ::::- 
r--I--- 


TA" -550e 
r--..~ r---- 


T~" .;r,;- 


•........ ~ 


I 
I-J.- 


RSC" 10 n 
TA 
= +1250C 


"0> 
'!. 
zo 
>=~ 
-005 
~~ 


~ 
-0.1 
tOl5 
~ 


11 


~ 
1.0 


2: 
w~ 0.8 
~ 
0> 
0.6 
>- 
=>~ 
>- 
=> 
0 
D.' 
> 
>=g 
0.1 


Rse" 
10 II 


TA = +1250C 


TA j.250C 


I 
TA" -155°C 
I 


"0 
>'!. 
zo 
>= 
:3 
=> 
~ 
-DOS 


o 
~ 


~ 
-D.) 


~ 


~ 
'!. 
zo 
>= 
~ 
~O.l 


=>~ 
w~ 
o 
~ 
~ 
~ 
-0.3 


~ 
o 
2: 


c.:J 
0.7 


~ 
w 
~ 
0.6 
~ 
>-~ 


~ 
0.5 
~~ 
=>'-' 
LIMIT 
CURRENT 
RSC 
" 10 H 


-50 


II 


.1Vin 
~ +3 v 


-- 
--- 


<3 
>~ 
z 
0+01 
>= 
. 
:5~ 
'"~ 
z 
::; 
"I 


:;{ 
3.0 
E 
>-z~ 


~ 
2.0 


>-waz 


~ 
1.0 


I 
~OAO 
CURRENT 


+ 


Il 
"'40 
mA 


\ 
0 


f\ 
I 


./ 


OUTPUT 
VOLTAGE 


10 


V; 
« 
~ 
E 
w 
z 
uz 
a 
~ 


>=« 
~ 
~ 
>- 
a 
~ 
~ 
~ 
>-~ 
a~ 


;; 
Eza 
>= 


~ 
+2.0 


'"~ 
a> 
>- 
~ 
-4.0 
a 


+0.1 


<3 
>2. 
za 
>=:5~ 
'" 
w~ 
a 
~ -0.1 
~! 


I~ = 1111110 
Il :150 mAl 


--I---- ----'-..... 


.••.•... 


i' 


INPUT 
VOLTAGE 


I 
I 


/' 
"""- 


OUTPUT 
VOLTAGE 
j 
'-- 


;; 
Eza 
>=«~ 


~ 
+2.0 
~ 
a> 
>-~ 
>-~ 
a 


~ 
a 
+2.0 ?:za 


>= 
<{ 
~ 
w 
'" 
~ 
> 
>-~~ 
z 


+Vin 


Al 


1513 


ere! 
A2I 


VO-7[ 
A2 J 
ISC'" 
Vsense:;: 
0.66 
iU TJ "'+250C 


: 
Al+A2 
ASC 
ASC 


For best results 
10 k < Rl 
+ R2 < 100 
k 


For minimum 
drift 
R3 '" RlIIR2. 


Al 


161' 
MC1723 


(MC1723C) 


1513 
100 pF 


'"tz 


A2 


1(3) 


5171 


RA'" 
~ 
10ku 
where 
Vsense 
['knee 
- lJ 
."-- 


'SC 
Iknee 
1-. 
Va 
'SC 
'L- 
Vsense 
ASC ·11-01 
'sc 


O.I$.1Fr 


Vin 
1 
Va 


+6.5 
v 


IO.1"F 


0.33 
+5 V 


Vin2 
-=- 
(1218 
+10 
V 
Va 
6 (101 


+5 V 
10 (21 


MC1723 
1131 
2k 
(MC1723CI 
2(') 


(513 


5.1k 
91131 


(7)5 
I1000PF 


•• 


FIGURE 
22 - 
+12 V.1·AMPERE 
REGULATOR 


USING PNP CURRENT 
BOOST 


® MOTOROLA 


Specifications 
and Applications 
Information 


These overvoltage 
protection 
circuits 
IOVP) protect 
sensitive elec- 


tronic 
circuitry 
from 
overvoltage 
transients 
or 
regulator 
failures 


when 
used 
in conjunction 
with 
an 
external 
"crowbar" 
SeA. 
They 
sense the 
overvoltage 
condition 
and 
quickly 
"crowbar" 
or 
short 
circuit 
the supply, 
forcing 
the supply 
into current 
limiting 
or open- 


ing the 
fuse or circuit 
breaker. 
The protection 
voltage 
threshold 
is adjustable 
and the MC3423/ 
3523 
can 
be programmed 
for 
minimum 
duration 
of 
overvoltage 


condition 
before 
tripping, 
thus 
supplying 
noise 
immunity. 


The MC3423/3523 
is essentially 
a "two 
terminal" 
system, there- 


fore it can be used with 
either positive 
or negative supplies. 


Rating 
Symbol 
Value 
Unit 


Differential 
Power 
Supply 
Voltage 
VCC-VEE 
40 
Vdc 
--=---- 
VSense 
1 
Vdc 
Sense 
Voltage 
(11 
6.5 


Sense Voltage 
(21 
VSense 
2 
6.5 
Vdc 


Remote 
Activation 
Input 
Voltage 
Vact 
7.0 
Vdc 


Output 
Current 
10 
300 
mA 


Operating 
Ambient 
Temperature 
Range 
TA 
°c 
MC3423 
a to +70 


MC3523 
-55 
to +125 


Operating 
Junction 
Temperature 
TJ 
°c 
Plastic 
Package 
125 
Ceramic 
Package 
150 


Storage Temperature 
Range 
Tstg 
435 to +150 
°c 


MC3423 
MC3523 


OVERVOLTAGE 
SENSING 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


Pl SUFFIX 


PLASTIC PACKAGE 
CASE 626-05 
(MC3423 only) 


U SUFFIX 


CERAMIC PACKAGE 
CASE 693-02 


D SUFFIX 


PLASTIC PACKAGE 


CASE 751-02 
SO-8 


ORDERING 
INFORMATION 


Device 
Temperature 
Range 
Package 


MC3423D 
50-8 


MC3423P1 
o to +70"C 
Plastic 
DIP 


MC3423U 
Ceramic 
DIP 


MC3523U 
-55to 
+ 125°C 
Ceramic 
DIP 


II 


II 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Voltage 
Range 
VCC,VEE 
4.5 
- 
40 
Vdc 


Output 
Voltage 
Vo 
VCC·2.2 
VCC·1.8 
- 
Vdc 


1I0· 
100 mAl 


Indicator 
Output 
Voltage 
VOLlIndl 
- 
0.1 
0.4 
Vdc 


lIOllnd) 
• 1.6 mAl 


Sense Trip Voltage 
VSense 
t. 
2.45 
2.6 
2.75 
Vdc 
iT A = 250CI 
VSense 
2 
Temperature 
Coefficient 
of VSense 1 
TCVS1 
0.06 
- 
%/vC 
(Figure 2) 


Remote Activation 
Input Current 
~A 
IVIH = 2.0 V, VCC-VEE 
= 5.0 VI 
IIH 
- 
5.0 
40 
IVIL· 
0.8 V. VCC-VEE = 5.0 VI 
IlL 
- 
-120 
-180 


Source Current 
ISource 
0.1 
0.2 
0.3 
mA 


Output 
Current 
Risetime 
t, 
400 
- 
mA/JIs 


iTA = 25°C) 


Propagation Delay Time 
tpd 
- 
0.5 
- 
~s 
iTA = 250Cl 


Supply Current 
10 
mA 
MC3423 
- 
6.0 
10 
MC3523 
- 
5.0 
7.0 


VEE 
Sense 2 
5 
6 
Indicator 
Remote 
Output 
Activation 


Switch 
1 


(A) 
/, 
f' 


3 


Switch 2 
4 
V, 


Vtrip 
= Vref (1+~) 
"" 2.6 V (1+~) 


R2";';; 10 kfl for minimum 
drift 


Q1· 
Vs 
~ 50 
V; 2N6504 
or equivalent 
VS" 
100 V; 2N6505 
or equivalent 
Vs ~ 200 V; 2N6506 
or equivalent 
Vs ~ 400 V; 2N6507 
or equivalent 
Vs '" 600 V; 2N650B 
or equivalent 
Vs '" BOOV; 2N6509 
or equivalent 


+110J.lF 


15 V 


To 
VS-l0 
Load 
AS= (~) 
kfl 


Vtrip 
= Vref 
(1+~) 
"""2.6 V (1+~) 


'R2" 
10 k!1 


Vcc 
VtriPJ::::-:::::\- _:::::::: 


Vc 


V,.f ~1 
n~:::: 
--~::--::- 


Va 
J 
I_td-~ 


VIOl 
=:Jt\ 


II 


• 


- -B'ASIC-c1RC·ui-rcONFIGURATION 


The basic circuit 
configuration 
of the MC3423/3523 
OVP is shown in Figure 3 for supply voltages from 4.5 V 
to 36 V, and in Figure 4 for trip voltages above 36 V. The 
threshold or trip voltage at which the MC3423/3523 will 
trigger and supply gate drive to the crowbar SCR, Q1, is 
determined by the selection of R1 and R2. Their values 
can be determined by the equation given in Figures 3 and 
4, or by the graph shown in Figure 8. The minimum value 
of 
the gate current 
limiting 
resistor, 
RG, is given in 
Figure 9. Using this value of RG, the SCR, Q1, will receive 
the greatest gate current possible without 
damaging the 
MC3423/3523. 
If lower output currents are required, RG 
can be increasedin value. The switch, S1, shown in Figure 
3 may be used to reset the SCR crowbar. Otherwise, the 
power supply, across which the SCR is connected, must 
be shut down to 
reset the crowbar. 
If a non current· 
limited 
supply 
is used, a fuse or circuit 
breaker, F1, 
should be usedto protect the SCR and/or the load. 
The circuit 
configurations 
shown in Figures 3 and 4 
will have a typical 
propogation delay of 1.0 /lS. If faster 
operation is desired, pin 3 may be connected to pin 2 with 
pin 4 left floating. This will result in decreasingthe propo- 
gation delay to approximately 
0.5 /lS at the expense of a 
slightly increasedTC for the trip voltage value. 


CONFIGURATION 
FOR PROGRAMMABLE MINIMUM 
DURATION 
OF OVERVOLTAGE 
CONDITION 
BEFORE TRIPPING 


In many instances,the MC3423/3523 OVP will be used 
in a noise environment. To prevent false tripping of the 
OVP circuit by noise which would not normally harm the 
load, MC3423/3523 hasa programmable delay feature. To 
implement this feature, the circuit configuration of Figure 
5 is used. In this configuration, 
a capacitor is connected 
from pin 3 to VEE. The value of this capacitor determines 
the minimum duration of the overvoltage condition which 
is necessaryto trip the OVP. The value of C can be found 


from 
Figure 10. 
The circuit 
operates in the following 
manner: When V CC rises above the trip point set by R1 
and R2, an internal current source (pin 4) beginschargir,g 
the capacitor, C, connected to pin 3. If the overvoltage 
condition 
disappears before this occurs, the capacitor is 
discharged at a rate", 
10 times faster than the charging 
rate, resetting the timing feature until the next overvoltage 
condition occurs. 
Occasionally, it is desired that immediate crowbarring 
of the supply occur when a high overvoltage condition 
occurs, while 
retaining 
the false tripping 
immunity 
of 
Figure 5. In this case, the circuit of Figure 6 can be used. 
The circuit 
will operate as previously described for small 
overvoltages, but 
will 
immediately 
trip 
if 
the 
power 
supply voltage exceedsVZ1 + 1.4 V. 


FIGURE 6 - CONFIGURATION 
FOR PROGRAMMABLE 
DURATION 
OF OVERVOL TAGE CONDITION 
BEFORE 
TRIP/WITH 
IMMEDIATE 
TRIP AT 
HIGH OVERVOLTAGES 


1. Activation Indication Output 


An additional output for use as an indicator of OVP 
activation is provided by the MC3423/3523. This out- 
put is an open collector 
transistor 
which 
saturates 
when the OVP is activated. In addition, it can be used 
to clock an edge triggered 
flip-flOp 
whose 
output 
inhibits 
or shuts down the power supply when the 
OVPtrips. This reduces or eliminates the heatsinking 
requirements 
for the crowbar SCR. 


2. Remote Activation Input 


Another feature of the MC3423/3523 is its remote 


activation input, pin 5. If the volage on this CMOS/TTL 
compatible 
input 
is held below 0.8 V. the MC3423/ 


3523 operates normally. 
Ho""ever. if it is raised to a 


voltage above 2.0 V. 
the OVP output 
is activated 
independent of whether or not an overvoltage con- 
dition is present. It should be noted that pin 5 has an 
internal 
pull-up current source. This feature can be 
used to accomplish an orderly 
and sequenced shut- 
down 
of 
system power 
supplies during 
a system 
fault condition. 
In addition, 
the activation indication 
output 
of one MC3423/3523 can be used to activate 
another MC3423/3523 
if a single transistor inverter is 
used to 
interface the former's 
indication 
output 
to 
the 
latter's 
remote 
activation 
input, 
as shown 
in 
Figure 7. In this circuit, the indication output 
(pin 6) 
of the MC3423 on power supply 1 is used to activate 
the MC3423 associated with 
power supply 
2. Q1 is 
any small PNPwith adequate voltage rating. 


30 


~ 20 


Rl 
10 k 
w 
z« 
t;; 
~ 10 
~ 


Note 
that 
both 
supplies 
have their 
negative 
output 
leads tied 
together 
(i.e., both 
are positive 
supplies). 
If 
their 
positive 
leads are common 
Itwo negative 
supplies) 


the 
emitter 
of 01 
would 
be moved 
to the positive 
lead 
of supply 
1 and 
R 1 would 
therefore 
have to be resized 
to deliver 
the appropriate 
drive to 01. 


CROWBAR 
SCR CONSIDERATIONS 


Referring 
to Figure 
11, it can be seen that 
the crowbar 
SCR, 
when 
activated, 
is subject 
to 
a large 
current 
surge 


from 
the 
output 
capacitance, 
Couto This capacitance 
con· 


sists 
of the 
power 
supply 
output 
caps, 
the 
load's 
decou· 


piing 
caps, 
and 
in the 
case 
of 
Figure 
11A, 
the 
supply's 
input 
filter 
caps. 
This surge current 
is illustrated 
in Figure 
12, and can cause 
SCR failure 
or degradation 
by anyone 
of three 
mechanisms: 
di/dt, 
absolute 
peak 
surge, 
or 
12t. 


The 
interrelationship 
of 
these 
failure 
methods 
and 
the 
breadth 
of the applications 
make specification 
of the SCR 
by 
the 
semiconductor 
manufacturer 
difficult 
and expen- 


sive. Therefore, 
the 
designer 
must 
empirically 
determine 


the 
SCR and circuit 
elements 
which 
result 
in reliable 
and 
effective 
OVP 
operation. 
However, 
an understanding 
of 
the 
factors 
which 
influence 
the 
SCA's 
di/dt 
and 
surge 


capabilities 
simplifies 
this task. 


As the 
gate 
region 
of the 
SCR 
is driven 
on, 
its area 
of conduction 
takes 
a finite 
amount 
of time 
to grow, 


starting 
as a very 
small 
region 
and gradually 
spreading. 


Since 
the 
anode 
current 
flows 
through 
this turned·on 
gate region, very high current densities can occur in 
the 
gate 
region 
if high 
anode 
currents 
appear 
quickly 
Idi/dt). 
This 
can 
result 
in 
immediate 
destruction 
of 
the 
SCR or gradual 
degradation 
of its forward 
blocking 
voltage 
capabilities 
- 
depending 
on the 
severity 
of the 


occasion. 
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The value of di/dt that an SCR can safely handle is 
influenced 
by its construction 
and the characteristics 
of 
the gate drive signal. A center-gate-fire 
SCR has more 
di/dt capability 
than a corner-gate-fire 
type, and heavily 
overdriving 
(3 to 5 times IGT) the SCR gate with a fast 


< 1.0 !JS rise time signal will 
maximize 
its dildt capa- 
bility. A typical maximum 
number in phase control SCRs 
of less than 50 A(RMS) rating might 
be 200 AI!JS, as- 
suming 
a gate current 
of five times IGT and < 1.0 !JS 
rise time. If having 
done this, a di/dt problem 
is seen 
to still exist, the designer can also decrease the dildt of 
the current 
waveform 
by adding 
inductance 
in series 
with 
the SCR, as shown 
in Figure 13. Of course, this 
reduces the circuit's 
ability to rapidly reduce the dc bus 
voltage and a tradeoff 
must be made between speedy 
voltage 
reduction 
and di/dt. 


2. Surge Current 
If the peak current 
and/or the duration 
of the surge 
is excessive, immediate 
destruction 
due to device over- 
heating will 
result. The surge capability 
of the SCR is 
directly proportional 
to its die area. If the surge current 
cannot be reduced (by adding series resistance - 
see 
Figure 13) to a safe level which 
is consistent 
with the 
system's 
requirements 
for speedy bus voltage 
reduc- 
tion, the designer 
must use a higher current SCR. This 
may result in the average current capability 
of the SCR 
exceeding 
the steady 
state current 
requirements 
im- 
posed by the dc power supply. 


A WORD ABOUT 
FUSING 
Before leaving the subject of the crowbar SCR, a few 
words about fuse protection 
are in order. Referring back 
to Figure 11A, it will be seen that a fuse is necessary if 
the power supply to be protected is not output current 
limited. 
This fuse is not meant to prevent SCR failure 
but rather to prevent a fire! 
In order to protect the SCR, the fuse would 
have to 
possess an 
12t rating less than that of the SCR and yet 
have a high enough continuous 
current rating to survive 
normal supply 
output 
currents. 
In addition, 
it must be 
capable of successfully 
clearing 
the high short circuit 
currents 
from the supply. Such a fuse as this is quite 
expensive, 
and may not even be available. 


The usual design compromise 
then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow 
before the thyristor 
does, and trust 
that 
if the 
SCR does fail, it will fail short circuit. 
In the majority 
of 
the designs, this will be the case, though this is difficult 
to 
guarantee. Of course, a sufficiently 
high surge will 
cause 
an open. These comments also apply to the fuse in Figure 


11B. 
For a complete 
and detailed 
treatment 
of SCR and 
fuse 
selection, 
refer 
to 
Motorola 
Application 
Note 


AN-789. 


CROWBAR 
SCR SELECTION 
GUIDE 


As an aid in selecting an SCR for 
crowbar 
use, the 
following 
selection guide is presented. 


DEVICE 
IRMS 
IFSM 
PACKAGE 


2N6400 Series 
16A 
160A 
T0220 
Plastic 


2N6504 Series 
25A 
160A 
T0220 
Plastic 


2N 1842 Series 
16A 
125A 
Metal Stud 


2N2573 Series 
25A 
260A 
Metal TO-3 Type 


2N681 Series 
25A 
200A 
Metal Stud 


MCR3935-1 Series 
35A 
350A 
Metal Stud 


MCR81-5 Series 
80A 
1000A 
Metal Stud 


•• 


~ 
MOTOROLA 


POWER 
SUPPLY 
SUPERVISORY 
IOVER-UNDER-VOLTAGE 
PROTECTION 
CIRCUIT 


The MC3425 is a power supply 
supervisory 
circuit 
containing 
all the necessary functions 
required to monitor 
over- and under- 
voltage 
fault conditions. 
These integrated 
circuits 
contain 
dedi- 
cated over- and under-voltage 
sensing 
channels 
with 
indepen- 
dently programmable 
time delays. The over-voltage 
channel has 
a high current Drive Output for use in conjunction 
with an external 
SCR "Crowbar" 
for shutdown. 
The under-voltage 
channel 
input 
comparator 
has hysteresis which is externally programmable. 
and 
an open-collector 
output, for fault indication. 


• 
Dedicated Over- And Under-Voltage 
Sensing 


• 
Programmable 
Hysteresis Of Under-Voltage 
Comparator 


• 
Internal 2.5 V Reference 


• 
300 mA Over-Voltage 
Drive Output 


• 
30 mA Under-Voltage 
Indicator 
Output 


• 
Programmable 
Time Delays 


• 
4.5 V to 40 V Operation 


POWER 
SUPPLY 
SUPERVISORY 
I 
OVER-UNDER-VOLTAGE 
PROTECTION 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
40 
Vdc 


Comparator 
Input 
Voltage 
Range 
(Note 
1I 
VIR 
-0.3 
to 
+40 
Vdc 


Drive 
Output 
Short-Circuit 
Current 
IOSIORV) 
Internally 
mA 
Limited 


Indicator 
Output 
Voltage 
VIND 
o to 40 
Vdc 


Indicator 
Output 
Sink Current 
IIND 
30 
mA 


Power 
Dissipation 
and Thermal 
Characteristics 
Maximum 
Power 
Dissipation 
@ T A = 70°C 
PD 
1000 
mW 
Thermal 
Resistance 
Junction 
to Air 
R6JA 
80 
°CIW 


Operating 
Junction 
Temperature 
TJ 
+ 150 
°c 


Operating 
Ambient 
Temperature 
Range 
TA 
o to 
+ 70 
°c 


Storage 
Temperature 
Range 
TstQ 
-55 
to 
+ 150 
°c 


Pl 
SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


DC 
Power 
Supply 


Gnd 


U.V.IND 
Output 


U.v. 
DLY 


Package 


Plastic 
DIP 


Sense 
Trip 
Voltage 
(Reference 
Voltage) 
VSense 
Vdc 


VCC 
~ 
15V 
TA 
~ 
25·C 
2.4 
2.5 
2.6 


Tlow 
to Thioh 
(Note 
2) 
2.33 
2.5 
2.63 


Line 
Regulation 
of VSense 
Regline 
- 
7.0 
15 
mV 


4.5 V '" VCC '" 40 V; TJ ~ 25·C 


Power 
Supply 
Voltage 
Operating 
Range 
VCC 
4.5 
- 
40 
Vdc 


Pc;>wer Supply 
Current 


VCC 
~ 
40 V; TA 
= 25·C; 
No Output 
Loads 
O.V. Sense 
(Pin 3) = 0 V; 
ICC(off) 
- 
8.5 
10 
mA 
UV. 
Sense 
(Pin 4) = VCC 


OV. 
Sense 
(Pin 3) = VCC; 
ICC(on) 
- 
16.5 
19 
mA 
UV. 
Sense 
(Pin 4) = 0 V 


Input 
Bias Current, 
O.V. and 
U.V. Sense 
liB 
- 
1.0 
2.0 
p.A 


Hysteresis 
Activation 
Voltage, 
U.V. Sense 
VH(act) 
V 
VCC 
~ 
15 V; TA 
~ 
25·C; 


IH = 10% 
- 
0.6 
- 
IH ~ 90% 
- 
0.8 
- 


Hysteresis 
Current, 
U.V. Sense 
IH 
9.0 
12.5 
16 
p.A 


VCC 
~ 
15 V; TA 
~ 
25·C; 
U.V. Sense 
(Pin 4) = 2.5 V 


Oelay 
Pin Voltage 
(I0L Y = 0 mAl 
V 
Low 
State 
VOLlOLY) 
- 
0.2 
0.5 
High 
State 
VOH(OLY) 
VCC-0.5 
VCC-0.15 
- 


Delay 
Pin Source 
Current 
IOLY(source) 
140 
200 
260 
p.A 


VCC = 15 V; VOL Y = 0 V 


Delay 
Pin Sink Current 
IOLY(sinkl 
1.8 
3.0 
- 
mA 
VCC 
~ 
15 V; VOLY 
= 2.5 V 


Orive 
Output 
Peak Current 
(TA ~ 
25·C) 
IORV(peak) 
200 
300 
- 
mA 


Drive 
Output 
Voltage 
VOH(DRV) 
VCC-2.5 
VCC-2.0 
- 
V 
IDRV 
= 100 mA; 
TA = 25·C 


Drive 
Output 
Leakage 
Current 
IDRV(leak) 
- 
15 
200 
nA 


VDRV 
= 0 V 


Drive 
Output 
Current 
Slew 
Rate (TA 
= 25·C) 
di/dt 
- 
2.0 
- 
Alp.s 


Drive 
OutPlJt Vec Transient 
Rejection 
IDRV(transl 
- 
1.0 
- 
mA 
VCC 
~ 0 V to 15 V at dV/dt 
= 200 V/p.s; 
(Peak) 
O.V. Sense 
(Pin 3) ~ 0 V; TA 
~ 
25·C 


Indicator 
Output 
Saturation 
Voltage 
VIND(sat) 
- 
560 
800 
mV 
IIND 
= 30 mA; 
TA 
= 25·C 


Indicator 
Output 
Leakage 
Current 
IIND(leak) 
- 
25 
200 
nA 
VOH(lNDI 
= 40 V 


Output 
Comparator 
Threshold 
Voltage 
Vth(OC) 
2.33 
2.5 
2.63 
V 
(Note 
3) 


Propagation 
Delay 
Time 


(VCC = 15 V; TA 
~ 
25·CI 
Input to Drive 
Output 
or Indicator 
Output 
tpLH(lN/OUT) 
- 
1.7 
- 
p.s 
100 mV Overdrive, 
CDLY 
= 0 p.F 


Input 
to Delay 
tPLH(IN/DLYI 
- 
700 
- 
ns 
2.5 V Overdrive 
(0 V to 5.0 V Step) 


NOTES, 
121Tlow : 
O·C 
Thigh: 
+ 70·C 


(3) The VthCOCIlimits are approximatery 
the VSense limits over the applicable temperature range. 


_ 
TA 
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-- 
I 
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VHlact). 
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FIGURE 
11 - 
OVERVOLTAGE 
PROTECTION 
AND 
UNDER 
VOLTAGE 
FAULT 
INDICATION 
WITH 
PROGRAMMABLE 
DELAY 
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FIGURE 
12 - 
OVERVOLTAGE 
PROTECTION 
OF 5.0 V 
SUPPLY 
WITH 
LINE LOSS 
DETECTOR 
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CIRCUIT DESCRIPTION 


The MC3425 is a power supply supervisory 
circuit 
containing 
all 
the 
necessary 
functions 
required 
to 
monitor 
over- and under-voltage 
fault conditions. 
The 
block diagram 
is shown below in Figure 15. The Over- 
Voltage 
(O.V.) and Under-Voltage 
(U.V.) Input Com- 
parators 
are both referenced to an internal 2.5 V reg- 
ulator. The U.V. Input Comparator 
has a feedback ac- 


tivated 
12.5 p.A current 
sink (IH) which 
is used for 
programming 
the input hysteresis 
voltage 
(VH). The 
source resistance 
feeding 
this input (RH) determines 
the amount 
of hysteresis 
voltage 
by VH = IHRH = 


12.5 x 10-6 RH. 


Separate Delay pins (OV. DLY. UV. DLY)are provided 
for each channel to independently delay the Drive and 
Indicator outputs, thus providing greater input noise im- 
munity. The two Delay pins are essentially the outputs of 
the respective input comparators, and provide a constant 
current source, IDLY(source),of typically 200 p.Awhen the 
non-inverting 
input voltage is greater than the inverting 
input level. A capacitor connected from these Delay pins 
to ground, will establish a predictable delay time (tDLY) 
for the Drive and Indicator outputs. The Delay pins are in- 
ternally connected to the non-inverting inputs of the O.V. 
and U.V. Output Comparators, which are referenced to 
the internal 2.5 V regulator. Therefore. delay time (tDLYI 


is based on the constant current source, IDLY(source), 
charging the external delay capacitor (CDLY)to 2.5 volts. 


Vref CDLY 
2.5 CDLY 
tDLY = 
= ---- 
=- 
12500 CDLY 
IDLY(source) 
200 p.A 


Figure 5 provides CDLY values for a wide range of time 
delays. The Delay pins are pulled low when the respective 
input comparator's 
non-inverting 
input is less than the 


inverting 
input. The sink current, IDLY(sink), capability 
of the Delay pins is;;' 1.8 mA and is much greater than 
the typical 200 p.A source current. thus enabling a rela- 
tively fast delay capacitor discharge time. 
The Over-Voltage 
Drive Output is a current-limited 


emitter·follower 
capable 
of sourcing 
300 
mA at a turn-on 
slew rate of 2.0 AI P.s, ideal for driving "Crowbar" 
SCR's. 


The Under-Voltage Indicator Output is an open-collector, 
NPN transistor, capable of sinking 30 mA to provide suf- 
ficient drive for LED's, small relays or shut-down circuitry. 
These current capabilities apply to both channels operat- 
ing simultaneously, 
providing device power dissipation 
limits are not exceeded. 


The MC3425 has an internal 2.5 V bandgap reference 
regulator 
with an accuracy of ±4.0% for the basic de- 
vices and ± 1.0% for the A-suffix 
device types at 25°C. 


The reference has a typical temperature 
coefficient 
of 
30 ppm/oC for A-suffix 
devices. 


5 
2 


U.V. 
a.v. 


DLY 
DLY 


Vcc 


8 


II 


Referring to Figure 16, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output ca pacita nee, Couto This capacita nee 
consists of the power supply output capacitors, the load's 
decoupling capacitors, and in the case of Figure 16A. the 
supply's input filter capacitors. This surge current is illus- 
trated in Figure 17, and can cause SCRfailure or degra- 
dation by anyone of three mechanisms: di/dt, 
absolute 
peak surge, or 121. The interrelationship 
of these failure 
methods and the breadth of the applications make speci- 
fication of the SCR by the semiconductor manufacturer 
difficult 
and expensive. Therefore, the designer must 
empirically 
determine 
the SCR and circuit 
elements 
which 
result 
in reliable 
and effective 
OVP operation. 


However, an understanding of the factors which influence 
the SCR'sdi/dt 
and surge capabilities simplifies this task. 


gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 
(di/dt). 
This can result in immediate destruction 
of 
the SCRor gradual degradation of its forward blocking 
voltage capabilities - 
depending on the severity of the 


occasion. 


The value of di/dt that an SCRcan safely handle is 
influenced by its construction and the characteristics 
of the gate drive signal. A center-gate-fire 
SCR has 
more di/dt 
capability than a corner-gate-fire type, and 
heavily overdriving (3 to 5 times IGT) the SCR gate 
with a fast <1.0 /'s rise time signal will maximize its 
di/dt capability. A typical maximum number in phase 
control SCRsof less than 50 A(RMS) rating might be 
200 A//,s, 
assuming a gate current of five times IGT 
and< 1.0 /'s rise time. If having done this, adi/dt 
prob- 
lem is seen to still exist, the designer can also decrease 
the di/dt 
of the current waveform by adding induc- 
tance in series with the SCR, as shown in Figure 18. 
Of course, this reduces the circuit's ability to rapidly 
reduce the de bus voltage and a tradeoff must be made 
between speedy voltage reduction and di/dt. 


'. di/dt 
As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
starting as avery small region and gradually spreading. 
Since the anode current flows through this turned-on 


2. Surge Current 


If the peak current and/or the duration of the surge 
is excessive. 
immediate 
destruction 
due to device 
overheating will result. The surge capability of the SCR 
is directly 
proportional 
to its die area. If the surge 
current cannot be reduced (byadding series resistance 
- 
see Figure 18) to a safe level which is consistent 
with the system's requirements for speedy bus voltage 
reduction, the designer must use a higher current SCR. 
This may result in the average current capability of the 
SCRexceeding the steady state current requirements 
imposed by the dc power supply. 


Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Referring'back to 
Figure 16A, it will be seen that a fuse is necessary if the 
power supply to be protected is not output current limited. 
This fuse is not meant to prevent SCRfailure but rather 
to prevent a firel 


In order to protect the SCR, the fuse would have to 
possess an 12t rating less than that of the SCR and yet 
have a high enough continuous current rating to survive 
normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 


expensive, 
and 
may not even 
be available. 


The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow before the thyristor 
does, and trust that if the 
SCR does fail, it will fail short circuit. In the majority of 
the designs, this will be the case, though this is difficult to 
guarantee. Of course, a sufficiently high surge will cause 
an open. These comments also apply to the fuse in Figure 
16B 


As an aid in selecting an SCR for crowbar use, the 
following selection guide is presented. 


DEVICE 
'RMS 
'FSM 
PACKAGE 


MCR67 Series 
12A 
100A 
Metal Stud 
MCR68 Series 
12A 
100A 
TO,220 Plastic 
2N1842 Series 
16A 
125A 
Metal Stud 
2N6400 Series 
16A 
160A 
TO-220 Plastic 
2N6504 Series 
25A 
160A 
TO-220 Plastic 
2N681 Series 
25A 
200 A 
Metal Stud 
2N2573 Series 
25A 
260A 
TO,3 Metal Can 
MCR69 Series 
25A 
300 A 
TO-220 Plastic 
MCR70 Series 
35A 
350A 
Metal Stud 
MCR71 Series 
55A 
550A 
Metal Stud 


II 


These 
voltage 
regulators 
are 
monolithic 
Integrated 
circuits 
de- 


signed 
as fIxed-voltage 
regulators 
for a wide 
variety 
of applicatIOns 


Including 
local, on-card 
regulation. 
These regulators 
employ 
Internal 


current 
limIting, 
thermal 
shutdown, 
and safe-area 
compensation 


With 
adequate 
heatsinklng 
they can deliver 
output 
currents 
in excess 


of 10 
ampere. 
Althoug~ 
designed 
primarily 
as a fixed 
voltage 
regu- 


lator, 
these 
devIces 
can be used with 
external 
components 
to obtain 


adjustable 
voltages 
and currents 


• 
Output 
Current 
In Excess 
of 1 0 Ampere 


• 
No External 
Components 
ReqUired 


• 
Internal 
Thermal 
Overload 
Protection 


• 
Internal 
Short-Circuit 
Current 
Limiting 


• 
Output 
TransIstor 
Safe-Area 
Compensation 


• 
Output 
Voltage 
Offererl 
In 2°/0 and 4°/0 Tolerance 


Output 
Voltage 
Tested 
Operating 
Device 
Tolerance 
Junction 
Temp. 
Range 
Package 


MC78XXK 
4% 
-55 
to + 150°C 
Metal 
MC78XXAK· 
2% 
Power 


MC78XXCK 
4% 
o to + 125°C 


MC78XXACK· 
2% 


MC78XXCT 
4% 
Plastic 
MC78XXACT 
2% 
Power 


MC78XXBT 
4% 
-40to 
+ 125°C 


THREE-TERMINAL 
POSITIVE 
FIXED 
VOLTAGE 
REGULATORS 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 


K SUFFIX 


METAL 
PACKAGE 
CASE '-03 


T SUFFIX 
PLASTIC 
PACKAGE 


CASE 
221A-04 


PIN 1. INPUT 
2. GROUND 
3. OUTPUT 


(HeatslOk 


surface 
connected 
to Pin 2.) 


::::'T1 "OJ"' r-r::""' 


o 33"Ft~ 
· __ ± 
3_~C 


A 
common 
ground 
IS 
required 
between 
the 


Input 
and 
the 
output 
voltages 
The 
Input 
volt· 


age must 
remain 
typlcallv 
20 
V above 
the out· 


put 
voltage 
even 
dUring 
the 
low 
pOInt 
on 
the 


Input 
ripple 
voltage 


XX 
= these 
two 
digits 
of 
the 
type 
number 
Indl" 


cate 
voltage 
. 


• 
= Cln 
IS required 
If 
regulator 
IS located 
an 
appreciable 
distance 
from 
power 
supply 
filter 
. 


•• 
= Co 
IS not 
needed 
for 
stabilIty; 
however, 
It does 
Improve 
transient 
response. 


xx 
In(jlcates 
nomonal 
voltage 


TYPE NO.NOLTAGE 


MC7805 
5.0 Volts 
I 


MC7812 
12 Volts 
MC7806 
6.0 Volts 
MC7815 
15 Volts 
MC7808 
8.0 Volts 
MC7818 
18 Volts 
MC7809 
9.0 Volts 
MC7824 
24 Volts 


Rating 
Symbol 
Value 
Unit 


Input Voltage (5.0 V - 
18 V) 
Vin 
35 
Vdc 
(24 VI 
40 


Power 
Dissipation 
and Thermal 
Characteristics 
Plastic Package 
TA = +25'C 
Po 
Internally 
Limited 
Watts 
Derate above TA = + 25'C 
1/8JA 
15.4 
mWI'C 


Thermal 
Resistance, 
Junction 
to Air 
8JA 
65 
'CIW 


TC ~ +25'C 
Po 
Internally 
Limited 
Watts 
Derate above TC = + 75'C (See Figure 1) 
1/8JC 
200 
mWI'C 


Thermal 
Resistance, 
Junction 
to Case 
8JC 
5.0 
'CIW 


Metal Package 
TA ~ +25'C 
Po 
Internally 
Limited 
Watts 
Derate above TA = + 25'C 
1I8JA 
22.5 
mWI'C 


Thermal 
Resistance, 
Junction 
to Air 
8JA 
45 
'CIW 


TC = +25'C 
Po 
Internally 
Limited 
Watts 
Derate above TC = + 65'C ISee Figure 2) 
1I8JC 
182 
mWI'C 


Thermal 
Resistance, 
Junction 
to Case 
8JC 
5.5 
'CIW 


Storage 
Junction 
Temperature 
Range 
Tsto 
-65to 
+150 
'c 


Operating 
Junction 
Temperature 
Range 
TJ 
'c 
MC7800,A 
-55to 
+150 
MC7800C,AC 
o to +150 
MC7800B 
-40 
to +150 


Line 
Regulation 
The 
change 
In output 
voltage 
for 
a change 
In 


the 
Input 
voltage 
The 
measurement 
IS made 
under 
conditions 
of 


low 
dissipation 
or by uSing 
pulse 
techniques 
such 
that 
the 
aver 


age 
chIp 
temperature 
IS not 
sIgnificantly 
affected 


QUiescent 
Current 
That 
pan 
of the 
Input 
current 
that 
IS not 


delivered 
to the 
load 


Output 
No!se 
Voltage 
The 
rms 
ac voltage 
at the 
output 
with 


constant 
load 
and 
no Input 
ripple. 
measured 
over 
a specdlen 
fre- 


quency 
range 


Long 
Term 
Stability 
- 
Outpul 
voltage 
stablllly 
urtder 
accelerated 


life 
lest 
COi1dltlons 
wl1h 
the 
maximum 
raled 
voltage 
listed 
In 


the 
devices 
eleclrlcal 
cl"'>aracterlstlcs 
and 
maxImum 
power 


diSSIpatIOn 


II 


II 


in ::: 
. a" 
J" 
low 
hi 
h 
0 
un. 
0 
.rwlse no e 


Characteristic 
Symbol 
MC7806 
MC78068 
MC7806C 
Unit 
Min 
Typ 
M •• 
Min 
Typ 
M •• 
Min 
Typ 
M •• 


Output Voltage (TJ::: +25°q 
Va 
4.8 
50 
52 
48 
5.0 
5.2 
4.8 
50 
52 
Vd<: 


Output 
VOltage 
Va 
Vd<: 


(50mA~ 
IO~ 
1.OA. 
Po::;;;; 
15Wj 


7.0 Vdc::;;;; Vm::;;;; 20 Vdc 
- 
- 
- 
- 
- 
- 
4.75 
50 
525 


8.0 
Vdc::;;;; Vm::;;;; 20 Vdc 
465 
5.0 
5.35 
475 
5.0 
5.25 
- 
- 
- 


line 
Regulation 
ITJ::: +25°C, 
Note 
2) 
Regline 
mV 


7.0 
Vdc::;;;; V1n ~ 
25 Vdc 
- 
20 
50 
- 
7.0 
100 
- 
70 
100 


80Vdc:::;: 
Vm:::;: 12 Vdc 
- 
10 
25 
- 
20 
50 
- 
2.0 
50 


Load Regulation 
(TJ::: +25°C, 
Note 
2) 
Regload 
mV 


50mA::;;;;IO::;;;;15A 
- 
25 
100 
- 
40 
100 
- 
40 
100 


250 mA :s:;:10 ~ 750 mA 
- 
80 
25 
- 
15 
50 
- 
15 
50 


QUiescent 
CurrentlTJ::: 
+25°CI 
IB 
- 
32 
60 
- 
43 
80 
- 
43 
80 
mA 


QUiescent 
Current 
Change 
~IB 
mA 


7 OVdc~ 
Vm 
~ 
25 
Vdc 
- 
- 
- 
- 
- 
- 
- 
- 
1 3 
8 OVdc~ 
Vm!i;; 25 Vdc 
- 
03 
08 
- 
- 
1 3 
- 
- 
- 


SOmA 
~ 10 ~ lOA 
- 
004 
05 
- 
- 
05 
- 
- 
05 


RIpple Rejection 
AA 
68 
75 
- 
- 
68 
- 
- 
68 
- 
dB 


80 
Vdc'", 
Vm '::::::18 Vdc. 
f ::: , 20 Hz 


Dropout 
Voltage 
(10::: lOA. 
TJ::: ·25°CI 
V," - Vo 
- 
20 
25 
- 
20 
- 
- 
20 
- 
Vde 


Output 
NOIse Voltage ITA::: +25)CI 
Vn 
- 
10 
40 
- 
10 
- 
- 
10 
- 
"VI 


10Hz'.." 
f~ 
100kHz 
Va 
-- 


Output 
Resistance 
f ::: 10kHz 
'0 
- 
17 
- 
- 
17 
- 
- 
17 
- 
mil 
- 
Sharl,Clrcull 
Currentltmtl 
(TA::: +25°C) 


'se 
- 
02 
1 2 
- 
02 
- 
- 
02 
- 
A 


V1n::: 35 
Vdc 
-.- 


Peak Output 
Current 
(TJ" 
·25°C) 
Imal'. 
1 3 
25 
33 
- 
22 
- 
- 
22 
- 
A 


Ave' age Temperature 
Coeff,c,ent 
of 
leVa 
- 
,06 
- 
- 
-11 
- 
- 
-11 
- 
mVI 


Output 
Voltage 
'e 


on 
J - 
low 
hloh 


Characteristics 
Symbol 
MC7805A 
MC7805AC 
Unit 
Min 
Typ 
Max 
Min 
Tvp 
Max 


Output 
Voltage 
ITJ" 
·25°CI 
Va 
49 
50 
5 1 
49 
50 
5 I 
Vde 


Output 
Vo!!age 
Va 
Vde 


150 
mA·", 
10 ~ 
lOA. 
PO"" 
15 WI 
48 
50 
5 2 
4B 
50 
52 


7 5 Vdc ~ Vtn ~ 20 Vdc 


Line 
RegulatIon 
(Note 
21 
Regltne 
mV 


75 
Vdc ~ Vln"; 
25 Vdc 
10" 
500 
mA 
- 
20 
10 
- 
70 
50 


80Vdc'';V,n~ 
12Vdc 
- 
30 
10 
- 
10 
50 


80 
Vdc"; 
Vtn ~ 
12 Vdc, TJ = ·25°C 
- 
10 
40 
- 
20 
25 


73 
Vdc ~ Vtn"; 
20 Vdc. TJ" 
·25°C 
- 
20 
10 
- 
70 
50 


Load RegulatIOn 
(Note 
21 
Regload 
mV 


50mA~ 
10~ 
1 5 A. TJ= 
·25°C 
- 
20 
25 
- 
25 
100 


5 0 mA ~ 10 ~ 
lOA 
- 
20 
25 
- 
25 
100 


250mA~ 
10~ 
750mA. 
TJ" 
+25°C 
- 
10 
15 
- 
- 
- 


250 
mA~ 
10'lO; 750 
mA 
- 
10 
25 
- 
80 
50 


QUIescent 
Current 
'B 
- 
- 
50 
- 
- 
60 
mA 


TJ" 
+25°C 
- 
32 
40 
- 
43 
60 


QUIescent 
Current 
Change 
~IB 
mA 
80 
Vdc s.; V1n s.; 25 Vdc. 10 = 500 
mA 
- 
03 
05 
- 
- 
08 
75 
Vdc s.; Vtn s.; 20 Vdc. TJ = ·25°C 
- 
02 
05 
- 
- 
08 


50mA'lO; 
10'lO; 1 OA 
- 
004 
02 
- 
- 
05 


Ripple 
RejectIon 
AA 
dB 
80 
Vdc 'lO;Vtn ~ 
18 Vdc. 
f = 120 
Hz. 


TJ = +25°C 
68 
75 
- 
- 
- 
- 


80Vdc~Vln'lO; 
18Vdc,f= 
120Hz. 


10 = 500 
mA 
68 
75 
- 
- 
68 
- 


Dropout 
Voltage 
(10 = 1.0 A, TJ = +25°CI 
Vm-VO 
- 
20 
25 
- 
20 
- 
Vde 


Output 
Noise 
Voltage 
(TA = +25°C) 
Vn 
- 
10 
40 
- 
10 
- 
/-,V/VO 


10 Hz~ 
f'lO; 100 
kHz 


Output 
ReSIstance 
If = 1.0 kHz) 
'0 
- 
2.0 
- 
- 
17 
- 
mil 


Short,ClrCUlt 
Current 
Limit 
(TA = +25°C) 


'se 
- 
02 
1 2 
- 
0.2 
- 
A 
Vtn = 35 Vdc 


Peak Output 
Current 
(TJ = +25°CI 
tmax 
1.3 
2.5 
33 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVa 
- 
±0.6 
- 
- 
-1.1 
- 
mV/oC 


NOTES 
1 
Tlow 
= ··55°C 
for MC78XX. 
A 


= 0° for 
MC78XXC. 
AC 


= _40°C 
for MC78XXB 


2. 
Load and line 
regulation 
are speCIfied 
at constant 
junction 
temperature. 
Changes 
In Vo due to heatIng 
effects 
must 
be taken 
mto account 


separately. 
Pulse 
testing 
with 
low duty 
cycle 
IS used. 


in = 
0= 
J 
= 
low 
hlOh 


MC7806 
MC7806B 
MC7806C 
Characteristic 
Symbol 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


Output 
Voltage nJ = 
+ 25°CI 
Vo 
5.75 
6.0 
6.25 
5.75 
6.0 
6.25 
5.75 
6.0 
6.25 
Vdc 


Output 
Voltage 
Vo 
Vdc 


15.0 mA " 
10 " 
1.0 A, Po 
" 
15 WI 


8.0 Vdc 
'!SO Vin 
'!SO 21 Vdc 
- 
- 
- 
- 
- 
- 
5.7 
6.0 
6.3 


9.0 Vdc 
'!SO Vin 
'!SO 21 Vdc 
5.65 
6.0 
6.35 
5.7 
6.0 
6.3 
- 
- 
- 


Line Regulation 
(TJ = 
+ 25°C, Note 2) 
Regline 
mV 


8.0 Vdc 
'!SO Vin os;25 Vdc 
- 
3.0 
60 
- 
9.0 
120 
- 
9.0 
120 


9.0 Vdc 
'!SO Vin os;13 Vdc 
- 
2.0 
30 
- 
3.0 
60 
- 
3.0 
60 


load 
Regulation 
(TJ = 
+ 25°C, Note 2) 
Regload 
mV 


5.0 mA 
'!SO 10 
'!SO 1.5 A 
- 
27 
100 
- 
43 
120 
- 
43 
120 
250 mA =s;10 
'!SO 750 mA 
- 
9.0 
30 
- 
16 
60 
- 
16 
60 


Quiescent 
Current 
(TJ = 
+ 25°CI 
1B 
- 
3.2 
6.0 
- 
4.3 
8.0 
- 
4.3 
8.0 
mA 


Quiescent 
Current Change 
:'IB 
mA 


8.0 Vdc 
'!SO Vin 
'!SO 25 Vdc 
- 
- 
- 
- 
- 
- 
- 
- 
1.3 


9.0 Vdc 
'!SO Vin 
'!SO 25 Vdc 
- 
0.3 
0.8 
- 
- 
1.3 
- 
- 
- 


5.0 mA 
'!SO 10 
'!SO 1.0 A 
- 
0.04 
0.5 
- 
- 
0.5 
- 
- 
0.5 


Ripple Rejection 
RR 
65 
73 
- 
- 
65 
- 
- 
65 
- 
dB 
9.0 Vdc 
'!SO Vin 
'!SO 19 Vdc, f 
=:- 
120 Hz 


Dropout 
Voltage 
(10 = 1.0 A, TJ = 
+ 25°CI 
Vin-VO 
- 
2.0 
2.5 
- 
2.0 
- 
- 
2.0 
- 
Vdc 


Output 
Noise Voltage 
(TA = 
+ 25°CI 
Vn 
- 
10 
40 
- 
10 
- 
- 
10 
- 
"VI 


10 Hz:os;f 
'!SO 100 kHz 
Vo 


Output 
Resistance f = 1.0 kHz 
'0 
- 
17 
- 
- 
17 
- 
- 
17 
- 
mO 


Short·Circuit 
Current 
limit 
(TA = 
+ 25°CI 
Isc 
- 
0.2 
1.2 
- 
0.2 
- 
- 
0.2 
- 
A 


Vin = 35 Vdc 


Peak Output 
Current 
(TJ = 
+ 25°CI 
Imax 
1.3 
2.5 
3.3 
- 
2.2 
- 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
of 
TCVO 
- 
,0.7 
- 
- 
-0.8 
- 
- 
-0.8 
- 
mVI 


Output 
Voltage 
°c 


in = 
,0= 
J 
= 
low 
hiQh 


MC7B06AC 
Ch.recteristies 
Symbol 
Unit 
Min 
Typ 
Max 


Output 
Voltage 
ITJ = 
+ 25°CI 
Vo 
588 
6.0 
6.12 
Vdc 


Output 
Voltage 
Vo 
Vdc 


(5.0 mA " 10 " 
1.0 A, Po 
" 
15 WI 
5.76 
6.0 
6.24 
8.6 Vdc 
'!SO Vin :os;21 Vdc 


Line Regulation 
(Note 2) 
Regline 
mV 
8.6 Vdc 
'!SO Vin 
t!i>. 25 Vdc, 10 = 500 mA 
- 
9.0 
60 


9.0 Vdc 
t!i>. Vin 
t!i>. 13 Vdc 
- 
11 
60 


9.0 Vdc :os;Vin 
'!SO 13 Vdc, TJ = 
+ 25°C 
- 
3.0 
30 
8.3 Vdc 
'l!ii Vin :os;21 Vdc, TJ = 
+ 25°C 
- 
9.0 
60 


load 
Regulation 
(Note 2) 
Regload 
mV 


5.0 mA 
'!SO 10 
'!SO 1.5 A, TJ = 
+ 25°C 
- 
43 
100 


5.0 mA :os;10 :os;1.0 A 
- 
43 
100 
250 mA :os;10 :os,;750 mA, TJ = 
+ 25°C 
- 
- 
- 


250 mA '" '0 :os;750 mA 
- 
16 
50 


Quiescent 
Current 
IB 
- 
- 
6.0 
mA 


TJ 
= 
+ 25°C 
- 
4.3 
6.0 


Quiescent 
Current 
Change 
~IB 
mA 


9.0 Vdc 
'l!ii Vin os25 Vdc, 10 = 500 mA 
- 
- 
0.8 
8.6 Vdc os;:Vin:OS;:21 Vdc, TJ = 
+ 25°C 
- 
- 
0.8 
5.0 mA os;:10 '" 1.0 A 
- 
- 
0.5 


Ripple Rejection 
RR 
dB 
9.0 Vdc '" Vin :os,;19 Vdc, f = 120 Hz, TJ = 
+ 25°C 
- 
- 
- 
9.0 Vdc :os;Vin :os;:19 Vdc, f = 120 Hz, 10 = 500 mA 
- 
65 
- 


Dropout 
Voltage 
110 = 1.0 A, TJ = 
+ 25°CI 
Vin-VO 
- 
2.0 
- 
Vdc 


Output 
Noise Voltage 
(TA = 
+ 25°C) 
Vn 
- 
10 
- 
"VNO 


10 Hz :os;f " 
100 kHz 


Output 
Resistance 
(f = 1.0 kHz) 
'0 
- 
17 
- 
mO 


Short-Circuit 
Current 
limit 
(TA = 
+ 25°CI 
1st 
- 
0.2 
- 
A 
Vin = 35 Vdc 


Peak Output 
Current 
(TJ = 
+ 25°CI 
Imax 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
-0.8 
- 
mvrc 


NOTES: 
1. Tlow 
: 
-55-C 
for MC78XX 


= 0" for MC78XXC, 
AC 


:c 
- 4O"C 
for MC78XXB 
2. load 
and line regulation 
are specified 
at constant 
junction 
temperature. 
Changes 
in Vo due to heating 
effects 
must 
be taken into account 


separately. 
Pulse testing 
with 
low duty cycle 
is used. 


11 


II 


...... -- . 
.. 
•r 
..._ .. 
.r 
...__ . 


Output 
Voltage 
(TJ = + 25"CI 
Vo 
7.7 
8.0 
8.3 
7.7 
8.0 
8.3 
7.7 
8.0 
8.3 
Vdc 


Output 
Voltage 
Vo 
Vdc 


(5.0 mA " 10 " 
1.0 A, Po 
" 
15 WI 


10.5 
Vdc 
lSO; Vin 
:s: 23 
Vdc 
- 
- 
- 
- 
- 
- 
7.6 
8.0 
8.4 


11.5 
Vdc 
"" Vin 
~ 
23 
Vdc 
7.6 
8.0 
8.4 
7.6 
8.0 
8.4 
- 
- 
- 


Line 
Regulation 
(T J = + 25"C, Note 21 
Regline 
mV 


10.5 
Vdc 
:s; Vin 
:s 25 
Vdc 
- 
3.0 
80 
- 
12 
160 
- 
12 
160 


11 Vdc:s; 
Vin 
os: 17 Vdc 
- 
2.0 
40 
- 
5.0 
80 
- 
5.0 
80 


load 
Regulation 
(TJ = 
+ 25"C. Note 
21 
Aegload 
mV 


5.0 mA '" 10 " 
1.5 A 
- 
28 
100 
- 
45 
160 
- 
45 
160 


250 mA '" 10 '" 750 mA 
- 
9.0 
40 
- 
16 
80 
- 
16 
80 


Quiescent 
Current 
(T J = 
+ 25"CI 
IB 
- 
3.2 
6.0 
- 
4.3 
8.0 
- 
4.3 
8.0 
mA 


Quiescent 
Current 
Change 
~IB 
mA 


10.5 
Vdc 
>lO: Vin 
05i: 
25 Vdc 
- 
- 
- 
- 
- 
- 
- 
- 
1.0 


11.5 
Vdc 
~ 
Vin 
:s: 25 
Vdc 
- 
0.3 
0.8 
- 
- 
1.0 
- 
- 
- 


5.0 
mA 
"" 10 
'!iO 
1.0 
A 
- 
0.04 
0.5 
- 
- 
0.5 
- 
- 
0.5 


Ripple 
Rejection 
RR 
62 
70 
- 
- 
62 
- 
- 
62 
- 
dB 


11.5 
Vdc 
os;Vin 
"" 21.5 
Vdc, 
f = 
120 
Hz 


Dropout 
Voltage 
(10 
= 
1.0 A, T J = 
+2S"CI 
Vin-VO 
- 
2.0 
2.5 
- 
2.0 
- 
- 
2.0 
- 
Vdc 


Output 
Noise 
Voltage 
(TA 
= 
+ 25"CI 
Vn 
- 
10 
40 
- 
10 
- 
- 
10 
- 
"VI 


10 Hz 
:s; f :is: 100 
kHz 
Vo 


Output 
Resistance 
f = 
1.0 
kHz 
'0 
- 
18 
- 
- 
18 
- 
- 
18 
- 
mfi 


Short·Circuit 
Current 
Limit 
ITA 
= 
+ 25"CI 
Isc 
- 
0.2 
1.2 
- 
0.2 
- 
- 
0.2 
- 
A 


Vin 
= 35 
Vdc 


Peak 
Output 
Current 
(T J = 
+ 25"CI 
Imax 
1.3 
2.5 
3.3 
- 
2.2 
- 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
of 
TCVO 
- 
~ 1.0 
- 
- 
0.8 
- 
- 
0.8 
- 
mVI 


Output 
Voltage 
'C 


in 
= 
·0= 
J = 
low 
0 
hiah 
oe 
un ass 
0 
erwlse 
no 
e 


MC7808AC 
Ch.r.cteristics 
Symbol 
Unit 
Min 
Typ 
M •• 


Output 
Voltage 
IT J = 
+2S"CI 
Vo 
7.84 
8.0 
8.16 
Vdc 


Output 
Voltage 
Vo 
Vdc 
15.0 mA" 
10" 
1.0 A. PO" 
15 WI 
7.7 
8.0 
8.3 


10.6 
Vdc 
'!ii 
Vin 
'!ii 
23 Vdc 


line 
Regulation 
(Note 
2) 
Regline 
mV 


10.6 
Vdc 
'!ii 
Vin 
~ 
25 
Vdc, 
10 = 
500 
mA 
- 
12 
80 


11 Vdc 
'!St Vin 
'!St 
17 Vdc 
- 
15 
80 


11 Vdc 
'!St Vin:!!>: 17 Vdc, 
TJ 
= 
+ 25"C 
- 
5.0 
·40 


10.4 
Vdc 
'!ii 
Vin 
~ 
23 
Vdc, 
T J = 
+ 25'C 
- 
12 
80 


load 
Regulation 
(Note 
2) 
Regload 
mV 
5.0 mA " 10 '" 1.5 A. TJ = + 25"C 
- 
45 
100 


5.0 
mA 
'!St 
10 
'!St 
1.0 A 
- 
45 
100 


250 mA '" 10 '" 750 mA. TJ 
= + 25"C 
- 
- 
- 


250 
mA 
'!St 
10 
:!i;; 750 
mA 
- 
16 
50 


Quiescent 
Current 
IB 
- 
- 
6.0 
mA, 


TJ = 
+ 25"C 
- 
4.3 
6.0 


Quiescent 
Current 
Change 
~IB 
mA 


11 Vdc 
os; Vin 
~ 
25 
Vdc, 
10 = 
500 
mA 
- 
- 
0.8 


10.6 
Vdc 
::!'ilVin 
'!St 23 
Vdc, 
T J = 
+ 25"C 
- 
- 
O.B 
5.0 
mA 
:s;:10 
.s:; 
1.0 
A 
- 
- 
0.5 


Ripple 
Rejection 
RR 
dB 
11.5 
Vdc:s;: 
Vin 
~ 
21.5 
Vdc, 
f = 
120 
Hz, 
TJ 
= 
+ 25"C 
- 
- 
- 


11.5 
Vdc 
~ 
Vin 
~ 
21.5 
Vdc, 1 = 
120 
Hz, 
10 = 
500 
mA 
- 
62 
- 


Dropout 
Voltage 
(10 = 
1.0 
A, T J = 
+2S"C) 
Vin-VQ 
- 
2.0 
- 
Vdc 


Output 
Noise 
Voltage 
(TA 
= 
+ 25"C) 
Yn 
- 
10 
- 
"YNO· 


10 Hz 
:!!>: f 
'!St 
100 
kHz 


Output 
Resistance 
(1 = 
1.0 
kHz) 
'0 
- 
18 
- 
mfi 


Short-Circuit 
Current 
limit 
(TA 
= 
+ 25'CI 
Isc 
- 
0.2 
- 
A 


Vin 
= 35 
Vdc 


Peak 
Output 
Current 
(TJ 
= 
+ 25"CI 
Imax 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
01 Output 
Voltage 
TCVO 
- 
0.8 
- 
mVI"C 


NOTES: 
1. Tlow 
= 
-SS'"C for MC78XX 
ThIgh'" 
+ 150"<: 
for MC78XX 


::: 0" lor MC78XXC, 
AC 
'" 
+ 12'S"C tor MC78XXC, 
AC, B 


"'" - 4O'"Cfor MC78XXB 


2. load 
and line regulation 
are specified 
at constant 
junction 
temperature. 
Changes 
in Va due to heating 
effects 
must be taken 
into account 


separately. 
Pulse testing 
with 
low duty cycle is used. 


MC7809CT 
ELECTRICAL 
CHARACTERISTICS 
(Vin 
~ 
15 V, 10 = 500 mA, 
TJ = O°C to + 125°C unless 
otherwise 
noted). 


MC7809CT 
Chafleteristie 
Symbol 
Unit 
Min 
Typ 
Max 


Output 
Voltage 
(TJ = + 25°CI 
Vo 
8.65 
9.0 
9.35 
Vdc 


Output 
Voltage 
Vo 
8.55 
9.0 
9.45 
Vdc 


(5.0 mA" 
10 " 
1.0 A, Po 
" 
15 WI 


11.5 Vdc" 
Vin 
" 
24 Vdc 


Line 
Regulation 
(TJ = + 25°C, Note 
1) 
Regline 
mV 


11.5 Vdc" 
Vin" 
26 Vdc 
- 
12 
50 


11.5 Vdc" 
Vin 
" 
17 Vdc 
- 
5.0 
25 


Load 
Regulation 
(TJ ~ + 25°C, Note 
1) 
Regload 
mV 


5.0 mA 
" 
10 " 
1.5 A 
- 
35 
50 


250 mA 
" 
10 " 
750 mA 
- 
12 
25 


Quiescent 
Current 
(TJ 
= + 25°CI 
IB 
- 
4.3 
8.0 
mA 


Quiescent 
Current 
Change 
~IB 
mA 


11.5 Vdc" 
Vin" 
26 Vdc 
- 
- 
1.0 
5.0 mA" 
10" 
1.0A 
- 
- 
0.5 


Ripple 
Rejection 
RR 
- 
61 
- 
dB 
11.5 Vdc" 
Vin" 
21.5 Vdc, 
f ~ 
120 Hz 


Dropout 
Voltage 
(10 
~ 
1.0 A, TJ ~ + 25°C) 
Vin - Vo 
- 
2.0 
- 
Vdc 


Output 
Noise 
Voltage 
ITA 
= + 25°C) 
Vn 
- 
10 
- 
p.VNO 


10 Hz " 
f " 
100 kHz 


Output 
Resistance 
f ~ 
1.0 kHz 
ro 
- 
18 
- 
mfi 


Short-Circuit 
Current 
Limit 
ITA 
= + 25°CI 
Ise 
- 
0.2 
- 
A 
Vin 
= 35 Vde 


Peak Output 
Current 
ITJ = + 25°C) 
lmax 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
-1.0 
- 
mvrc 


on 
·0" 
m 
J" 
low 0 
htQh 
oe 
un ess 
0 
erwi 
e no e 


Characteristic 
Symbol 
MC7812 
MC78128 
MC7812C 
Unit 
Min 
Typ 
M •• 
Min 
Typ 
M •• 
Min 
Typ 
M •• 


Output 
Voltage 
{TJ::: 
+25oq 
Vo 
11.5 
12 
125 
115 
12 
125 
115 
12 
125 
Vdc 


OutPUI Voltage 
Vo 
Vdc 
(50 
mA ~ 10 ~ lOA. 
Po -:;;:15 Wl 


145 
Vdc ~ Vtn ~ 27 Vdc 
- 
- 
- 
- 
- 
- 
114 
12 
126 


15 5 Vdc~ 
VIO 
-.::;;27 Vdc 
114 
12 
126 
114 
12 
126 
- 
- 
- 


line 
Regulation 
(TJ:; 
+25°(. 
Note 
2) 
Ae9llne 
mV 


'45 
Vdc ~ Vm -::.;;30 Vdc 
- 
50 
120 
- 
13 
240 
- 
13 
240 


16 Vdc~ 
Vln~ 
22 Vdc 
~ 
30 
60 
- 
60 
120 
- 
60 
120 


load 
Regulation 
(TJ:: +25°C, Note 2) 
Regload 
mV 


SOmA 
~ 10 ~ 
1 5 A 
~ 
30 
120 
- 
46 
240 
- 
46 
240 


250mA~ 
IO~ 
750mA 
- 
10 
60 
- 
17 
120 
- 
17 
120 


QUIescent 
Current 
ITJ:: +25°Cl 
'B 
- 
34 
60 
- 
44 
BO 
- 
44 
BO 
mA 


QUiescent 
Current 
Change 
~IB 
mA 


145Vdc~Vln~30Vdc 
- 
- 
- 
- 
- 
- 
- 
- 
10 


, 5 Vdc ~ Vin ~ 30 Vdc 
- 
03 
OB 
- 
- 
10 
- 
- 
- 


SOmA 
~ 10 ~ lOA 
- 
004 
05 
- 
- 
05 
- 
- 
05 


Ripple 
Rejection 
RR 
61 
6B 
- 
~ 
60 
- 
- 
60 
~ 
dB 
, 5 Vdc -s;;Vtn ~ 25 Vdc. f:: 120 Hz 


Dropoul Voltage (10:: lOA, 
TJ:; +25°C) 
V1n - Vo 
- 
20 
25 
- 
20 
~ 
- 
20 
- 
Vdc 


Output 
NOIse Voltage 
(TA:: 
·25°C) 
Vn 
- 
10 
40 
- 
10 
- 
- 
10 
- 
.V 


10Hz 
~ 
f ~ 
100kHz 
Va 


Output 
Resistance 
f -:::10kHz 
'0 
~ 
18 
- 
- 
1B 
- 
- 
1B 
- 
mil 


Short·ClrCUII Current 
limit 
(TA:: ·25°CI 
'sc 
- 
02 
1 2 
- 
02 
- 
- 
02 
- 
A 
Vm:: 
35 
Vdc 


Peak OutpUI 
Current 
(TJ = +25°C) 
Imall: 
1 3 
25 
33 
- 
22 
- 
- 
22 
- 
A 


Average 
Temperature 
CoeffiCient 
of 
TCVo 
- 
'1 
5 
- 
- 
-10 
- 
- 
-10 
- 
mV 


Output 
Voltage 
·C 


on - 
O- 
J - 
low 
htoh 


C~aracteristics 
Symbol 
MC7812A 
MC7812AC 
Unit 
Min 
Typ 
Max 
Min 
Typ 
M •• 


Output 
Vollage 
ITJ = t-25°C) 
Vo 
11 75 
12 
1225 
" 
75 
12 
1225 
Vdc 


Output 
Voltage 
Vo 
Vdc 


15 0 mA S;;10!:S; lOA. 
Po ~ 15 WI 
115 
12 
125 
115 
12 
125 


148Vdc!:S;Vm!:S;27Vdc 


LIne 
Regulation 
(Note 
21 
Reg'me 
mV 


148 
Vdc!:S; Vm!:S; 30 Vdc. 
10 = 500 
mA 
- 
50 
18 
- 
13 
120 


16 Vdc!:S; Vm!:S; 22 Vdc 
- 
80 
30 
- 
16 
120 


16 Vdc ~ Vm ~ 22 Vdc. TJ = t-25°C 
- 
30 
90 
- 
60 
60 


145 
Vdc!:S; Vm ~ 27 Vdc. TJ = +25°C 
- 
50 
18 
- 
13 
120 


Load 
RegulatIon 
(Note 
21 
Regload 
mV 
50mA~lo~ 
15A.TJ=t-25°C 
- 
20 
25 
- 
46 
100 


5 0 mA !:S;10 ~ 
1 0 A 
- 
20 
25 
- 
46 
100 


250 
mA~ 
10 ~ 750mA, 
TJ = t-25°C 
- 
10 
15 
- 
- 
- 


250 
mA ~ 10 ~ 750 
mA 
- 
10 
25 
- 
17 
50 


QUIescent 
Current 
IB 
- 
- 
50 
- 
- 
60 
mA 


TJ = t-25°C 
- 
34 
40 
- 
44 
60 


QUIescent 
Current 
Change 
~IB 
mA 


15 Vdc~ 
Vln~ 
30Vdc.lo 
= 500 
mA 
- 
03 
05 
- 
-- 
OB 


148 
Vdc ~ Vm ~ 27 Vdc, TJ = t-25°C 
- 
02 
05 
- 
- 
OB 
5 0 mA !:S;10 ~ 
1.0 A 
- 
004 
02 
- 
- 
05 


RIpple 
Re/echon 
RR 
dB 


15 Vdc~ 
Vln~ 
25 Vdc, 
f = 120 
Hz. 


TJ = t-25°C 
61 
68 
- 
- 
- 
- 


15 Vdc!:S; Vin ~ 25 Vdc. 
f = 120 
Hz, 


10 = 500 
mA 
61 
6B 
- 
- 
60 
- 


Dropout 
Voltage 
(10 = 1.0 A, TJ:: 
+25°CI 
V1n - Vo 
- 
2.0 
25 
- 
2.0 
- 
Vdc 


Output 
NOIse Voltage 
(TA = +25°C) 
Vn 
- 
'0 
40 
- 
10 
- 
IJV/VO 
10Hz~fS;; 
100kHz 


Output 
ReSIstance 
(f :: 1.0 kHz) 
'0 
- 
2.0 
- 
- 
18 
- 
mfl 


Short-CIrcUIt 
Current 
LimIt 
ITA = +25°CI 
'sc 
- 
0.2 
1 2 
- 
0.2 
- 
A 
Vm:: 
35 Vdc 


Peak Output 
Current 
(TJ:: 
+25°Cl 
Imal( 
1.3 
2.5 
3.3 
- 
2.2 
- 
A 


Awrage 
Temperature 
CoeffICIent 
o! Output 
Voltage 
TCVO 
- 
:t105 
- 
- 
-1.0 
- 
mV/oC 


NOTES' 
1. Tlow:: 
-55°C 
for MC78XX. 
A 


:: 0° for 
MC78XXC, 
AC 


" -4O"C 
II)( MC78XXB 


2. 
Load and line 
regulation 
are specified 
at constant 
junction 
temperature. 
Chlnges 
in Vo due to heatIng 
effects 
must 
be taken 
into account 


separately. 
Pulse 
t.sting 
with 
low 
duty 
cycl. 
fs used. 


In = 
o~ 
m 
J ~ 
low to 
hlch 
oe 
un ess 0 
erWlse 
no e 


Characteristic 
Symbol 
MC7815 
MC78' 
58 
MC78'5C 
Unit 
Min 
TVp 
Ma. 
Min 
TVp 
Max 
Min 
TVp 
Max 


Output 
Voltage 
lTJ = '025°C) 
Vo 
144 
15 
156 
'44 
, 5 
, 56 
14,4 
'5 
156 
Vdc 


Output 
Voltage 
Vo 
Vdc 


(5 0 mA ~ 
10 ~ 
lOA, 
Po ~ 
15 WI 


175 
Vdc ~ Vln ~ 30 Vdc 
- 
- 
- 
- 
- 
- 
1425 
, 5 
1575 


185 
Vdc";;; Vm 
0.:; 30 Vdc 
'425 
15 
1575 
1425 
15 
1575 
- 
- 
- 


LIne RegulatIon 
ITJ = '025°C. Note 
2) 
Regime 
mV 


175 
Vdc-':; Vln~ 
30 Vdc 
- 
60 
150 
- 
13 
300 
- 
13 
300 


20 Vdc"'; 
Vm ~ 
26 Vdc 
- 
30 
75 
- 
60 
'50 
- 
60 
150 


Load Regulatlon 
ITJ = .25°C, 
Note 21 
Regload 
mV 


5 0 mA ..,; 10 ~ 
1 5 A 
- 
32 
'50 
- 
52 
300 
- 
52 
300 


250 
mA";' 
10~ 
750 
mA 
- 
'0 
75 
- 
20 
'50 
- 
20 
150 


QUiescent 
Current 
(TJ = .25°C) 
'B 
- 
34 
60 
- 
44 
80 
- 
44 
80 
mA 


QUiescent 
Current 
Change 
~IB 
mA 


175 
VdcS 
Vln"; 
30Vdc 
- 
- 
- 
- 
- 
- 
- 
- 
, 0 


185 
Vdc-:" 
V,n";' 
30 Vdc 
- 
03 
08 
- 
- 
10 
- 
- 
- 


5 0 mA'"" 
10"'" 
1 0 A 
- 
004 
05 
- 
- 
05 
- 
- 
05 


RIpple 
RejectIon 
RR 
60 
66 
- 
- 
58 
- 
- 
58 
- 
dB 


185 
Vdc'", 
Vln' 
28 5 Vdc, I = 120 Hz 


Dropout 
Voltage 
(10 = lOA, 
TJ = -25°CI 
Vln ~ Vo 
- 
20 
25 
- 
20 
- 
- 
20 
- 
Vdc 


Output 
NOIse Voltage 
ITA = -25°CI 
Vn 
- 
'0 
40 
- 
10 
- 
- 
10 
- 
.VI 


10 Hz·,," 
100kHz 
Vo 


Output 
ReSistance 
I = 10kHz 
'0 
- 
'9 
- 
- 
19 
- 
- 
, 9 
- 
mil 


Short· 
CIrculi 
Currenl 
Limit 
(TA = .25°CI 
'so 
- 
02 
, 2 
- 
02 
- 
-- 
02 
- 
A 


Vin = 35 Vdc 


Peak Output 
Current 
ITJ = -25°Cl 
Imal( 
1 3 
25 
33 
- 
22 
- 
- 
22 
- 
A 


Average 
Temperature 
CoeffICient 
of 
TeVO 
- 
!:18 
- 
- 
-10 
.- 
- 
-10 
- 
mV 
Output 
Voltage 
°C 


on - 
. O- 
J - 
low 
ho h 
u 
, 


~ 
Ch •• acl.';st;cs 
Symbol 
MC7815A 
MG7815AC 
Unit 
Min 
TVp 
Max 
Min 
Tvp 
Max 


Ou.!.put Voltage 
ITJ = -25°Cl 
Vo 
147 
, 5 
153 
147 
15 
, 53 
Vdc 


Output 
Voltage 
Vo 
Vdc 


(50 
mA' 
'0' 
t OA. 
Po 
15WI 
144 
15 
156 
144 
15 
, 56 


179 
Vdc 
VIn' 
30 Vdc 


Line RegulatIon 
(Note 
21 
Regime 
mV 


179Vdc"", 
Vln' 
30 Vdc. 10 - 500 
mA 
- 
60 
22 
- 
13 
150 


20 Vdc ~ Vm """ 26 Vdc 
- 
60 
22 
- 
16 
'50 


20 Vdc ~ Vln "" 26 Vdc. TJ = o.25°C 
- 
30 
10 
- 
60 
75 


~:"" 
Vm~ 
30Vdc. 
TJ= 
o.25=>C 
- 
60 
2~ 
- 
13 
150 


Load Regulation 
(Note 
21 
Regtoad 
mV 
50mA"" 
10"" 
15A.TJ=o.25°C 
- 
20 
25 
-- 
52 
100 
5 0 mA ~ 
10 "" 1 0 A 
- 
20 
25 
- 
52 
100 
250 
mA "" 10"" 
750mA, 
TJ = +25°C 
- 
, 0 
15 
- 
- 
- 


250 
mA ~ 10"" 
750 
mA 
- 
'0 
25 
- 
20 
50 


QUIescent 
Current 
'B 
- 
- 
55 
- 
- 
60 
mA 


~_t25°C 
- 
34 
45 
- 
44 
60 


QUIescent 
Current 
Change 
~IB 
mA 
175 
Vdc ~ Vm ~ 30 Vdc. 10 = 500 
mA 
- 
03 
05 
- 
- 
08 
175 
Vdc ~ Vm ~ 30 Vdc. TJ = "25°C 
- 
02 
05 
- 
- 
08 
50mA~10=;;;10A 
- 
004 
02 
- 
- 
05 


RIpple 
RejectIon 
RR 
dB 


185 
Vdc ~ V1n -s;;;28 5 Vdc. f :: 120 Hz. 


TJ = "25°C 
60 
66 
- 
- 
- 
-- 


18.5 Vdc -s;;;Vm -s;;;28.5 
Vdc. f = 120 Hz, 


'0= 
500mA 
60 
66 
_. 
- 
58 
- 


Dropout 
Voltage 
(10 = 1.0 A. TJ = t25°C) 
Vm-VO 
- 
2.0 
2.5 
- 
2.0 
- 
Vdc 


Output 
Noise 
Voltage 
(TA = "25°C) 
Vn 
- 
10 
40 
- 
10 
- 
IlV/VO 
10Hz 
~ f ~ 
100kHz 


Output 
ReSIstance 
(f :: 1.0 kHzl 
'0 
- 
20 
- 
- 
.19 
- 
mil 


Short-CirCUIt 
Current 
Llmit.(TA 
= .25°CI 
'sc 
- 
02 
, 2 
- 
02 
- 
A 
VIO:: 
35 Vdc 


Peak Output 
Current 
(TJ:: 
+25°C) 
Imax 
1.3 
25 
33 
- 
2_2 
- 
A 


Average 
Temperature 
CoefficIent 
of Output 
Voltage 
TCVa 
- 
±1.8 
- 
- 
-1.0 
- 
mV/oC 


NOTES: 
1 
Tlow:: 
_55°C 
for MC78XX. 
A 
Thigh 
= .150°C 
for MC78XX. 
A 


:: 0° for MC78XXC. 
AC 
= .125°C 
for MC78XXC. 
AC. 8 


:. -40°C 
for MC78XXS 
2 
Load and line regulation 
are specified 
at constant 
Junction 
temperature. 
Changes 
in Vo due to heating 
effects 
must be taken 
inlO account 


separately. 
Pul.e 
testing 
with 
low duty 
cycle 
is used. 


II 


•• 


""'''''''/010 
IVI""OIOD 
M\./lSltM,; 


Characteristic 
Symbol 
Unit 


Min 
Typ 
M •• 
Min 
Typ 
M •• 
Min 
Typ 
M •• 


Output 
Voltage 
ITJ ~ 
+ 25°C) 
Vo 
17.3 
18 
18.7 
17.3 
18 
18.7 
17.3 
18 
18.7 
Vdc 


Output 
Voltage 
Vo 
Vdc 


(5.0 mA" 
10" 
1.0 A. PO" 
15 WI 
21 Vdc ~ Vin 
oe;;33 Vdc 
- 
- 
- 
- 
- 
- 
17.1 
18 
18.9 


22 Vdc ~ Vin "" 33 Vdc 
17.1 
18 
18.9 
17.1 
18 
18.9 
- 
- 
- 


line 
Regulation 
IT J 
"" + 25°C. Note 21 
Aegline 
mV 


21 Vdc 
os;:Vi" 
'!is 33 
Vdc 
- 
7.0 
180 
- 
25 
360 
- 
25 
360 


24 Vdc ""Vi" os;:30 Vdc 
- 
4.0 
90 
- 
10 
180 
- 
10 
180 


load 
Regulation 
ITJ 
'"' + 25°C. Note 
21 
Regload 
mV 


5.0 mA 
os;:10 
"" 1.5 A 
- 
35 
180 
- 
55 
360 
- 
55 
360 


250 mA " 
10 " 750 mA 
- 
12 
90 
- 
22 
180 
- 
22 
180 


Quiescent 
Current 
IT J 
"" + 25°CI 
IB 
- 
3.5 
6.0 
- 
4.5 
8.0 
- 
4.5 
8.0 
mA 


Quiescent 
Current 
Change 
AIB 
mA 


21 Vdc 
os;:Vin 
l!iii. 33 Vdc 
- 
- 
- 
- 
- 
- 
- 
- 
1.0 


22 
Vdc 
"" Vin 
:r;;:33 
Vdc 
- 
0.3 
0.8 
- 
- 
1.0 
- 
- 
- 


5.0 mA " 10 " 
1.0 A 
- 
0.04 
0.5 
- 
- 
0.5 
- 
- 
0.5 


Ripple 
Rejection 
RR 
59 
65 
- 
- 
57 
- 
- 
57 
- 
dB 


22 
Vdc 
os;:Vin 
"" 33 
Vdc. 
f 
:= 
120 
Hz 


Dropout 
Voltage 
110 ~ 1.0 A. TJ 
~ 
+ 25°CI 
Vin-VO 
- 
2.0 
2.5 
- 
2.0 
- 
- 
2.0 
- 
Vdc 


Output 
Noise 
Voltage 
(T A 
= 
+ 25°CI 
Vn 
- 
10 
40 
- 
10 
- 
- 
10 
- 
~VI 


10Hz""f"" 
100kHz 
Vo 


Output 
Resistance 
f 
=:= 
1.0 
kHz 
'0 
- 
19 
- 
- 
19 
- 
- 
19 
- 
mll 


Short·Circuit 
Current 
Limit 
ITA 
= 
+ 25°C) 
Isc 
- 
0.2 
1.2 
- 
0.2 
- 
- 
0.2 
- 
A 


Vi" = 35 Vdc 


Peak 
Output 
Current 
(T J = + 25°C) 
Imax 
1.3 
2.5 
3.3 
- 
2.2 
- 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
of 
TCVO 
- 
~2.3 
- 
- 
-1.0 
- 
- 
-1.0 
- 
mVI 


Output 
Voltage 
°c 


in 
= 
.0= 
J 
= 
low 
high 
un 
rwl 
n 


MC7818AC 
Characteristics 
Symbol 
Unit 
Min 
Typ 
M•• 


Output 
Voltage 
ITJ = 
+ 25°C) 
Vo 
17.64 
18 
18.36 
Vdc 


Output 
Voltage 
Vo 
Vdc 


15.0 mA" 
10" 
1.0 A. PO" 
15 WI 
17.3 
18.7 
17.3 


21 
Vdc 
:l!ii Vin 
=&i 
33 
Vdc 


Line 
Regulation 
(Note 
2) 
Regline 
mV 


21 
Vdc 
~ 
Vin 
~ 
33 
Vdc. 
10 = 
500 
mA 
- 
25 
180 


24 
Vdc 
:s;:Vin 
'" 
30 
Vdc 
- 
28 
180 


24 
Vdc 
~ 
Vin" 
30 
Vdc. 
TJ = 
+25°C 
- 
10 
90 


20.6 Vdc •• Vin •• 33 Vdc. TJ ~ 
+ 25°C 
- 
25 
180 


load 
Regulation 
(Note 
21 
Regload 
mV 
5.0 mA " 10 '" 1.5 A. TJ 
= 
+ 25°C 
- 
55 
100 
5.0 mA" 
10'" 
1.0 A 
- 
55 
100 
250mA" 
10'" 
750mA.TJ 
= 
+ 25°C 
- 
- 
- 


250 mA •• 10 '" 750 mA 
- 
22 
50 


Quiescent 
Current 
IB 
- 
- 
6.0 
mA 
TJ 
~ 
+25"<: 
- 
4.5 
6.0 


Quiescent 
Current 
Change 
AIB 
mA 
21 Vdc " Vin '" 33 Vdc. 10 = 500 mA 
- 
- 
0.8 
21 Vdc" 
Vin" 
33 Vdc. TJ 
~ 
+25°C 
- 
- 
0.8 
5.0 mA" 
10 '" 1.0 A 
- 
- 
0.5 


Ripple 
Rejection 
RR 
dB 
22 Vdc" 
Vin '" 32 Vdc. f ~ 120 Hz. TJ 
= 
+25°C 
- 
- 
- 


22 Vdc" 
Vin '" 32 Vdc. f = 120 Hz. 10 = 500 mA 
- 
57 
- 


Dropout 
Voltage 
(10 ~ 
1.0 A. TJ 
= 
+ 25°C) 
Vin-VO 
- 
2.0 
- 
Vdc 


Output 
Noise 
Voltage 
(TA = + 25"<:) 
Vn 
- 
10 
- 
,.VNO 
10 Hz" 
f '" 100 kHz 


Output 
Resist.nce 
(f = 
1.0 
kHz) 
ro 
- 
19 
- 
mil 


Short-Circuit 
Current 
Limit 
(TA 
= 
+25"<:) 
Isc 
- 
0.2 
- 
A 
Vin 
= 35 Vdc 


Peak 
Output 
Current 
(T J = + 25°C) 
Imax 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
-1.0 
- 
mvrc 


Nons: 
1. Tlow 
: a.:;M~:X~ 
Thigh: 
: ~~ 
:~; ~g~:~c. 
AC. B 


- 
-~ 
for MC78XXB 
2. Load and line regulation 
are specified 
at conltant 
junction 
temperature. 
Changes 
in Vo due to heating 
effects 
must be taken 
into account 
teperatety. 
PuIM 
t•• ting with 
low duty cycle is used. 


in = 
o~ 
m 
J ~ 
low 
0 
hi 
h 
ot. 
un ess 0 
erwlse 
no e 


MC7824 
MC78248 
MC7824C 


Chl'lcteriltic 
Symbol 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mln 
Typ 
Mox 


Output 
Voltage 
ITJ 
= 
+ 25"C) 
Vo 
23 
24 
25 
23 
24 
25 
23 
24 
25 
Vde 


Output Voltage 
Vo 
Vde 


15.0 mA " 
10 '" 1.0 A. Po 
'" 15 WI 
27 Vdc ~ Vin ~ 38 Vdc 
- 
- 
- 
- 
- 
- 
22.8 
24 
25.2 
28 Vdc ~ Vin ~ 38 Vdc 
22.8 
24 
25.2 
22.8 
24 
25.2 
- 
- 
- 


line 
Regulation 
(TJ 
= 
+ 25°C. Note 2) 
Regline 
mV 
27 Vdc ~ Vin '" 38 Vdc 
- 
10 
240 
- 
31 
480 
- 
31 
480 
30 Vdc ~ Vin ~ 36 Vdc 
- 
5.0 
120 
- 
14 
240 
- 
14 
240 


load 
Regulation 
(TJ = 
+ 25"C. Not. 2) 
Regload 
mV 
5.0 mA " 10 " 
1.5 A 
- 
40 
240 
- 
60 
480 
- 
60 
480 
250 mA ~ 10 
:!'it: 750 mA 
- 
15 
120 
- 
25 
240 
- 
25 
240 


Quiescent 
Current 
ITJ 
= 
+ 25"CI 
IS 
- 
3.6 
6.0 
- 
4.6 
8.0 
- 
4.6 
8.0 
mA 


Quiescent 
Current Change 
61S 
mA 
27 Vdc ~ Vin '" 38 Vdc 
- 
- 
- 
- 
- 
- 
- 
- 
1.0 
28 Vdc ~ Vin ~ 38 Vdc 
- 
0.3 
0.8 
- 
- 
1.0 
- 
- 
- 
5.0 mA .:!5i10 
'I!O: 1.0 A 
- 
0.04 
0.5 
- 
- 
0.5 
- 
- 
0.5 


Ripple Rejection 
RR 
56 
62 
- 
- 
54 
- 
- 
54 
- 
dS 
28 Vdc ~ Vin ~ 38 Vdc. f "" 120 Hz 


Dropout 
Voltage 
(10 = 1.0 A. TJ "" + 25"CI 
Vin-VO 
- 
2.0 
2.5 
- 
2.0 
- 
- 
2.0 
- 
Vde 


Output 
Noise Voltage 
(TA "" + 25"CI 
Vn 
- 
10 
40 
- 
10 
- 
- 
10 
- 
"Vi 


10 Hz ~ f.:!5i100 kHz 
Vo 


Output 
Resistance f "" 1.0 kHz 
'0 
- 
20 
- 
- 
20 
- 
- 
20 
- 
mO 


Short-Circuit 
Current 
limit 
ITA"" 
+ 25"CI 
Ise 
- 
0.2 
1.2 
- 
0.2 
- 
- 
0.2 
- 
A 
Vin 
"" 35 Vdc 


Peak Output 
Current 
(TJ "" + 25"CI 
Imax 
1.3 
2.5 
3.3 
- 
2.2 
- 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
of 
TCVO 
- 
~3.0 
- 
- 
-1.5 
- 
- 
- 1.5 
- 
mV! 


Output 
Voltage 
"C 


in = 
·O~ 
J 
~ 
low 
hiQh 
u 
I 


MC7824AC 
Characteristics 
Symbol 
Unit 
Min 
Typ 
Max 


Output 
Voltage 
ITJ 
=: 
+ 25"CI 
Vo 
23.5 
24 
24.5 
Vde 


Output 
Voltage 
Vo 
Vde 
15.0 mA " 10 " 
1.0 A. Po 
" 
15 WI 
23 
24 
25 
27.3 Vdc 
"S 
Vin 
"S 
38 Vdc 


line 
Regulation 
(Note 2) 
Regline 
mV 
27 Vdc 
"S 
Vin 
"S 
38 Vdc. 10 = 500 mA 
- 
31 
240 
30 Vdc .:!5iVin .:!5i36 Vdc 
- 
35 
240 
30 Vdc.:!5i Vin 
"S 
36 Vdc. TJ = 
+ 25°C 
- 
14 
120 
26.7 Vdc.:!5i Vin 
"S 
38 Vdc, TJ 
= 
+ 25"C 
- 
31 
240 


load 
Regulation 
(Note 2) 
Regload 
mV 
5.0 mA ~ 10 
"S 
1.5 A, TJ = 
+ 25"C 
- 
60 
100 
5.0 mA 
"S 
10 os; 1.0 A 
- 
60 
100 
250 mA 
"'S 
10 
:"S 
750 mA, TJ "" + 25"C 
- 
- 
- 
250 mA 
"'S 
10 
"S 
750 mA 
- 
25 
50 


Quiescent 
Current 
IS 
- 
- 
6.0 
mA 
TJ 
~ 
+ 25"C 
- 
4.6 
6.0 


Quiescent 
Current 
Change 
~IS 
mA 
27.3 Vdc ~ Vin 
"'S 
38 Vdc, 10 
= 500 mA 
- 
- 
0.8 
27.3 Vdc 
"'S 
Vin 
"'S 
38 Vdc. TJ = 
+ 25"C 
- 
- 
0.8 
5.0 mA 
"S 
10 :6 1.0 A 
- 
- 
0.5 


Ripple Rejection 
RR 
dS 


28 Vdc 
"'S 
Vin 
"S 
38 Vdc, f :::: 120 Hz. TJ :::: + 25"C 
- 
- 
- 
28 Vdc 
"'S 
Vin 
os;; 38 Vdc. f :::: 120 Hz. 10 = 500 mA 
- 
54 
- 


Dropout 
Voltage 
(10 :::: 1.0 A, TJ = 
+ 25"CI 
Vin-VO 
- 
2.0 
- 
Vde 


Output 
Noise Voltage 
(TA = 
+ 25"C) 
Vn 
- 
10 
- 
"VNO 


10 Hz ~ f ~ 100 kHz 


Output 
Resistance 
(f ::: 1.0 kHz) 
'0 
- 
20 
- 
mO 


Short-Circuit 
Current 
limit 
(TA = 
+ 25"CI 
Ise 
- 
0.2 
- 
A 
Vin 
= 35 Vdc 


Peak Output 
Current (TJ = 
+ 25"CI 
Imax 
- 
2.2 
- 
A 


Average 
Temperature 
Coefficient 
of Output Voltage 
TCVO 
- 
- 1.5 
- 
mvrc 


NOTES: 
1. Tlow 
= 
-SS-c 
for 
MC78XX 
Thigh 
= 
+ 15O"C 
for 
MC78XX 


= 0" for 
MC78XXC, 
AC 
= + 12S-c for 
MC78XXC, 
AC, B 


= 
- 
4O"C 
for 
MC78XXB 


2. load 
and line 
regulation 
are specified 
at constant 
junction 
temperature. 
Changes 
in Vo due to heating 
effects 
must 
be taken 
into 
account 
separately. 
Pulse testing 
with 
low 
duty 
cycle 
is used. 


TYPICAL 
CHARACTER 
ISTICS 
(T A = +250C unless otherwise noted.) 
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FIGURE 3 - 
INPUT OUTPUT DIFFERENTIAL 
AS A 
FUNCTION 
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FIGURE 5 - 
PEAK OUTPUT CURRENT AS A FUNCTION 
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FIGURE 4 - 
If\lPUT OUTPUT DIFFERENTIAL 
AS A 
FUNCTION OF JUNCTION TEMPERATURE 
IMC78XX, AI 


FIGURE 6 - 
PEAK OUTPUT CURRENT AS A 
FUNCTION 
OF INPUT·OUTPUT 
DIFFERENTIAL 
VOLTAGE IMC78XX, 
AI 
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TYPICAL CHARACTERISTICS (continued) 
(TA = 25°C unless otherwise noted.) 


FIGURE 
7 - 
RIPPLE REJECTION 
AS A FUNCTION 
FIGURE 8 - 
RIPPLE REJECTION AS A FUNCTION 


OF OUTPUT VOLTAGES 
OF FREQUENCY 
(MC78XXC. 
ACI 
(MC78XXC. 
AC. A) 
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I:llHign Consi.ltions 
The MC7800 Series of fixed voltage regulators are designed 
with 
Thermel Overload Protection 
that 
shuts down 
the circuit 
when subjected to an excessivepower overload condittan, 
Internal 
Short-Circuit 
Protection that limits the maximum current the cir- 


cuit will pess,and Output Transistor Safe-Area Compensation that 
reduces the output 
short-circuit 
current as the voltage across the 
pesstransistor is increased. 


In many tow current applications, compensatIon capacItors are 
not required. 
However, it 
IS recommended that 
the regulator 
Input be bypassed with a capacitor If the regulator ISconnected 


Input 
~~MC78~05 
h 


033~FI 
f ~r. 
Constant 
Current 
to 
Grounded 
Load 


The MC7800 
regulators can also be used as a current source 
when connected as above. In order to mtnlmlle 
diSSIpation the 


MC7B05r. 
15 chosen 
10 
thiS application 
ReSistor R determines 


the current as follows 


For example, a 1 ampere current source would require R to be a 
5·ohm. 
lO·W 
reSistor and the output 
voltage compliance wouln 
be the mput vol tage less 7 vat ts 


MJ2955 
Of 
EqulV 


Input~ 
~ 


~ 
MC78XX 
~ou,pu, 


'O~F~ 
1 
~O'~F 


The MC7800 seriel e-n be current boosted with a PNP transis- 


tor. 
The MJ2955 provides current 
to 50 
amperes 
ReSistor R 
In conjunction 
With the VSE 
of the PNP nptermlnes when the 


PISS transistor begins concuctlng, 
thiS CirCUit ISnot short-Circuit 
proof. 
Input-output 
differential 
voltage minimum 
IS Increasedby 
VSE of the passtranSistor. 


to the power supply filter WIth long Wife lengths, or if the output 
load capacitance is large. 
An mput bypass capacitor should be 
selected to provide good high-frequency 
characteristics to insUre 


stable operation under alt load conditions. 
A 0.33 #JF or larger 


tantalum, mylar, or other capacitor having low IOternal impedance 
at high frequencies should be chosen.The bypass capacitor should 
be mounted 
with 
the shortest possible leads directly across the 


regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and leadresistancedrops 
since the regulator hasno external senselead. 


Th~ a<ldilion of 
an operatIonal 
amplifier 
allows adlustmE"nt 
10 
higher or mtermedlate \,falueswhIle reti:tlnmg regulatIon characler 
IstlCS 
The mlnHllum \,foltageobtaInable IfI.tllh thiS dlrangement 
Ie; 
20 \,faItsgrealer than the regulator \,foltage 


The circuit of Figure 15 can be modified to provide supply protec- 
tion against short CirCUitsby adding a short-Circuit sense reSistor, 
Rsc,and an addItional 
PNP tranSistor. 
The current sensing PNP 
must be able to handle the short-Circuit 
current 
of 
the three· 


terminal 
regulator 
Therefore, a four-ampere plastiC power tran 
Slstor ISspeCified 


® MOTOROLA 


THREE-TERMINAL 
LOW CURRENT 
POSmVE 
VOLTAGE REGULATORS 


The MC78LOO Series of positive 
voltage 
regulators 
are inex- 


pensive, easy-to-use 
devices suitable 
for a multitude 
of applica- 
tions that require a regulated 
supply 
of up to 100 mA. Like their 
higher powered MC7800 and MC78MOOSeries cousins, these reg- 
ulators 
feature 
internal 
current 
limiting 
and thermal 
shutdown 
making 
them 
remarkably 
rugged. 
No external 
components 
are 
required with the MC78LOOdevices in many applications. 


These devices offer a substantial 
performance 
advantage 
over 


the traditional 
zener diode-resistor 
combination, 
as output imped- 
ance and quiescent 
current 
are substantially 
reduced. 


• Wide Range of Available, 
Fixed Output Voltages 


• Low Cost 
• Internal Short Circuit Current Limiting 
• Internal Thermal 
Overload 
Protection 


• No External Components 
Required 
• Complementary 
Negative Regulators Offered 
(MC79LOOSeries) 


• Available 
in Either:!: 
5% IACI or :!:10% IC) Selections 


ORDERING 
INFORMATION 


Device 
Junction 
Temperature 
Range 
Package 


MC78LXXACD 
SOP-8 


MC78LXXACG 
Metal 
Can 


MC78LXXACP 
TJ 
~ 
O°C to + 125°C 
Plastic 
Power 


MC78LXXCD 
SOP-8 


MC78LXXCG 
Metal 
Can 


MC78LXXCP 
Plastic 
Power 


MC78LXXABP# 
TJ 
~ 
-40°C 
to + 125°C 
Plastic 
Power 


XX indicates 
nominal 
voltage 


#Automotive 
temperature 
range 
selections 
are 
available 
with 
special 
test 
conditions 
and 
additional 
tests 
in 5. 8.12 
and 
15 volts 
devices. 
Contact 
your 
local 
Motorola 
sales 
office 
for 


information. 


MC78LOO,A 
Series 


THREE-TERMINAL 


LOW CURRENT 
POSITIVE FIXED 
VOLTAGE 
REGULATORS 


PIN 1. OUTPUT 


2. GROUND 
3. INPUT 


PIN 1. INPUT 


2. OUTPUT 
3. GROUND 


(Bonom 
View) 


(Case Connected 
To Pin 31 


D SUFFIX 


PLASTIC 
PACKAGE 


CASE 
751-02 
SOP-8 


PIN 1. VOUT 


2. GND 
3. GND 
4. NC 


5 
NC 
6. GND 
7. GND 
8. VIN 


SOP-S is an internally 
modified 
50·8 
Package. 
Pins 


2. 3, 6 and 7 are electrically common to the die 
attach 
flag. 
This 
internal 
lead frame 
modification 


decreases 
package 
thermal 
resistance 
and 


increases 
power 
dissipation 
capability 
when 


appropriately 
mounted 
on a printed 
circuit 
board 
SOP-8 
conforms 
to all external 
dimensions 
of the 
standard 
50-8 
Package. 


Device 
No. 
Device 
No. 
Nominal 


'10% 
'5% 
Voltage 


MC78L05C 
MC78L05AC 
50 


MC78L08C 
MC78L08AC 
80 


MC78L 
12C 
MC78L 
12AC 
12 


MC78L15C 
MC78L 
15AC 
15 


MC78L 
18C 
MC78L 
18AC 
18 


MC78L24C 
MC78l24AC 
24 


II 


Rotlng 
Symbol 
Voluo 
Unit 


Input 
Voltage 
(2.6 V-8.0 
VI 
VI 
30 
Vdc 
(12 V-18 
VI 
35 
(24 V) 
40 


Storage Junction 
Temperature 
Range 
Tstg 
-65 
to 
+ 150 
'c 


Operating 
Junction 
Temperature 
Range 
TJ 
010 
+150 
'c 


MC78LOSC, 
MC78L05AC 
ELECTRICAL 
CHARACTERISTICS 
IVI ~ 
10 V. 10 = 40 mA, CI = 0.33 I"F, Co 
~ 0.1 I"F, 


DOC< TJ < + 125°C unless 
otherwise 
noted.) 


MC7BlOSAC 
MC7BlOSC 


Characteristic 
Symbol 
Min 
Typ 
Mo. 
Mln 
Typ 
Mo. 
Unit 


Output 
Voltage 
ITJ 
~ 
+ 25'C) 
Vo 
4.8 
5.0 
5.2 
4.6 
5.0 
5.4 
Vdc 


line Regulation 
Regline 
mV 
ITJ 
~ 
+ 25'C, 
10 ~ 40 mAl 
7.0 Vdc '" VI '" 20 Vdc 
- 
55 
150 
- 
55 
200 


8.0 Vdc '" VI '" 20 Vdc 
- 
45 
100 
- 
45 
150 


load 
Regulation 
Regload 
mV 


(TJ 
~ 
+25'C, 
1.0 mA '" 10'" 
100 mAl 
- 
11 
60 
- 
11 
60 
(TJ 
= +25'C, 
1.0 mA '" 10 '" 40 mAl 
- 
5.0 
30 
- 
5.0 
30 


Output 
Voltage 
Vo 
Vdc 
(7.0 Vdc '" VI '" 20 Vdc, 
1.0 mA '" 10 '" 40 mAl 
4.75 
- 
5.25 
4.5 
- 
5.5 
IVI ~ 
10 V, 1.0 mA '" 10 '" 70 mAl 
4.75 
- 
5.25 
4.5 
- 
5.5 


Input Bias Current 
118 
mA 
(TJ 
= + 25'CI 
- 
3.8 
6.0 
- 
3.8 
6.0 
(TJ 
~ 
+ 125'C) 
- 
- 
5.5 
- 
- 
5.5 


Input Bias Current Change 
~I'B 
mA 


18.0 Vdc '" VI '" 20 Vdc) 
- 
- 
1.5 
- 
- 
1.5 


11.0 mA '" 10 '" 40 mAl 
- 
- 
0.1 
- 
- 
0.2 


Output 
Noise Voltage 
ITA = 
+25°C. 
10 Hz os;f ~ 
Vn 
- 
40 
- 
- 
40 
- 
"V 
100 kHz) 


Ripple Rejection (10 = 40 mA, f = 120 Hz, 
RR 
41 
49 
- 
40 
49 
- 
dB 
8.0 V'" 
VI '" lB V, TJ 
~ 
+ 25'CI 


Dropout 
Voltage 
VI-VO 
- 
1.7 
- 
- 
1.7 
- 
Vdc 
(TJ 
= 
+25'C) 


MC78L08C, 
MC78L08AC 
ELECTRICAL 
CHARACTERISTICS 
(V, = 
14 V, 10 = 40 mA, CI ~ 0.33 I"F, Co 
= 0.1 I"F, 


DOC < TJ < + 125°C unless otherwise 
noted.) 


MC7BlOBAC 
MC7BlOBC 


Characteristic 
Symbol 
Min 
Typ 
M •• 
Min 
Typ 
Mo. 
Unit 


Output 
Voltage 
ITJ 
~ 
+ 25'CI 
Vo 
7.7 
8.0 
8.3 
7.36 
8.0 
8.64 
Vdc 


Line Regulation 
Regline 
mV 
(TJ 
~ 
+ 25'C, 
10 ~ 40 mAl 
10.5 Vdc " VI '" 23 Vdc 
- 
20 
175 
- 
20 
200 
11 Vdc '" VI '" 23 Vdc 
- 
12 
125 
- 
12 
150 


Load Regulation 
ReQload 
mV 
ITJ 
~ 
+ 25'C, 
1.0 mA " 
10 " 
100 mAl 
- 
15 
80 
- 
15 
80 
(TJ 
~ 
+25'C, 
1.0 mA '" 10 '" 40 mAl 
- 
8.0 
40 
- 
6.0 
40 


Output 
Voltage 
Vo 
Vdc 
(10.5 Vdc 
os; VI =s;::23 Vdc. 1.0 mA 
os; 10 os; 40 mAl 
7.6 
- 
8.4 
7.2 
- 
8.8 
(VI ~ 
14 V, 1.0 mA '" 10 '" 70 mAl 
7.6 
- 
8.4 
7.2 
- 
8.8 


Input Bias Current 
liB 
mA 
(TJ 
~ 
+2S'CI 
- 
3.0 
6.0 
- 
3.0 
6.0 
ITJ 
~ 
+125'CI 
- 
- 
5.5 
- 
- 
5.5 


Input Bias Current Change 
~IIB 
mA 
111 Vdc." 
VI " 
23 Vdc) 
- 
- 
1.5 
- 
- 
1.5 
11.0 mA '" 10 '" 40 mAl 
- 
- 
0.1 
- 
- 
0.2 


Output Noise Voltage (TA = 
+25°C. 
10 HZ:!Iii f "" 
Vn 
- 
60 
- 
- 
52 
- 
I"V 
100 kHz) 


Ripple 
Rejection 
(10 ~ 40 mA, f ~ 
120 Hz, 
RR 
37 
57 
- 
36 
SS 
- 
dB 
12 V '" VI '" 23 V, TJ 
~ 
+ 25'C) 
Dropout 
Voltage 
VI-VO 
- 
1.7 
- 
- 
1.7 
- 
Vdc 
(TJ 
= +2S'C) 


I 


MC78112AC 
MC78L12C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
ITJ 
~ 
+ 25°CI 
Vo 
11.5 
12 
12.5 
11.1 
12 
12.9 
Vdc 


line Regulation 
Regline 
mV 


ITJ 
~ 
+ 25°C. 10 ~ 40 mAl 


14.5 Vdc '" VI '" 27 Vdc 
- 
120 
250 
- 
120 
250 


16 Vdc '" VI '" 27 Vdc 
- 
lOa 
200 
- 
100 
200 


Load Regulation 
Regload 
mV 


ITJ 
~ 
+25°C. 
1.0 mA 
'" 10 '" lOa mAl 
- 
20 
lOa 
- 
20 
100 


ITJ 
~ 
+25°C. 
1.0 mA '" 10 '" 40 mAl 
- 
10 
50 
- 
10 
50 


Output 
Voltage 
Vo 
Vdc 


114.5 Vdc '" VI '" 27 Vdc. 
1.0 mA '" 10'" 
40 mAl 
11.4 
- 
12.6 
10.8 
- 
13.2 


IVI ~ 
19 V. 1.0 mA '" 10 '" 70 mAl 
11.4 
- 
12.6 
10.8 
- 
13.2 


Input 
Bias Current 
liB 
mA 
ITJ 
~ 
+ 25°CI 
- 
4.2 
6.5 
- 
4.2 
6.5 
(TJ 
~ 
+ 125°C) 
- 
- 
6.0 
- 
- 
6.0 


Input Bias Current Change 
:'IIB 
mA 


116 Vdc '" VI '" 27 Vdcl 
- 
- 
1.5 
- 
- 
1.5 


11.0 mA '" 10 '" 40 mAl 
- 
- 
0.1 
- 
- 
0.2 


Output 
Noise 
Voltage 
(TA = 
+25"C, 
10 Hz:!!>: f ~ 
Vn 
- 
80 
- 
- 
80 
- 
"V 
100 kHzl 


Ripple 
Rejection 
(10 = 40 mA. f ~ 
120 Hz. 15V 
'" 
RR 
37 
42 
- 
36 
42 
- 
dB 
VI'" 
25 V. TJ 
~ 
+ 25°C) 


Oropout 
Voltage 
V,-VO 
- 
1.7 
- 
- 
1.7 
- 
Vdc 


ITJ 
~ + 25°CI 


MC78L15C, 
MC78L15AC 
ELECTRICAL 
CHARACTERISTICS 
IVI = 23 V.IO 
= 40 mA. CI = 0.33 
"F. Co 
~ 0.1 "F. 


Qoe < TJ < + 125"C unless otherwise 
noted.) 


MC78L15AC 
MC78115C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
ITJ 
~ 
+ 25°CI 
Vo 
14.4 
15 
15.6 
13.8 
15 
16.2 
Vdc 


line Regulation 
Regtine 
mV 
ITJ = + 25°C. '0 
~ 40 mAl 
17.5 Vdc " VI '" 30 Vdc 
- 
130 
300 
- 
130 
300 
20 Vdc '" VI " 
30 Vdc 
- 
110 
250 
- 
110 
250 


load 
Regulation 
Regload 
mV 
ITJ 
= 
+25°C, 
1.0 mA" 
10 '" lOa mAl 
- 
25 
150 
- 
25 
150 
ITJ 
~ 
+25°C. 
1.0 mA '" 10 '" 40 mAl 
- 
12 
75 
- 
12 
75 


Output 
Voltage 
Vo 
Vdc 
117.5 Vdc '" VI '" 30 Vdc. 1.0 mA '" 10 '" 40 mAl 
14.25 
- 
15.75 
13.5 
- 
16.5 
IVI = 23 V, 1.0 mA '" 10 " 
70 mAl 
14.25 
- 
15.75 
13.5 
- 
16.5 


Input Bias Current 
liB 
mA 
ITJ 
= + 25°CI 
- 
4.4 
6.5 
- 
4.4 
6.5 
ITJ 
= + 125°C) 
- 
- 
6.0 
- 
- 
6.0 


Input Bias Current 
Change 
611B 
mA 
120 Vdc " 
VI " 
30 Vdc) 
- 
- 
1.5 
- 
- 
1.5 
11.0 mA "10 
'" 40 mAl 
- 
- 
0.1 
- 
- 
0.2 


Output 
Noise Voltage 
(TA = 
+25"C. 
10 HZ:$; f:5;; 
Vn 
- 
90 
- 
- 
90 
- 
"V 
100 kHz) 


Ripple 
Rejection 
(10 = 40 mA, f = 120 Hz. 18.5 V 
RR 
34 
39 
- 
33 
39 
- 
dB 
"VI" 
28.5 V, TJ 
~ 
+ 25°CI 


Oropout 
Voltage 
VI-VO 
- 
1.7 
- 
- 
1.7 
- 
Vdc 
ITJ 
= + 25°CI 


MC78L18AC 
MC78Llac 


Ch.recteristic 
Symbol 
Mln 
Typ 
Me. 
Mln 
Typ 
Me. 
Unit 


Output 
Voltage 
ITJ 
~ + 25°CI 
Vo 
17.3 
18 
18.7 
16.6 
18 
19.4 
Vdc 


line Regulation 
Regline 
mV 


ITJ = + 25°C, 10 = 40 mAl 
21.4 Vdc" 
VI" 
33 Vdc 
- 
32 
325 


20.7 Vdc '" VI " 
33 Vdc 
- 
45 
325 


22 Vdc '" VI " 
33 Vdc 
- 
27 
2.75 


21 Vdc 
" VI " 
33 Vdc 
- 
35 
275 


load Regulation 
Regload 
mV 
(TJ 
~ 
+ 25°C, 1.0 mA" 
10" 
100 mAl 
- 
30 
170 
- 
30 
170 


ITJ 
~ + 25°C, 1.0 mA" 
10" 
40 mAl 
- 
15 
85 
- 
15 
85 


Output 
Voltage 
Vo 
Vdc 


121.4 Vdc" 
VI" 
33 "dc, 
1.0 mA" 
10" 
40 mAl 
16.2 
- 
19.8 


(20.7 Vdc" 
VI" 
33 Vdc, 
1.0 mA" 
10" 
40 mAl 
17.1 
- 
18.9 


(VI = 27 V, 1.0 mA " 10 " 70 mAl 
16.2 
- 
19.8 


IVI ~ 27 V, 1.0 mA " 10 " 70 mAl 
17.1 
- 
18.9 


Input Bias Current 
liB 
mA 


ITJ 
~ 
+ 25°CI 
- 
3.1 
6.5 
- 
3.1 
6.5 


(TJ = + 125°CI 
- 
- 
6.0 
- 
- 
6.0 


Input Bias Current Change 
:'IIB 
mA 


122 Vdc " 
VI " 33 Vdcl 
- 
- 
1.5 


121 Vdc 
" VI ~ 33 Vdcl 
- 
- 
1.5 


(1.0 mA" 
10" 
40 mAl 
- 
- 
0.1 
- 
- 
0.2 


Output 
Noise Voltage 
(TA = 
+ 25°C, 10Hz 
:os:f ~ 
Vn 
- 
150 
- 
- 
150 
- 
"V 
100 kHz I 


Ripple 
Rejection 
110~ 40 mA, f ~ 120 Hz, 
RR 
33 
48 
- 
32 
46 
- 
dB 


23 V " 
VI " 33 V, TJ 
~ 
+ 25°CI 


Dropout 
Voltage 
VI-VO 
- 
1.7 
- 
- 
1.7 
- 
Vdc 
(TJ = 
+25°CI 


MC78L24C. 
MC78L24AC 
ELECTRICAL 
CHARACTERISTICS 
IVI ~ 33 V, 10 ~ 40 mA, CI ~ 0.33 
"F, Co 
= 0.1 "F, 


ooe < TJ < 
+ 125°C unless otherwise 
noted.) 


MC78124AC 
MC78124C 


Ch.r.cteristic 
Symbol 
Min 
Typ 
Me. 
Min 
Typ 
MIX 
Unit 


Output 
Voltage 
(TJ = + 25°CI 
Vo 
23 
24 
25 
22.1 
24 
25.9 
Vdc 


Line Regulation 
Regline 
mV 
ITJ 
~ 
+ 25°C, 10 ~ 40 mAl 


27.5 Vdc " 
VI " 
38 Vdc 
- 
- 
- 
- 
35 
350 


28 Vdc " 
VI " 
80 Vdc 
- 
50 
300 
- 
30 
300 
27 Vdc " 
VI " 
38 Vdc 
- 
60 
350 
- 
- 
- 


Load Regulation 
Regload 
mV 
ITJ 
~ 
+ 25°C, 1.0 mA " 10" 
100 mAl 
- 
40 
200 
- 
40 
200 
ITJ 
~ 
+ 25°C, 1.0 mA os;:Ie.:!$; 40 mAl 
- 
20 
100 
- 
20 
100 


Output 
Voltage 
Vo 
I 


Vdc 
(28 Vdc" 
VI" 
38 Vdc, 1.0 mA" 
10" 40 mAl 
21.6 
- 
26.4 
(27 Vdc " VI " 38 Vdc, 1.0 mA " 10" 40 mAl 
22.8 
- 
! 
25.2 
128 Vdc " VI ~ 33 V, 1.0 mA " 10 " 70 mAl 
I 


21.6 
- 
26.4 
(27 Vdc " 
VI " 
33 V, 1.0 mA " 10 " 70 mAl 
22.8 
- 
25.2 


Input Bias Current 
liB 
I 
mA 
ITJ 
~ + 25°CI 
- 
3.1 
6.5 
- 
3.1 
6.5 
ITJ 
~ + 125°CI 
- 
- 
6.0 
- 
- 
6.0 


Input Bias Current Change 
~IIB 
mA 
128 Vdc '" VI " 38 Vdcl 
- 
- 
1.5 
- 
- 
1.5 
11.0 mA" 
10" 
40 mAl 
- 
- 
0.1 
- 
- 
0.2 


Output 
Noise Voltage 
(TA = + 25°C. 10 Hz ~ 
Vn 
- 
200 
- 
- 
200 
- 
"V 
f" 
100 kHzl 


Ripple 
Rejection 
110~ 40 mA, f ~ 120 Hz, 29 V " 
RR 
31 
45 
- 
30 
43 
- 
dB 
VI" 
35 V, TJ 
~ 
+ 25°CI 


Dropout 
Voltage 
VI-VO 
- 
1.7 
- 
- 
1.7 
- 
Vdc 
(TJ 
~ 
+25°CI 


TYPICAL 
CHARACTER ISTICS 


IT A = +2SoC unless otherwise noted.} 


~ 
0~ 
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FIGURE 5 - MAXIMUM 
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Design 
Consideretions 
The MC78LOOSeries of fixed voltage 
regulators 
are 
designed with Thermal 
Overload Protection that shuts 
down the circuit when subjected to an excessive power 
overload 
condition. 
Internal 
Short-Circuit 
Protection 
limits the maximum 
current the circuit will pass. 
In many low current applications, 
compensation 
ca- 
pacitors are not required. However, it is recommended 
that the regulator 
input be bypassed with a capacitor if 
the regulator 
is connected 
to the power 
supply 
filter 
with long wire lengths, or if the output load capacitance 
is large. The input bypass capacitor should be selected 


FIGURE 
7 - CURRENT REGULATOR 


Constant 
Current to 
Grounded 
Load 


The MC78LOO regulators 
can also be used as a current 
source when 
connected 
as above. In order to minimize 
dissipation 
the MC78L05C is 
chosen in this application. 
Resistor Rdetermines 
the current as follows: 


For 
example, 
a 
100 
mA 
current 
source 
would 
require 
A 
to 
be a 


50-ohm, 
1/2-W 
resistor 
and 
the 
output 
voltage 
compliance 
would 
be the input 
voltage 
less 7 volts. 


to provide good high-frequency 
characteristics to insure 
stable operation 
under all load conditions. 
A 0.33 ILF or 
larger tantalum, 
mylar, or other capacitor 
having 
low 
internal impedance 
at high frequencies 
should be cho- 
sen. The bypass capacitor should be mounted 
with the 
shortest 
possible 
leads directly 
across the regulators 
input terminals. 
Good construction 
techniques 
should 
be used to minimize 
ground 
loops and lead resistance 
drops since the regular has no external sense lead. By- 
passing the output 
is also recommended. 


FIGURE 
8 - 
; 15 V TRACKING 
VOLTAGE 
REGULATOR 


Input:f: 
MC78LXX 1:Output 


CI" 
~ 
Co" 
033IJF 
± 
_ 


A 
common 
ground 
is required 
between 
the 
Input 
and 
the 
output 
voltages. 
The 
input 
volt- 


age must 
remain 
typically 
2.0 
V above 
the out- 
put 
voltage 
even 
during 
the 
low 
point 
on 
the 


input 
ripple 
voltage . 


• 
= Cj 
is required 
if 
regulator 
is located 
an 


appreciable 
distance 
from 
power 
supply 


filter 
. 


•• 
= Co 
is not 
needed 
for 
stability; 
however, 
it does improve 
transient 
response. 


® MOTOROLA 


THREE-TERMINAL MEDIUM CURRENT 
POSITIVE VOLTAGE REGULATORS 


The MC78MOO Series positive voltage 
regulators 
are identical 
to the popular MC7800 Series devices, except that they are spec- 
ified for only half the output 
current. 
Like the MC7800 devices, 


the MC78MOOthree-terminal 
regulators are intended for local, on- 


card voltage regulation. 
Internal current limiting, 
thermal 
shutdown 
circuitry 
and safe- 
area compensation 
for the internal 
pass transistor 
combine 
to 
make these devices remarkably rugged under most operating con- 
ditions. 
Maximum 
output 
current, with adequate heatsinking 
is 
500 mA. 


• 
No External Components 
Required 


• 
Internal Thermal Overload Protection 


• 
Internal Short-Circuit 
Current Limiting 


• 
Output Transistor 
Safe-Area Compensation 


Input 


16 k 


100 


1.0 k 
200 


3.0 k 


10 
300 
pF 


13 
0.24 


50 
200 
Output 


MC78M05B,C 
5.0 Volts 
MC78M06B,C 
6.0 Volts 
MC78M08B,C 
8.0 Volts 


TYPE NONOLTAGE 


MC78M 
12B,C 
12 Volts 


MC78M15B,C 
15 Volts 
MC78M18B,C 
18 Volts 


MC78MOO 
Series 


THREE-TERMINAL 
MEDIUM 
CURRENT 
POSITIVE 
FIXED 
VOLTAGE 
REGULATORS 


PIN 1. INPUT I 


2. OUTPUT 
3. GROUND 
,A 
321 
1U 
3 


(Boltom 
View) 


G SUFFIX 
METAL 
PACKAGE 


CASE 79-05 


T SUFFIX 
PLASTIC 
PACKAGE 
CASE 
221A-04 


(All 
3 Plastic 
Typesl 


PIN 1. INPUT 
2. GROUND 
3. OUTPUT 


(Heatsink 
surface 
connected 
to Pin 2) 


'" 3 


DT-1 SUFFIX 
PLASTIC 
PACKAGE 
CASE 369-03 
DPAK 


DT SUFFIX 
PLASTIC 
PACKAGE 
CASE 
369A-03 
DPAK 


ORDERING 
INFORMATION 
~ 


Tested 
Operating 


PackageI 
Device 
Junction 
Temp. 
Range 


MC78MXXCG- 
Metal 
Can 


TJ 
= QOCto 
1- 
MC78MXXCDP- 
DPAK 
MC78MXXCDT-," 
+ 125°C 
I- 


Plastic 
MC78MXXCT 
Power 


MC78MXXBT# 
TJ = -40 


cC 
to 
Plastic 


+ 12S"C 
Power 


XX 
Indicates 
nominal 
voltage 
. 


• 
Available 
in 5, 8.12 
and 
15 volt 
devices 
. 


•• 
Available 
in 5. 12 and 
15 volt 
devices. 


1/ 
Automotive 
temperature 
range 
selections 
are 


available 
with 
special 
test 
conditions 
and 


additional 
tests 
in 5. 8. 12 and' 
5 volt 
devices. 


Contact 
your 
local 
Motorola 
sales 
oHice 
for 


information. 


II 


Input 
Voltage 
(5.0 V- 18 VI 
VI 
35 
Vdc 


(20 V-24 
VI 
40 


Power 
Dissipation 
(Package 
Limitation) 


Plastic 
Package 


TA 
= 25"C 
PD 
Internally 
Limited 


Derate 
above 
T A = 25"C 
9JA 
70 
"CIW 


TC ~ 
25"C 
PD 
Internally 
Limited 


Derate 
above 
TC = 
'10"C 
9JC 
5.0 
"CIW 


Metal 
Package 


TA 
~ 
25"C 
PD 
Internally 
Limited 


Derate 
above 
TA 
~ 
25"C 
9JA 
185 
"CIW 


TC = 25"C 
PD 
Internally 
Limited 


Derate 
above 
T C = 85"C 
9JC 
25 
"CIW 


Operating 
Junction 
Temperature 
Range 
MC78MXXC 
TJ 
o to 
+150 
"C 


MC78MXXB 
-40 
to 
+ 150 


Storage 
Temperature 
Range 
TStQ 
-65 
to 
+ 150 
"C 


MC78M05 
ELECTRICAL CHARACTERISTICS 
(VI ~ 
10 V, 10 = 350 mA, 
O"C < TJ < + 125"C, 
PD" 
5.0 W unless 
otherwise 


noted.1 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(TJ ~ 
+ 25"CI 
Va 
4.8 
5.0 
5.2 
Vdc 


Line Regulation 
Regline 
- 
3.0 
50 
mV 


(TJ 
~ 
+ 25"C, 7.0 Vdc 
" 
VI " 
25 Vdc, 
10 = 200 mAl 


Load 
Regulation 
Regload 
mV 


(TJ = 
+ 25"C, 5.0 mA 
" 
10 " 
500 mAl 
- 
20 
100 


(TJ 
~ 
+ 25"C, 5.0 mA 
" 
10 " 
200 mAl 
- 
10 
50 


Output 
Voltage 
Va 
4.75 
- 
5.25 
Vdc 


(7.0 Vdc 
" 
VI " 
25 Vdc, 
5.0 mA 
" 
10 " 
200 mAl 


(7.0 Vdc 
" 
VI " 
20 Vdc, 
5.0 mA 
" 
10 " 
350 mAl 


Input 
Bias Current 
(T J = 
+ 25"CI 
liB 
- 
3.2 
6.0 
mA 


Quiescent 
Current 
Change 
~IIB 
mA 
(8.0 Vdc 
" 
VI " 
25 Vdc, 
10 ~ 
200 mAl 
- 
- 
0.8 


(5.0 mA 
" 
10 " 
350 mAl 
- 
- 
0.5 


Output 
Noise 
Voltage 
(T A = 
+ 25"C, 
10Hz" 
f " 
100 kHzl 
Vn 
- 
40 
- 
/-,V 


Ripple 
Rejection 
(T, DT and 
DT-l 
suffixes 
onlyl 
RR 
dB 
(10 
~ 
100 mA, 
f = 120 Hz, 8.0 V " 
VI " 
18 VI 
62 
- 
- 


(10 = 300 mA, 
f ~ 
120 Hz, 8.0 "VI" 
18 V, TJ = 25"CI 
62 
80 
- 


Dropout 
Voltage 
VI-Va 
- 
2.0 
- 
Vdc 
(TJ 
~ 
+ 25"C) 


Short 
Circuit 
Current 
Limit 
(TJ ~ + 25"C, VI 
~ 35 VI 
10S 
- 
50 
- 
mA 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
~VoJ~T 
- 
±0.2 
- 
mvrc 
(10 = 5.0 mAl 


Peak Output 
Current 
10 
- 
700 
- 
mA 
(TJ 
~ 
25"CI 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(TJ = 
+ 25°C) 
Vo 
5.75 
6.0 
6.25 
Vdc 


Line 
Regulation 
Regline 
- 
5.0 
50 
mV 


(TJ = 
+ 25°C, 8.0 Vdc '" VI '" 25 Vdc, 10 = 200 mAl 


Load 
Regulation 
Regload 
mV 


(TJ = 
+ 25°C, 5.0 mA 
'" 10 '" 500 mAl 
- 
20 
120 


(TJ ~ 
+ 25°C, 5.0 mA 
'" 10 '" 200 mAl 
- 
10 
60 


Output 
Voltage 
Vo 
5.7 
- 
6.3 
Vdc 


(8.0 Vdc '" VI '" 25 Vdc, 5.0 mA 
'" 10 '" 200 mAl 
(8.0 Vdc '" VI '" 21 Vdc, 
5.0 mA 
'" 10 '" 350 mAl 


Input 
Bias Current 
(TJ 
~ 
+ 25°CI 
liB 
- 
3.2 
6.0 
mA 


Quiescent 
Current 
Change 
t.IIB 
mA 


(9.0 Vdc 
'" VI '" 25 Vdc, 10 = 200 mAl 
- 
- 
0.8 


(5.0 mA 
'" 10 '" 350 mAl 
- 
- 
0.5 


Output 
Noise 
Voltage 
(TA = 
+25°C, 
10 Hz '" 1 '" 100 kHz) 
Vn 
- 
45 
- 
,.V 


Ripple 
Rejection 
(T suffix 
only) 
RR 
dB 


(10 = 
100 mA, 1 ~ 120 Hz, 9.0 V", 
VI '" 
19 VI 
59 
- 
- 
(10 = 300 mA, 1 = 120 Hz, 9.0 V", 
VI '" 
19 V, TJ 
~ 25°CI 
59 
80 
- 


Oropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 
(TJ = 
+ 25°C) 


Short 
Circuit 
Current 
Limit 
(TJ ~ 
+ 25°C, VI ~ 35 VI 
10S 
- 
50 
- 
mA 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
t.VOlt.T 
- 
±0.2 
- 
mVrC 


(10 = 5.0 mAl 


Peak Output 
Current 
10 
- 
700 
- 
mA 


(TJ = 25°C) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(TJ = 
+ 25°CI 
Vo 
7.7 
8.0 
8.3 
Vdc 


Line Regulation 
Regline 
- 
6.0 
50 
mV 


(TJ 
~ 
+25°C, 
10.5 Vdc '" VI'" 
25 Vdc, 10 = 200 mAl 


Load 
Regulation 
Regload 
mV 


(TJ = 
+ 25°C, 5.0 mA 
'" 10 '" 500 mAl 
- 
25 
160 


(TJ = 
+ 25°C, 5.0 mA 
'" 10 '" 200 mAl 
- 
10 
80 


Output 
Voltage 
Vo 
7.6 
- 
8.4 
Vdc 


(10.5 Vdc '" VI '" 25 Vdc, 5.0 mA 
'" 10 '" 200 mAl 
(10.5 Vdc '" VI '" 23 Vdc, 5.0 mA 
'" 10 '" 350 mAl 


Input 
Bias Current 
(TJ 
~ 
+ 25°CI 
liB 
- 
3.2 
6.0 
mA 


Quiescent 
Current 
Change 
t.IIB 
mA 


(10.5 Vdc 
'" VI '" 25 Vdc, 
10 ~ 200 mAl 
- 
- 
0.8 


(5.0 mA 
'" 10 '" 350 mAl 
- 
- 
0.5 


Output 
Noise 
Voltage 
(TA 
~ 
+ 25°C, 10Hz'" 
1 '" 100 kHzl 
Vn 
- 
52 
- 
,.V 


Ripple 
Rejection 
(T suffix 
onlyl 
RR 
dB 


(10 = 100 mA, 1 = 120 Hz, 11.5 V '" VI'" 
21.5 VI 
56 
- 
- 


(10 = 300 mA, 1 = 120 Hz, 11.5 V '" VI '" 21.5 V, TJ = 25°CI 
56 
80 
- 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 


ITJ = 
+ 25°CI 


Short 
Circuit 
Current 
Limit 
ITJ = 
+ 25°C, VI ~ 35 VI 
10S 
- 
50 
- 
mA 


Average 
Temperature 
Coefficient 
01 Output 
Voltage 
t.VOlt.T 
- 
±0.2 
- 
mVrC 
(10 ~ 
5.0 mAl 


Peak Output 
Current 
10 
- 
700 
- 
mA 
(TJ 
~ 25°CI 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
ITJ 
~ 
+ 25·CI 
Vo 
11.5 
12 
12.5 
Vdc 


Line Regulation 
Regline 
- 
8.0 
50 
mV 


ITJ 
~ 
+25·C, 
14.5 Vdc '" VI'" 
30 Vdc, 10 = 200 mAl 


Load 
Regulation 
Regload 
mV 


ITJ 
~ 
+ 25·C, 5.0 mA 
'" 
10 '" 500 mAl 
- 
25 
240 


ITJ = 
+ 25·C, 5.0 mA 
'" 10 '" 200 mAl 
- 
10 
120 


Output 
Voltage 
Vo 
11.4 
- 
12.6 
Vdc 


114.5 Vdc 
'" VI '" 27 Vdc, 5.0 mA 
'" 10 '" 350 mAl 


Input 
Bias Current 
(TJ ~ 
+ 25·C) 
liB 
- 
3.2 
6.0 
mA 


Quiescent 
Current 
Change 
~IIB 
mA 


(14.5 Vdc '" VI '" 30 Vdc, 
10 = 200 mAl 
- 
- 
0.8 


(5.0 mA 
'" 10 '" 350 mAl 
- 
- 
0.5 


Output 
Noise 
Voltage 
ITA 
~ 
+25·C, 
10 Hz '" 1 '" 
100 kHz) 
Vn 
- 
75 
- 
I'V 


Ripple 
Rejection 
(T, DT and DT-1 suffixes 
only) 
RR 
dB 


(10 = 100 mA, 
1 = 120 Hz, 15 V '" VI '" 25 VI 
55 
- 
- 


(10 
~ 300 mA, 
1 = 120 Hz, 15 V '" VI '" 25 V. TJ = 25·CI 
55 
80 
- 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 


ITJ = 
+ 25·C) 


Short 
Circuit 
Current 
Limit 
ITJ = 
+ 25·C, VI ~ 35 V) 
105 
- 
50 
- 
mA 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
~VQI~T 
- 
:!:0.3 
- 
mvrc 


(10 = 5.0 mAl 


Peak Output 
Current 
10 
- 
700 
- 
mA 
ITJ = 25·C) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(TJ ~ 
+ 25·CI 
Vo 
14.4 
15 
15.6 
Vdc 


Input 
Regulation 
Regline 
- 
10 
50 
mV 
ITJ = 
+ 25·C, 17.5 Vdc '" VI '" 30 Vdc, 10 ~ 200 mAl 


Load 
Regulation 
Regload 
mV 
ITJ = 
+ 25·C, 5.0 mA 
'" 10 '" 500 mAl 
- 
25 
300 
ITJ 
~ 
+ 25·C, 5.0 mA 
'" 10 '" 200 mAl 
- 
10 
150 


Output 
Voltage 
Vo 
14.25 
- 
15.75 
Vdc 


117.5 Vdc 
'" VI '" 30 Vdc, 
5.0 mA 
'" 10 '" 350 mAl 


Input 
8ias Current 
ITJ ~ 
+ 25·C) 
liB 
- 
3.2 
6.0 
mA 


Quiescent 
Current 
Change 
~IIB 
mA 
117.5 Vdc 
'" VI '" 30 Vdc, 
10 = 200 mAl 
- 
- 
0.8 


(5.0 mA 
'" 
10 '" 350 mAl 
- 
- 
0.5 


Output 
Noise 
Voltage 
ITA 
~ 
+25·C, 
10 Hz '" 1 '" 100 kHzl 
Vn 
- 
90 
- 
I'V 


Ripple 
Rejection 
(T, DT and DT-1 suffixes 
only) 
RR 
dB 


(10 ~ 
100 mA, 1 ~ 
120 Hz, 18.5 V'" 
VI '" 28.5 V) 
54 
- 
- 
(10 = 300 mA, 1 = 120 Hz, 18.5 V'" 
VI '" 28.5 V, TJ ~ 25·CI 
54 
70 
- 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 


ITJ = 
+25·C) 


Short 
Circuit 
Current 
Limit 
(TJ = 
+ 25·C, VI = 35 VI 
105 
- 
50 
- 
mA 


Average 
Temperature 
Coefficient 
01 Output 
Voltage 
~VO/~T 
- 
:!:0.3 
- 
mvrc 
(10 = 5.0 mAl 


Peak Output 
Current 
10 
- 
700 
- 
mA 
ITJ = 25·C) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(TJ = + 25°C) 
Vo 
17.3 
18 
18.7 
Vdc 


Line Regulation 
Regline 
- 
10 
50 
mV 


(TJ = + 25°C, 21 Vdc 
'" VI '" 33 Vdc, 
10 = 200 mAl 


Load 
Regulation 
Regload 
mV 


(T J = + 25°C, 5.0 mA 
'" 
10 '" 500 mAl 
- 
30 
360 


(T J = + 25°C, 5.0 mA 
'" 
10 '" 200 mAl 
- 
10 
180 


Output 
Voltage 
Vo 
17.1 
- 
18.9 
Vdc 


(21 Vdc 
'" VI '" 33 Vdc, 
5.0 mA 
'" 10 '" 350 mAl 


Input 
Bias 
Current 
(TJ = + 25°CI 
liB 
- 
3.2 
6.5 
mA 


Quiescent 
Current 
Change 
611B 
mA 


(21 Vdc 
'" VI '" 33 Vdc, 
10 = 200 mAl 
- 
- 
0.8 


(5.0 mA 
'" 
10 '" 350 mAl 
- 
- 
0.5 


Output 
Noise 
Voltage 
(TA = + 25°C, 10Hz'" 
1 '" 100 kHz) 
Vn 
- 
100 
- 
p.V 


Ripple 
Rejection 
(T suffix 
onlyl 
RR 
dB 


(10 = 100 mA, 1 ~ 
120 Hz, 22 V '" VI '" 32 VI 
53 
- 
- 


(10 = 300 mA, 1 ~ 
120 Hz, 22 V '" VI '" 32 V, TJ = 25°CI 
53 
70 
- 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 


(TJ 
= + 25°CI 


Short 
Circuit 
Current 
Limit 
(T J = + 25°C, VI = 35 VI 
105 
- 
50 
- 
mA 


Average 
Temperature 
Coefficient 
01 Output 
Voltage 
6VO/6T 
- 
±0.3 
- 
mVrC 


(10 = 5.0 mAl 


Peak Output 
Current 
10 
- 
700 
- 
mA 


(TJ 
~ 
25°CI 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(T J ~ 
+ 25°CI 
Vo 
19.2 
20 
20.8 
Vdc 


Line Regulation 
Regline 
- 
10 
50 
mV 


(T J = + 25°C, 23 Vdc 
'" VI '" 35 Vdc, 
10 ~ 
200 mAl 


Load 
Regulation 
Regload 
mV 


(TJ 
= + 25°C, 5.0 mA 
'" 10 '" 500 mAl 
- 
30 
400 


(T J = + 25°C, 5.0 mA 
'" 
1(1 '" 200 mAl 
- 
10 
200 


Output 
Voltage 
Vo 
19 
- 
21 
Vdc 


(23 Vdc 
'" VI '" 35 Vdc, 
5.0 mA 
'" 
10 '" 350 mAl 


Input 
Bias 
Current 
(TJ 
= + 25°C) 
liB 
- 
3.2 
6.5 
mA 


Ouiescent 
Current 
Change 
611B 
mA 


(23 Vdc 
'" VI '" 35 Vdc, 
10 = 200 mAl 
- 
- 
0.8 


(5.0 mA 
'" 
10 '" 350 mAl 
- 
- 
0.5 


Output 
Noise 
Voltage 
(TA = + 25°C, 10Hz'" 
1 '" 100 kHzl 
Vn 
- 
110 
- 
p.V 


Ripple 
Rejection 
(T suffix 
only) 
RR 
dB 


(10 
~ 
100 mA, 1 = 120 Hz, 24 V'" 
VI'" 
34 VI 
52 
- 
- 
(10 
~ 
300 mA, 1 = 120 Hz, 24 V '" VI '" 34 V, TJ ~ 
25°CI 
52 
70 
- 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 
(TJ 
~ 
+ 25°C) 


Short 
Circuit 
Current 
Limit 
(TJ = + 25°C, VI ~ 
35 VI 
105 
- 
50 
- 
mA 


Average 
Temperature 
Coefficient 
01 Output 
Voltage 
6VO/6T 
- 
±0.5 
- 
mVrC 
(10 = 5.0 mAl 


Peak Output 
Current 
10 
- 
700 
- 
mA 
(TJ 
= 25°C) 


II 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage (TJ = + 25°C) 
Vo 
23 
24 
25 
Vdc 


Line Regulation 
Regline 
- 
10 
50 
mV 
(TJ = + 25°C,27 Vdc '" VI '" 38 Vdc, 10 ~ 200 mAl 


load Regulation 
Regload 
mV 
(TJ = + 25°C,5.0 mA '" 10 '" 500 mAl 
- 
30 
480 
(TJ ~ + 25°C,5.0 mA '" 10 '" 200 mAl 
- 
10 
240 


Output Voltage 
Vo 
22.8 
- 
25.2 
Vdc 
(27 Vdc '" VI '" 38 Vdc, 5.0 mA '" 10 '" 350 mAl 


Input Bias Current (TJ = + 25°C) 
liB 
- 
3.2 
7.0 
mA 


Ouiescent 
Current 
Change 
dilB 
mA 
(27 Vdc '" VI '" 38 Vdc, 10 = 200 mAl 
- 
- 
0.8 
(5.0 mA '" 10 '" 350 mAl 
- 
- 
0.5 


Output Noise Voltage (TA = +25°C,10Hz'" 
f '" 100 kHz) 
Vn 
- 
170 
- 
p.V 


Ripple Rejection (T suffix only) 
RR 
dB 
(10 = 100 mA, f ~ 120 Hz, 28 V '" VI '" 38 VI 
50 
- 
- 
(10 ~ 300 mA, f = 120 Hz, 28 V '" VI '" 38 V, TJ = 25°C) 
50 
70 
- 


Dropout Voltage 
VI-VO 
- 
2.0 
- 
Vdc 
(TJ = + 25°C) 


Short Circuit Current Limit (TJ = +25°C) 
10S 
- 
50 
- 
mA 


Average Temperature Coefficient of Output Voltage 
dVO/dT 
- 
~0.5 
- 
mVrC 
(10 = 5.0 mAl 


PeakOutput Current 
10 
- 
700 
- 
mA 
(TJ = 25°CI 


Line Regulation 
- 
The change 
in output 
voltage 
for a 
change in the input voltage. The measurement 
is made 
under 
conditions 
of low dissipation 
or by using 
pulse 
techniques 
such that the average 
chip temperature 
is 
not significantly 
affected. 


Load Regulation 
- 
The change in output voltage 
for a 
change in load current 
at constant 
chip temperature. 


Maximum 
Power 
Dissipation 
- 
The maximum 
total 
device dissipation 
for which 
the regulator 
will 
operate 
within 
specifications. 


Input Bias Current - 
That part of the input current that 
is not delivered 
to the load. 


Output Noise Voltage - 
The rms ac voltage 
at the out- 


put, with 
constant 
load and no input 
ripple, 
measured 
over a specified 
frequency 
range. 


Long Term Stability 
- 
Output 
voltage 
stability 
under 
accelerated life test conditions 
with the maximum 
rated 
voltage 
listed 
in the devices' 
electrical 
characteristics 
and maximum 
power dissipation. 


FIGURE1 - 
WORSTCASEPOWERDISSIPATION 
versus AMBIENT TEMPERATURE 
TO-220AB(CASE221A) 
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FIGURE2 - 
WORSTCASEPOWERDISSIPATION 
versus AMBIENT TEMPERATURE 
(CASE79) 
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DESIGN 
CONSIDERATIONS 
The MC78MOO Series of fixed voltage 
regulators 
are 
designed 
with Thermal 
Overload 
Protection 
that shuts 
down the circuit when subjected to an excessive power 
overload condition, 
Internal Short Circuit Protection that 
limits 
the maximum 
current 
the circuit 
will 
pass, and 
Output 
Transistor 
Safe-Area 
Compensation 
that 
reduces the output 
short circuit current 
as the voltage 
across the pass transistor 
is increased. 


In many 
low 
current 
applications, 
compensation 
capacitors 
are 
not 
required. 
However, 
it 
is recom- 
mended 
that the regulator 
input 
be bypassed 
with 
a 
capacitor 
if the regulator 
is connected to the power sup- 


hR 
Constant 
'1 • 
Current to 


IQ 
Grounded Load 


The 
Me78MOD 
regulators 
can also be used 
as a current 
source 
when 
connected 
as above. 
In order 
to minimize 
dissipation 
the 
MC78M05C 
is chosen 
in this application. 


Resistor 
R determines 
the current 
as follows: 


Input ~ 
MC78M05C 


0.33/LF1 
? 


10 = 5.0 V + liB 
R 
liB = 1.5 mA over line and load changes 


For example, 
a 500 mA current 
source 
would 
require 
A to 
be a 10 ohm, 
10 W resistor 
and the output 
voltage 
com- 


pliance 
would 
be the input 
voltage 
less 7.0 volts. 


'"""'Dr' 
~ 
~""'t 
~o"'~' 


1.0/LF+ 
-=- 
+0.1/LF 


XX ~ 2 digits of type number indicating voltage. 


The MC78MOOseries can be current boosted with a PNP 
transistor. 
The 
MJ2955 
provides 
current 
to 5.0 amperes. 


Resistor R in conjunction with the VBEof the PNPdeter- 
mines 
when 
the 
pass transistor 
begins 
conducting; 
this 
circuit 
is not short 
circuit 
proof. 
Input 
output 
differential 
voltage 
minimum 
is increased 
by 
VSE 
of 
the 
pass 
transistor. 


ply filter 
with 
long wire 
lengths, 
or if the output 
load 
capacitance 
is large. An input bypass capacitor 
should 
be selected to provide 
good high frequency 
character- 


istics to insure 
stable operation 
under all load condi- 
tions. 
A 0.33 
J.LF or 'Iarger 
tantalum, 
mylar, 
or other 
capacitor 
having 
low 
internal 
impedance 
at high fre- 
quencies 
should 
be chosen. 
The bypass 
capacitor 
should 
be mounted 
with 
the shortest 
possible 
leads 
directly across the regulators 
input terminals. 
Normally 
good construction 
techniques 
should 
be used to mini- 
mize ground 
loops and lead resistance drops since the 
regulator 
has no external 
sense lead. 


FIGURE10- 
ADJUSTABLEOUTPUTREGULATOR 


YO' 7.0 V to 20 V 
VIN 
Vo '" 2.0 V 


The 
addition 
of an operational 
amplifier 
allows 
adjust- 


ment to higher 
or intermediate 
values 
while 
retaining 
reg- 


ulation 
characteristics. 
The 
minimum 
voltage 
obtainable 
with 
this arrangement 
is 2.0 volts greater 
than 
the regu- 


lator voltage. 


The circuit 
of Figure 
7 can be modified 
to provide 
supply 
protection 
against 
short 
circuits 
by adding 
s short 
circuit 
sense 
resistor. 
Rsc. and an additional 
PNP transistor. 
The 
current sensing PNP must be able to handle the short- 
circuit 
current 
of the three-terminal 
regulator. 
Therefore. 


a two-ampere 
plastic 
power 
transistor 
is specified. 


® MOTOROLA 


Specifications 
and Applications 
Information 


This family 
of fixed voltage 
regulators 
are monolithic 
integrated 
circuits 
capable 
of driving 
loads in excess of 3.0 amperes. 
These 
three-terminal 
regulators 
employ 
internal 
current 
limiting, 
ther- 
mal shutdown, 
and safe-area 
compensation. 
Devices are available 
with 
improved 
specifications, 
including 
a 2% output 
voltage 
tol- 
erance, 
on AC-suffix 
5.0, 12 and 15 volt 
device 
types. 
Although 
designed 
primarily 
as a fixed voltage 
regulator, 
these 
devices 
can be used with 
external 
components 
to obtain 
adjust- 
able voltages 
and currents. 
This 
series 
of devices 
can be used 
with 
a series-pass 
transistor 
to supply 
up to 15 amperes 
at the 
nominal 
output 
voltage. 


• 
Output 
Current 
in Excess of 3.0 Amperes 


• 
Power 
Dissipation: 
30 W (K-Suffixl, 
25 W (T-Suffix) 


• 
No External 
Components 
Required 


• 
Output 
Voltage 
Offered 
in 2% and 4% Tolerance* 


• 
Thermal 
Regulation 
is Specified 


• 
Internal 
Thermal 
Overload 
Protection 


• 
Internal 
Short-Circuit 
Current 
Limiting 


• 
Output 
Transistor 
Safe-Area 
Compensation 


Rating 
Symbol 
Value 
Unit 


Input Voltage 15.0V- I 2 V) 
Vin 
35 
Vdc 
115VI 
40 


Power 
Dissipation 
and Thermal 
Characteristics 
Plastic Package INote 1) 
TA ~ +25°C 
PD 
Internally Limited 
Thermal 
Resistance, 
Junction 
to Air 
ROJA 
65 
°CIW 
TC ~ +25°C 
PD 
Internally 
Limited 
Thermal 
Resistance, 
Junction 
to Case 
ROJC 
2.5 
°CIW 
Metal Package INote 1) 
TA ~ +25°C 
PD 
Internally Limited 
Thermal 
Resistance, 
Junction 
to Air 
R8JA 
35 
°CIW 
TC = +25°C 
PD 
Internally 
Limited 
Thermal 
Resistance, 
Junction 
to Case 
ROJC 
2.5 
°CIW 


Storage 
Junction 
Temperature 
Range 
Tsto 
-65 to + 150 
°C 


Operating 
Junction 
Temperature 
Range 
TJ 
o to +150 
°c 
MC78TOOC,AC 


NOTE: 


1. 
Although 
power 
dissipation 
is internally 
limited. 
specifications 
apply 
only 
for Po ~ Pmax. 
Pm ax = 30 W for 
K package 
Pmax 
= 25 W for T package. 


TYPE NO.NOLTAGE 


5.0 Volts 
MC78T12 
8.0 Volts 
MC78T15 


MC78TOO 
Series 


THREE-AMPERE 
POSITIVE 
FIXED 
VOLTAGE 
REGULATORS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1-03 


PIN I. INPUT 
2. OUTPUT 
CASE GROUND 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A-04 


PIN I. INPUT 
2. GROUND 
3. OUTPUT 


(Heatsink 
surface 
connected 
to 
Pin 2) 


ORDERING 
INFORMATION 


Tested 
Output 
Operating 
Voltage 
Junction 
Device 
Tolerance 
Temp. 
Range 
Package 


MC78TXXCK 
4% 
Metal 
MC78TXXACK 
2%* 
Power 
a to + 125°C - 
MC78TXXCT 
4% 
Plastic 
MC78TXXACT 
2%* 
Power 


MC78TXX8T# 
4% 
-40 to 
Plastic 
MC78TXXABT# 
2%· 
+ 125°C 
Power 


XX 
Indicates 
nominal 
voltage 
. 
•• 2% 
regulators 
are 
available 
in 5, 12 and 
15 volt 
devices. 


#Automotive 
temperature 
range 
selections 
are 
available 
with 
special 
test 
conditions 
and 
additional 
tests. 
Contact 
your 
local 
Motorola 
sales 
office 
for 
information. 


II 


• 


MC78T05AC 
MC78T05C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
Vo 
Vdc 


15.0 mA 
'" 
10 '" 3.0 A, TJ = 
+ 25°CI 
4.9 
5.0 
5.1 
4.8 
5.0 
5.2 


15.0 mA 
'" 
10 '" 3.0 A; 
4.8 
5.0 
52 
4.75 
5.0 
5.25 


5.u mA 
'" 10 '" 2.0 A, 7.3 Vdc 
'" Vin 
'" 20 Vdc) 


Line 
Regulation 
INote 
2) 
Regline 
- 
3.0 
25 
- 
3.0 
25 
mV 


(7.2 Vdc 
'" Vin 
'" 35 Vdc, 
10 ~ 
5.0 mA, 
TJ 
~ 
+ 25°C; 


7.2 Vdc 
'" Vin 
'" 35 Vdc, 
10 ~ 
1.0 A, TJ 
~ 
+ 25°C; 
8.0 Vdc 
'" Vin 
'" 
12 Vdc, 
10 = 3.0 A, TJ = 
+25°C; 


7.5 Vdc 
'" Vin 
'" 20 Vdc, 
10 = 
1.0 AI 


Load 
Regulation 
(Note 
21 
Regload 
mV 


15.0 mA 
'" 
10 '" 3.0 A, TJ 
~ 
+ 25°CI 
- 
10 
30 
- 
10 
30 


15.0 mA 
'" 
10 '" 3.0 A) 
- 
15 
80 
- 
15 
80 


Thermal 
Regulation 
Regtherm 
- 
0.001 
0.01 
- 
0.002 
0.03 
%VOiW 
IPulse 
= 
10 ms, 
P ~ 
20 W, TA 
~ 
+ 25°C) 


Quiescent 
Current 
IB 
mA 


(5.0 mA 
'" 
10 '" 3.0 A, TJ = 
+ 25°CI 
- 
3.5 
5.0 
- 
3.5 
5.0 


(5.0 mA 
'" 
10 '" 3.0 A) 
- 
4.0 
6.0 
- 
4.0 
6.0 


Quiescent 
Current 
Change 
alB 
- 
0.3 
1.0 
- 
0.3 
1.0 
mA 


(7.2 Vdc 
'" Vin 
'" 35 Vdc, 
10 ~ 
5.0 mA, 
T J ~ +25°C; 


5.0 mA 
'" 
10 '" 3.0 A, TJ 
~ 
+ 25°C; 
7.5 Vdc 
'" Vin 
'" 20 Vdc, 
10 ~ 
1.0 AI 


Ripple 
Rejection 
RR 
62 
75 
- 
62 
75 
- 
dB 


(8.0 Vdc 
'" Vin 
'" 
18 Vdc, 
I ~ 
120 Hz, 
10 ~ 
2.0 A, TJ = 25°C) 


Dropout 
Voltage 
110 ~ 
3.0 A, TJ ~ 
+ 25°CI 
Vin-VO 
- 
2.2 
2.5 
- 
2.2 
2.5 
Vdc 


Output 
Noise 
Voltage 
Vn 
- 
10 
- 
- 
10 
- 
/J.VNO 
(10 Hz '" I '" 
100 kHz, TJ 
~ 
+25°C) 


Output 
Resistance 
(I = 
1.0 kHz) 
RO 
- 
2.0 
- 
- 
2.0 
- 
mn 


Short 
Circuit 
Current 
Limit 
ISC 
- 
1.5 
- 
- 
1.5 
- 
A 
(Vin 
~ 
35 Vdc, 
TJ = 
+ 25°C) 


Peak Output 
Current 
(TJ 
~ 
+ 25°CI 
Imax 
- 
5.0 
- 
- 
5.0 
- 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
0.2 
- 
- 
0.2 
- 
mvrc 
110 ~ 
5.0 mAl 


NOTES: 


1. 
Although 
power 
dissipation 
is internally 
limited. 
specifications 
apply 
only 
for Po ~ Pmax. 


Pmax 
= 30 W for 
K package 
Pmax 
= 
25 W for 
T package 


2. 
Line 
and 
load 
regulation 
are 
specified 
at constant 
junction 
temperature. 
Changes 
in Va due 
to heating 
effects 
must 
be taken 
into 
account 


separately. 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


MC78T08C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
Vo 
Vdc 


15.0 mA 
'" 10 '" 3.0 A, TJ = 
+ 25°CI 
7.7 
8.0 
8.3 


15.0 mA 
'" 10 '" 3.0 A; 
7.6 
8.0 
8.4 


5.0 mA 
'" 10 '" 2.0 A, 10.4 Vdc 
'" Vin 
'" 23 Vdc) 


Line 
Regulation 
INote 
2) 
Regline 
- 
4.0 
35 
mV 


(10.3 Vdc 
'" Vin 
'" 35 Vdc, 
10 = 5.0 mA, 
TJ = 
+ 25°C; 


10.3 Vdc 
'" Vin 
'" 35 Vdc, 
10 = 
1.0 A, TJ = 
+ 25°C; 
11 Vdc 
'" Vin 
'" 
17 Vdc, 
10 = 3.0 A, TJ 
~ 
+25°C; 
10.7 Vdc 
'" Vin 
'" 23 Vdc, 
10 ~ 
1.0 A) 


Load 
Regulation 
INote 
2) 
Regload 
mV 


15.0 mA 
'" 
10 '" 3.0 A, TJ 
~ 
+ 25°C) 
- 
10 
30 


15.0 mA 
'" 10 '" 3.0 AI 
- 
15 
80 


Thermal 
Regulation 
Regtherm 
- 
0.002 
0.03 
%VOIW 
(Pulse 
~ 
10 ms, P ~ 
20 W, TA 
~ 
+ 25°CI 


Quiescent 
Current 
IB 
mA 


(5.0 mA 
'" 10 '" 3.0 A, TJ 
~. + 25°CI 
- 
3.5 
5.0 


(5.0 mA 
'" 
10 '" 3.0 A) 
- 
4.0 
6.0 


Quiescent 
Current 
Change 
AIB 
- 
0.3 
1.0 
mA 


(10.3 Vdc 
'" Vin 
'" 35 Vdc, 
10 ~ 
5.0 mA, 
TJ ~ +25°C; 


5.0 mA 
'" 
10 '" 3.0 A, TJ = 
+ 25°C; 
10.7 Vdc 
'" Vin 
'" 23 Vdc, 
10 ~ 
1.0 A) 


Ripple 
Rejection 
RR 
60 
71 
- 
dB 


III 
Vdc 
'" Vin 
'" 21 Vdc, 
I ~ 
120 Hz, 10 = 2.0 A, TJ = 25°C) 


Dropout 
Voltage 
(10 ~ 
3.0 A, TJ ~ 
+ 25°C) 
Vin-VO 
- 
2.2 
2.5 
Vdc 


Output 
Noise 
Voltage 
Vn 
- 
10 
- 
/J.VNO 


110 Hz '" I '" 
100 kHz, TJ = 
+ 25°CI 


Output 
Resistance 
II ~ 
1.0 kHz) 
RO 
- 
2.0 
- 
mil 


Short 
Circuit 
Current 
Limit 
ISC 
- 
1.5 
- 
A 


IVin = 35 Vdc, 
TJ ~ 
+ 25°CI 


Peak Output 
Current 
(TJ 
~ 
+25°CI 
Imax 
- 
5.0 
- 
A 


Average 
Temperature 
Coefficient 
01 Output 
Voltage 
(10 ~ 
5.0 mAl 
TCVO 
- 
0.3 
- 
mvrc 


NOTES: 


1. 
Although 
power 
dissipation 
is internally 
limited, 
specifications 
apply 
only 
for Po ,.;,;Pmax" 


Pmax 
= 30 W for 
K package 
Pmax 
= 25 W for 
T package 


2. 
Line 
and 
load 
regulation 
are 
specified 
at constant 
junction 
temperature. 
Changes 
in Va due 
to heating 
effects 
must 
be taken 
into 
account 


separately. 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


II 


MC78T12AC 
MC78T12C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
Vo 
Vdc 


15.0 mA '" 10 '" 3.0 A, TJ = + 25°CI 
11.75 
12 
12.25 
11.5 
12 
12.5 


15.0 mA 
'" 
10 '" 3.0 A; 
11.5 
12 
12.5 
11.4 
12 
12.6 


5.0 mA 
'" 
10 '" 2.0 A, 14.5 Vdc 
'" Vin 
'" 27 Vdcl 


Line 
Regulation 
(Note 
21 
Regline 
- 
6.0 
45 
- 
6.0 
45 
mV 


(14.5 Vdc 
'" "in'" 
35 Vdc, 
10 = 5.0 mA, 
TJ 
= + 25°C; 


14.5 Vdc 
'" Vin 
'" 35 Vdc, 
10 ~ 
1.0 A, TJ 
~ 
+ 25°C; 


16 Vdc 
'" Vin 
'" 22 Vdc, 
10 ~ 
3.0 A, TJ 
~ 
+ 25°C; 


14.9 Vdc 
'" Vin 
'" 27 Vdc, 
10 = 1.0 AI 


Load 
Regulation 
(Note 
21 
Regload 
mV 


(5.0 mA 
'" 
10 '" 3.0 A, TJ 
= + 25°C) 
- 
10 
30 
- 
10 
30 


(5.0 mA 
'" 
10 '" 3.0 A) 
- 
15 
80 
- 
15 
80 


Thermal 
Regulation 
Regtherm 
- 
0.001 
0.01 
- 
0.002 
0.03 
%VOIW 
(Pulse 
= 10 ms, 
P ~ 
20 W, TA 
= + 25°CI 


Quiescent 
Current 
IB 
mA 


(5.0 mA 
'" 10 '" 3.0 A, TJ 
= + 25°CI 
- 
3.5 
5.0 
- 
3.5 
5.0 


(5.0 mA 
'" 10 '" 3.0 AI 
- 
4.0 
6.0 
- 
4.0 
6.0 


Quiescent 
Current 
Change 
tolB 
- 
0.3 
1.0 
- 
0.3 
1.0 
mA 


(14.5 Vdc 
'" Vin 
'" 35 Vdc, 
10 ~ 
5.0 mA, 
TJ 
~ 
~25°C; 


5.0 mA 
'" 10 '" 3.0 A, TJ = + 25°C; 


14.9 Vdc 
'" Vin 
'" 27 Vdc, 
10 = 1.0 A) 


Ripple 
Rejection 
RR 
57 
67 
- 
57 
67 
- 
dB 


(15 Vdc 
'" Vin 
'" 25 Vdc, 
f = 120 Hz, 


10 ~ 
2.0 A, TJ 
~ 
25°C) 


Dropout 
Voltage 
(10 
~ 
3.0 A, TJ ~ 
+ 25°C) 
Vin-VO 
- 
2.2 
2.5 
- 
2.2 
2.5 
Vdc 


Output 
Noise 
Voltage 
Vn 
- 
10 
- 
- 
10 
- 
jLVNO 


(10 Hz '" f '" 
100 kHz, TJ 
= + 25°CI 


Output 
Resistance 
(f ~ 
1.0 kHz) 
RO 
- 
2.0 
- 
- 
2.0 
- 
mO 


Short 
Circuit 
Current 
Limit 
ISC 
- 
1.5 
- 
- 
1.5 
- 
A 
(Vin 
= 35 Vdc, 
TJ 
~ 
+ 25°C) 


Peak Output 
Current 
IT J = + 25°CI 
Imax 
- 
5.0 
- 
- 
5.0 
- 
A 


Average 
Temperature 
Coefficient 
TCVO 
- 
0.5 
- 
- 
0.5 
- 
mvrc 
of Output 
Voltage 
(10 = 5.0 mAl 


NOTES: 


1. 
Although 
power 
dissipation 
is internally 
limited. 
specifications 
apply 
only 
for Po .s;;Pmax. 


Pm ax = 30 W for K package 
Pm ax = 25 W for 
T package 


2. 
line 
and 
load 
regulation 
are 
specified 
at constant 
junction 
temperature. 
Changes 
in Va due 
to heating 
effects 
must 
be taken 
into 
account 


separately. 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


MC78T15AC 
MC78T15C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
Vo 
Vdc 


(5.0 mA 
'" 
10 '" 
3.0 A, TJ 
= 
+ 25"CI 
14.7 
15 
15.3 
14.4 
15 
15.6 


(5.0 mA 
'" 
10 '" 
3.0 A; 
14.4 
15 
15.6 
14.25 
15 
15.75 


5.0 mA 
'" 
10 '" 
2.0 A, 17.5 Vdc 
'" Vin 
'" 30 Vdcl 


Line 
Regulation 
(Note 
21 
Regline 
- 
7.5 
55 
- 
7.5 
55 
mV 


(17.6 Vdc 
'" Vin 
'" 40 Vdc, 
10 
= 
5.0 mA, 
TJ 
= 
+ 25"C; 


17.6 Vdc 
'" Vin 
'" 40 Vdc, 
10 
~ 
1.0 A, TJ ~ 
+ 25"C; 


20 Vdc 
'" Vin 
'" 26 Vdc, 
10 
= 
3.0 A, TJ 
~ 
+ 25"C; 


18 Vdc 
'" Vin 
'" 30 Vdc, 
10 
= 
1.0 AI 


Load 
Regulation 
(Note 
21 
Regload 
mV 


(5.0 mA 
'" 
10 '" 
3.0 A, TJ ~ 
+ 25"CI 
- 
10 
30 
- 
10 
30 


(5.0 mA 
'" 
10 '" 
3.0 Al 
- 
15 
80 
- 
15 
80 


Thermal 
Regulation 
Regtherm 
- 
0.001 
0.01 
- 
0.002 
0.03 
%VQIW 
(Pulse 
= 
10 ms, 
P ~ 
20 W, TA 
~ 
+ 25"CI 


Quiescent 
Current 
IB 
mA 


15.0 mA 
'" 
10 '" 
3.0 A, TJ = 
+ 25"CI 
- 
3.5 
5.0 
- 
3.5 
5.0 


15.0 mA 
'" 
10 '" 3.0 Al 
- 
4.0 
6.0 
- 
4.0 
6.0 


Quiescent 
Current 
Change 
4.18 
- 
0.3 
1.0 
- 
0.3 
1.0 
mA 


(17.6 Vdc 
'" Vin 
'" 40 Vdc, 
10 
= 
5.0 mA, 
TJ ~ +25"C; 


5.0 mA 
'" 
10 '" 3.0 A, TJ 
= 
+ 25"C; 


18 Vdc 
'" Vin 
'" 30 Vdc, 
10 
= 
1.0 AI 


Ripple 
Rejection 
RR 
55 
65 
- 
55 
65 
- 
dB 


(18.5 Vdc 
'" Vin 
'" 28.5 Vdc, 
1= 
120 Hz, 


10 
= 
2.0 A, TJ 
~ 
25"C) 


Dropout 
Voltage 
(10 
~ 
3.0 A, TJ = 
+ 25"C) 
Vin-VO 
- 
2.2 
2.5 
- 
2.2 
2.5 
Vdc 


Output 
Noise 
Voltage 
Vn 
- 
10 
- 
- 
10 
- 
/iVNO 
(10 Hz '" I '" 
100 kHz, TJ 
= 
+ 25"C) 


Output 
Resistance 
(I ~ 
1.0 kHzl 
RO 
- 
2.0 
- 
- 
2.0 
- 
mil 


Short 
Circuit 
Current 
Limit 
ISC 
- 
1.0 
- 
- 
1.0 
- 
A 
IVin 
~ 40 Vdc, 
TJ = 
+ 25"CI 


Peak Output 
Current 
(TJ ~ 
+ 25"CI 
Imax 
- 
5.0 
- 
- 
5.0 
- 
A 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
0.6 
- 
- 
0.6 
- 
mvrc 


(10 
= 
5:0 mAl 


NOTES: 


1. 
Although 
power 
dissipation 
is internally 
limited. 
specifications 
apply 
only 
for Po 
:!lO Pmax. 


Pm ax 
"" 30 W for 
K package 
Pmax 
= 25 W for 
T package 


2. 
Line 
and 
load 
regulation 
are 
specified 
at constant 
junction 
temperature. 
Changes 
in Va due 
to heating 
effects 
must 
be taken 
into 
account 


separately. 
Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


VOLTAGE 
REGULATOR 
PERFORMANCE 
The performance 
of a voltage 
regulator 
is specified 
by its immunity 
to changes in load, input voltage, power 
dissipation, 
and temperature. 
Line and load regulation 
are tested with a pulse of short duration 
« 
100 !,-sl and 
are strictly a function 
of electrical gain. However, pulse 
widths 
of longer duration 
(> 1.0 ms) are sufficient 
to 
affect temperature 
gradients across the die. These tem- 
perature 
gradients 
can cause a change in the output 
voltage, in addition to changes caused by line and load 
regulation. 
Longer pulse widths and thermal gradients 
make it desirable to specify thermal 
regulation. 
Thermal regulation is defined as the change in output 
voltage caused by a change in dissipated 
power for a 
specified time, and is expressed as a percentage output 


voltage 
change 
per watt. 
The change 
in dissipated 
power can be caused by a change in either the input 
voltage or the load current. Thermal regulation is a func- 
tion of I.C. layout and die attach techniques, and usually 
occurs within 
10 ms of a change in power dissipation. 


After 10 ms, additional 
changes in the output voltage 
are due to the temperature 
coefficient 
of the device. 
Figure 
1 shows 
the line 
and thermal 
regulation 
response of a typical 
MC78T05AC to a 20 watt input 
pulse. The variation 
of the output 
voltage 
due to line 
regulation is labeled CD and the thermal regulation com- 
ponent is labeled ~. 
Figure 2 shows the load and ther- 
mal regulation 
response of a typical 
MC78T05AC to a 
20 watt load pulse. The output voltage variation 
due to 
load regulation is labeled CD and the thermal regulation 
component 
is labeled ~. 


FIGURE 2 - 
LOAD AND THERMAL REGULATION 
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_ 
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DESIGN CONSIDERATIONS 


The MC7STOO,ASeries of fixed voltage regulators 
are 
designed 
with Thermal 
Overload 
Protection 
that shuts 
down the circuit when subjected to an excessive power 
overload 
condition, 
Internal 
Short-Circuit 
Protection 
that limits 
the maximum 
current 
the circuit 
will 
pass, 


and Output 
Transistor 
Safe-Area 
Compensation 
that 
reduces the output 
short circuit current 
as the voltage 
across the pass transistor 
is increased. 
In many 
low 
current 
applications, 
compensation 
capacitors 
are 
not 
required. 
However, 
it 
is recom- 
mended 
that the regulator 
input 
be bypassed 
with 
a 


Constant 
Current 
to 


10 
Grounded Load 


The MC78T05 regulator can also be used as a current 
source 
when 
connected 
as above. 
In order 
to minimize 
dissipation, the MC78T05is chosen in this application. 
Resistor 
R determines 
the current 
as follows: 


10 = 5.0 V + IS 
R 


t1IB 
== 0.7 mA over 
line, load and temperature 
changes 


IB '" 3.5 mA 


For example, 
a 2-ampere 
current 
source 
would 
require 
R 
to be a 2.5 ohm, 
15 W resistor and the output 
voltage 
compliance 
would 
be the input voltage 
less 7.5 volts. 


xx = 2 digits of type number indicating voltage. 
The MC78TOO,Aseriescan be current boosted with a PNP 
transistor. 
The 
2N4398 
provides 
current 
to 15 amperes. 


Resistor R in conjunction with the VBEof the PNPdeter- 
mines 
when 
the 
pass transistor 
begins 
conducting; 
this 
circuit 
is not short-circuit 
proof. 
Input-output 
differential 
voltage 
minimum 
is increased 
by 
the 
VSE 
of the 
pass 


transistor. 


capacitor if the regulator 
is connected to the power sup- 
ply filter 
with 
long wire 
lengths, 
or if the output 
load 
capacitance 
is large. An input bypass capacitor 
should 
be selected to provide 
good high frequency 
character- 
istics to insure stable operation 
under all load condi- 
tions. 
A 0.33 I-'F or larger 
tantalum, 
mylar, 
or other 
capacitor 
having 
low 
intemal 
impedance 
at high fre- 
quencies 
should 
be chosen. 
The 
bypass 
capacitor 
should 
be mounted 
with 
the shortest 
possible 
leads 
directly across the regulator's 
input terminals. 
Normally 
good construction 
techniques 
should 
be used to mini- 
mize ground 
loops and lead resistance drops since the 
regulator 
has no external 
sense lead. 


VO, 8.0 V to 20 V 
Vin-VO '" 2.5 V 
The 
addition 
of an operational 
amplifier 
allows 
adjust- 


ment 
to higher 
or intermediate 
values 
while 
retaining 
regulation 
characteristics. 
The minimum 
voltage 
obtain- 
able with this arrangement 
is 3.0 volts greater 
than the 
regulator 
voltage. 


FIGURE18 - 
CURRENT 
BOOSTWITH 
SHORT-CIRCUITPROTECTION 


2N4398 
Input 
or Equiv 


xx = 2 digits of type number indicating voltage. 


The circuit of Figure 
17 can be modified 
to provide 
supply 
protection 
against 
short 
circuits 
by adding 
a short-circuit 
sense resistor, 
RSC. and an additional 
PNP transistor. 
The 
current 
sensing 
PNP must 
be able 
to handle 
the 
short- 
circuit 
current 
of the three-terminal 
regulator. 
Therefore, 
an eight-ampere 
power 
transistor 
is specified. 


Input r,-M_C_7_8_T_X_X_~ 
Output 


Cin" 
!_ 
CO" 


0.33p.F 
L_ 
± 
' 


STANDARD APPLICATION 


A common 
ground 
is required 
between 
the 
input 
and 
the output 
voltages. 
The 
input 
voltage 
must 
remain 
typ· 


ically 2.2 V above 
the output 
voltage 
even during 
the low 
point 
on the input 
ripple 
voltage. 


XX = these 
two 
digits 
of the 
type 
number 
indicate 
voltage. 


.• = Cin is required 
if regulator 
is located 
an appreciable 
distance from power supply filter. (See Applica- 
tions 
Information 
for details.) 


.•.• = Co 
is not 
needed 
for 
stability; 
however. 
it does 
improve 
transient 
response. 


II 


THREE- TERMINAL 
NEGATIVE VOLTAGE REGULATORS 


The MC7900 Series of fixed output 
negative voltage 
regulators 
are intended 
as complements 
to the 
popular 
MC7800 
Series 
devices. 
These 
negative 
regulators 
are available 
in the 
same 
seven-voltage 
options 
as the MC7800 devices. 
In addition, 
one 
extra voltage 
option 
commonly 
employed 
in MECL systems 
is 
also available 
in the negative 
MC7900 Series. 


Available 
in fixed 
output 
voltage 
options 
from 
- 5.0 to 
- 24 
volts, 
these 
regulators 
employ 
current 
limiting, 
thermal 
shut- 
down, 
and safe-area compensation 
- 
making them remarkably 
rugged 
under 
most 
operating 
conditions. 
With 
adequate 
heat- 


sinking they can deliver output currents in excess of 1.0 ampere. 


• 
No External Components Required 
• 
Internal Thermal Overload Protection 


• 
Internal 
Short-Circuit 
Current 
Limiting 


• 
Output 
Transistor 
Safe· Area 
Compensation 
• 
Available in 2% Voltage Tolerance (See Ordering Information) 


Output Voltage 
Tested Operating 


Device 
Tolerance 
Junction 
Temp. 
Range 
Package 


MC79XXCK 
4% 
Metal 
Power'" 


MC79XXACK' 
2% 


MC79XXCT 
4% 


TJ ~ Q'Cto + 125'C 
Plastic 
Power 
MC79XXACP 
2% 


MC79XXBT# 
4% 
TJ ~ -4Q'C to + 125'C 


XX 
indicates 
nominal 
voltage. 
*2% output voltage tolerance available in 5, 12 and 15 volt devices. 


"'Metal 
power package available in 5, 12 and 15 volt devices. 


#Automotive 
temperature 
range 
selections 
are 
available 
with 
special 
test 
conditions 
and 
additional tests in 5, 12 and 15 volt devices. Contact you,r local Motorola sales office for 
information. 


THREE-TERMINAL 
NEGATIVE 
FIXED 
VOLTAGE 
REGULATORS 


K SUFFIX 
METALPACKAGE 
CASE1-03 


T SUFFIX 
PLASTICPACKAGE 


CASE221A-04 


PIN 1. GROUND 
2. INPUT 
3. OUTPUT 
(Heatsink 
surface 


connected 
to 
Pin 2) 


Inputr_MC~79X_X 
1;Output 


Cin' 
? 
Co" 
O.33JJF 
± 
1.0 
JJF 


A common 
ground is required between 
the 
input 
and the output 
voltages. The 
input volt- 
age must remain typically 
2.0 V more negative 
even during 
the high point 
on the input ripple 


voltage. 


XX 
= these two digits of the type number indi- 
cate voltage. 


• 
= Cin is requ ired if regulator 
is located an 
appreciable 
distance 
from 
power 
supply 
filter. 


•• 
= Co 
improves 
stability 
and 
transient 
re- 
sponse. 


DEVICE 
TYPE; 
NOMINAL 
OUTPUT 
VOLTAGE 


MC7905 
5.0 
Volts 
MC7912 
12 Volts 
MC7905.2 
5.2 
Volts 
MC7915 
15 Volts 
MC7906 
6.0 
Volts 
MC7918 
18 Volts 
MC790B 
8.0 
Volts 
MC7924 
24 
Volts 


Rating 
Symbol 
Value 
Unit 


Input Voltage (-5.0 V?3 Vo?3 -18 VI 
VI 
-35 
Vdc 
(24 VI 
-40 


Power Dissipation 
Plastic Package 


TA=+25°C 
Po 
Internally Limited 
Watts 
Derate above TA = +25°C 
l/ROJA 
15.4 
mW/oC 


TC=+25°C 
Po 
Internally 
limited 
Watts 
Derate above TC = +95°C (See Figure 1) 
l/ROJC 
200 
mW/oC 


Metal Package 
TA=+25°C 
Po 
Internally Limited 
Watts 
Derate above TA = +25°C 
l/ROJA 
22.2 
mW/oC 


TC=+25°C 
Po 
Internally Limited 
Watts 
Derate above TC = +65°C 
l/ROJC 
182 
mW/oC 


Storage Junction Temperature 
Range 
Tsto 
-65 
to +150 
°C 


Junction Temperature 
Range 
TJ 
Oto+150 
°C 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to AmbIent - 
PlastiC Package 
ROJA 
65 
°C/W 


- 
Metal Package 
45 


Thermal Resistance. Junction to Case 
- 
Plastlc Package 
ROJC 
5.0 
°C/W 


- 
Metal Package 
5.5 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage (TJ - +25°C) 
Vo 
-48 
-50 
-5.2 
Vdc 


Line Regulation (Note 1) 
Regllne 
mV 
ITJ = +25°C, 10 = 100 mAl 
-7.0 Vdc?3 VI?3 -25 Vdc 
- 
70 
50 


-8.0 Vdc?3 VI ?3-12 Vdc 
- 
20 
25 


(TJ = +25°C, 10 = 500 mAl 
-7.0 Vdc?3 VI ?3-25 Vdc 
- 
35 
100 


-8.0 Vdc ?3VI ?3-12 Vdc 
- 
8.0 
50 


Load Regulation (TJ = +25°C) (Note 1) 
Regload 
mV 
5.0 mA';; 
10';; 
1,5 A 
- 
11 
100 
250 mA';; 
10';; 750 mA 
- 
4.0 
50 


Output Voltage 
Vo 
-475 
-- 
-525 
Vdc 


-7.0 Vdc?3 VI ?3-20 Vdc, 5,0 mA';; 
10';; 
1.0 A. P';; 15 W 


Input Bias Current (TJ = +25°C) 
lIB 
- 
4.3 
8.0 
mA 


Input Bias Current Change 
.1118 
mA 


-70 
Vdc?3 VI?3 -25 Vdc 
- 
- 
1 3 
5.0 mA';; 
10';; 1.5 A 
- 
- 
0.5 


Output NOise Voltage (TA '" +25°C. 
10Hz 
~ f ~ 
100 kHz) 
eon 
- 
40 
- 
~V 


Ripple Rejection (10 = 20 mA. f = 120 Hz) 
RR 
- 
70 
- 
d8 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 
10 ~ 
t,OA, 
TJ = + 25"C 


Average Temperature 
Coefficient of Output Voltage 
.1VO/.1T 
- 
-1.0 
- 
mV/oC 
10 = 5,0 mA, O°C';; TJ';; 
+125°C 


Note: 


, 
Load and 
hne regulation 
are speCIfied 
at const3nt 
Junction 
temperature. 
Changes 
In Vo due to heating 
effects 
must 
be taken 
Into account 
separately. 


Pulse 
testmg 
with 
low duty 
cycle 
IS used 


Characteristic 
Symbol 
Min 
Typ 
Mox 
Unit 


Output 
Voltage ITJ = +25°C) 
Vo 
-4.9 
-5.0 
-5.1 
Vdc 


Line Regulation (Note 1) 
Regltne 
mV 


-8.0 Vdc '" VI'" 
-12 Vdc; 10 = 1.0 A, TJ = 25°C 
- 
2.0 
25 


-8.0 Vdc '" VI '" -12 Vdc; 10 = 1.0 A 
- 
7.0 
50 


-7.5 Vdc '" VI'" 
-25 Vdc; 10 = 500 mA 
- 
7.0 
50 


-7.0 Vdc '" VI '" -20 Vdc; 10 = 1.0 A, TJ = +25°C 
- 
6.0 
50 


Load Regulation (Note 1) 
Regload 
mV 


5.0 mA"; 
10"; 
15A,TJ=+25°C 
- 
11 
,100 


250 mA"; 
10"; 
750 mA 
- 
4.0 
50 
50 
mA"; 
10"; 
1.0 A 
- 
90 
100 


Output Voltage 
Vo 
-4.80 
- 
-5.20 
Vdc 


-7.5 Vdc", 
VI '" -20 Vdc, 5.0 mA"; 
10"; 
1 0 A, P"; 
15W 


Input Bias Current 
118 
- 
4.4 
8.0 
mA 


Input Bias Current Change 
.1118 
mA 


-7.5 Vdc '" VI '" -25 Vdc 
- 
- 
1.3 


5.0 mA"; 
10"; 
1 0 A 
- 
- 
0.5 
5.0 mA"; 
10"; 
1 5 A. TJ = 25°C 
- 
- 
0.5 


Output 
Noise Voltage ITA = .25°C, 
10Hz"; 
f"; 
100 kHz) 
eon 
- 
40 
- 
~V 


Ripple RejectIon 110= 20 mA. f = 120 Hz) 
RR 
- 
70 
- 
d8 


Oropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 


10 = 1.0 A, TJ = 
+ 25'C 


Average Temperature 
CoefficIent of Output Voltage 
.1VO/.1T 
- 
-1.0 
- 
mV/oC 


10 = 5.0 mA, O°C"; 
TJ"; 
+125°C 


Characteristic 
Symbol 
Min 
Typ 
Mox 
Unit 


Output Voltage ITJ = .25°C) 
Vo 
-50 
-52 
-54 
Vdc 


Line Regulation (Note 1) 
Regllne 
mV 
ITJ = '25°C, 
10 = 100 mAl 


-7.2 Vdc '" VI '" -25 Vdc 
- 
80 
52 


-8.0 Vdc '" VI '" -12 Vdc 
- 
2.2 
27 


ITJ = +25°C, 10 = 500 mAl 


-7.2 Vdc '" VI '" -25 Vdc 
- 
37 
105 


-8.0 Vdc '" VI '" -12 Vdc 
- 
8.5 
52 


Load Regulation (TJ = +25°C){Note 
1) 
Regroad 
mV 
5.0 
mA"; 
10 ,,; 1.5 A 
- 
12 
105 
250 mA"; 
10"; 
750 mA 
- 
45 
52 


Output Voltage 
Vo 
-495 
- 
-545 
Vdc 


-7.2 Vdc '" VI '" -20 Vdc, 5.0 mA"; 
10"; 
1.0 A. P"; 
15W 


Input Bias Current (TJ = +25°C) 
118 
- 
4.3 
8.0 
mA 


Input Bias Current Change 
,1IIB 
mA 


-7.2 Vdc '" VI '" -25 Vdc 
- 
- 
1 3 
5.0mA";10";1.5A 
- 
- 
05 


Output Noise Voltage (TA = +25°C 
10Hz"; 
f"; 
100 kHz) 
eon 
- 
42 
- 
~V 


Ripple RejectIon 110= 20 mA, f = 120 Hz) 
RR 
- 
68 
- 
dB 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 


10 = 1.0 A, TJ = 
+25'C 


Average Temperature 
Coefficient of Output Voltage 
,1VO/,1T 
- 
-1.0 
- 
mV/oC 


10 = 5.0 mA. OOC"; TJ"; 
+125°C 


Note: 


1. Load and 
line regulation 
are specIfied 
at constant 
Junction 
temperature. 
Changes 
In VQ due to heating 
effects 
must 
be taken 
into account 
separately. 


Pulse 
testing 
with 
low duty 
cycle 
is used. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage ITJ = +25°CI 
Vo 
-5.75 
-6.0 
-6.25 
Vdc 


Line Regulation (Note 1) 
Regline 
mV 


ITJ = +25°C. 10 = 100 mAl 
-8.0 Vdc;;' VI ;;, -25 Vdc 
- 
g.O 
60 


-gO 
Vdc;;' VI;;' -13 Vdc 
- 
3.0 
30 


ITJ = +25°C. 10 = 500 mAl 
-8.0 Vdc ;;, VI ;;, -25 Vdc 
- 
43 
120 


-9.0 Vdc ;;, VI ;;, - 13 Vdc 
- 
10 
60 


Load Regulation (TJ = +25°C) (Note 1) 
Regload 
mV 


5.0 mA';; 
10';; 1.5 A 
- 
13 
120 


250 mA';; 
10';; 750 mA 
- 
50 
60 


Output Voltage 
Vo 
-5.7 
- 
-6.3 
Vdc 
-8.0 Vdc ;;, VI ;;, -2 I Vdc. 5.0 mA';; 
10';; 10 
A. P';; 15 W 


Input Bias Current (TJ = +25°CI 
118 
- 
4.3 
80 
mA 


Input Bias Current Change 
..1118 
mA 
-80 
Vdc ;;, VI ;;, -25 Vdc 
- 
- 
13 


5.0 mA';; 
10';; 1.5 A 
- 
- 
05 


Output Noise Voltage ITA = +25°C. 10Hz';; 
f,;; 100 kHz) 
eon 
- 
45 
- 
~V 


Ripple Rejection (10 = 20 mA. f = 120 Hz) 
RR 
- 
65 
- 
d8 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 


10 ~ 
1.0 A, TJ ~ + 25°C 


Average Temperature 
Coefficient of Output Voltage 
..IVO/..lT 
- 
-1.0 
- 
mV/OC 


10 = 5.0 mA. OOC';; TJ';; 
+125°C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage (TJ = +25°C) 
Vo 
-7.7 
-8.0 
-8.3 
Vdc 


Line Regulation (Note 1) 
RegJine 
mV 
ITJ = +25°C. 10 = 100 mAl 
-10.5 
Vdc;;' VI ;;, -25 Vdc 
- 
12 
80 


- I I Vdc;;' VI ;;, -17 Vdc 
- 
5.0 
40 


ITJ = +25°C. 10 = 500 mAl 
-10.5 
Vdc;;' VI;;' -25 Vdc 
- 
50 
160 
- I I Vdc;;' VI ;;, - 17 Vdc 
- 
22 
80 


Load Regulation 
ITJ = +25°C) INote 1) 
Regload 
mV 
5.0mA';;10';;1.5A 
- 
26 
160 
250 mA';; 
10';; 750 mA 
- 
9.0 
80 


Output Voltage 
Vo 
-7.6 
- 
-8.4 
Vdc 
-10.5 
Vdc;;' 
VI;;' -23 Vdc. 5.0 mA';; 
10';; 10 A. P';; 15W 


Input Bias Current (TJ = +25°C) 
118 
- 
4.3 
8.0 
mA 


Input Bias Current Change 
..1118 
mA 


-10.5 
Vdc;;' VI;;' -25 Vdc 
- 
- 
10 
50 
mA';; 
10';; 1.5 A 
- 
- 
0.5 


Output Noise Voltage (TA = +25°C, 
10Hz ~ f ~ 
100 kHz) 
eon 
- 
52 
- 
~V 


Ripple Rejection (10 = 20 mA. f = 120 Hz) 
RR 
- 
62 
- 
dB 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 
10 ~ 
1.0 A, TJ ~ + 25°C 


Average Temperature 
Coefficient of Output Voltage 
..IVO/..lT 
- 
-10 
- 
mV/OC 
10 = 5.0 mA. O°C';; TJ';; 
+125°C 


Note: 


,. 
Load and 
line regulation 
are specified 
at constant 
junction 
temperature. 
Changes 
in VQ due to heating 
effects 
must 
be taken 
into account 
separately. 


Pulse 
testing 
with 
low duty 
cycle 
is used 


• 


Characteristic 
Symbol 
Min 
Typ 
M •• 
Unit 


Output Voltage (TJ = +25°C) 
Vo 
-11.5 
-12 
-12.5 
Vdc 


Line Regulation (Note 1) 
Regline 
mV 
(TJ = +25°C. 10 = 100 mAl 
-14.5 
Vdc;;' 
VI ;;, -30 Vdc 
- 
13 
120 


-16 Vdc;;' VI '" -22 Vdc 
- 
60 
60 


ITJ = +25°C. 10 = 500 mAl 
-14.5 
Vdc;;' 
VI ;;, -30 Vdc 
- 
55 
240 


-16 Vdc;;' 
VI ;;, -22 Vdc 
- 
24 
120 


Load Regulation (TJ :=+25°C) (Note 1) 
Regload 
mV 
5.0 mA';; 10';; 1.5 A 
- 
46 
240 
250 mA';; 
10';; 750 mA 
- 
17 
120 


Output Voltage 
Vo 
-11.4 
- 
-12.6 
Vdc 


-14.5 
Vdc;;' VI;;' -27 Vdc. 5.0 mA';; 10';; lOA. 
P';; 15W 


Input Bias Current (TJ = +25°Cl 
liB 
- 
4.4 
8.0 
mA 


Input Bias Current Change 
,1IIB 
mA 


-14.5 
Vdc;;' VI ;;, -30 Vdc 
- 
- 
1.0 


5.0 mA';; 10';; 1.5 A 
- 
- 
0.5 


Output Noise Voltage (TA = +25°C. 
10Hz 
~ 1 ~ 100 kHz) 
eon 
- 
75 
- 
~V 


RIpple Rejection (10 = 20 mA. f = 120 Hz) 
RR 
- 
61 
- 
dB 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 


'0 ~ 1.0 A. TJ ~ 
+ 25°C 


Average Temperature 
Coefficient of Output Voltage 
,1VO/,1T 
- 
-10 
- 
mV/oC 


\0 = 50 
mA. OOC';; TJ';; 
+125°C 


Characteristic 
Symbol 
Min 
Typ 
M •• 
Unit 
I 


Output Voltage (TJ = +25°C) 
Vo 
-11.75 
-12 
-12.25 
Vdc 
I 


Lme Regulation (Note 1) 
Regline 
mV 


i 


-16 Vdc;;' VI ;> -22 Vdc; '0 = lOA. 
TJ = 25°C 
- 
6.0 
60 


-16 Vdc ;;, VI ;;, -22 Vdc. 10 = lOA. 
- 
24 
120 


-148 
Vdc;;' VI;;' -30 Vdc; 10 = 500 mA 
- 
24 
120 
I 
-14.5 
Vdc;;' VI;;' -27 Vdc; 10 = 1.0 A. TJ = 25°e 
- 
13 
120 


Load Regulation (Note 1) 
Regload 
mV 


I 


50 
mA';; '0';; 
1.5 A. TJ = 25°C 
- 
46 
150 
250 mA';; 10';; 750 mA 
- 
17 
75 
5.0 mA ,;; 10';; 1.0 A 
- 
35 
150 


Output Voltage 
Vo 
-11.5 
- 
-12.5 
Vdc 


-14.8 
Vdc;;' VI ;;, -27 Vdc. 5.0 mA';; 10';; 1.0 A. P';; 15 W 


Input Bias Current 
liB 
- 
4.4 
8.0 
mA 


Input Bias Current Change 
,1IIB 
mA 


I 
-15 Vdc ;;, VI ;;, -30 Vdc 


I 
- 
- 
0.8 
5.0 mA,;; 10,;; 1.0 A 
- 
- 
0.5 
5.0 mA';; 10';; 1.5 A. TJ = 25°e 
I 
- 
- 
0.5 


Output NOise Voltage (TA:= +25°C. 
10 Hz~ 
f~ 
100 kHz) 
eon 
- 
75 
- 
~V 


Ripple RejectIon 110= 20 mA. f = 120 Hz) 
RR 
- 
61 
- 
dB 


Dropout 
Voltage 
VI-VO 
I 
- 
2.0 
- 
Vdc 
10 ~ 1.0A. 
TJ ~ 
+25°C 


Average Temperature 
Coefficient 
01 Output Voltage 
,1VO/,1T 
- 
-1.0 
- 
mV/oC 


10 = 5.0 mA. ooe,;; 
TJ';; +125°C 


Note 


1 
Load and hne regulation 
are speCIfied at conSlant 
Junction temperalure. 
Changes 
10 Vo due to heating 
effects 
must be taken 
IOto account 
separately. 


Pulse testing 
With low duty cycle IS used 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage (TJ = +25°C) 
Vo 
-144 
-15 
-15.6 
Vdc 


Line Regulation 
(Note 1I 
Regline 
mV 


ITJ = +25°C, 10 = 100 mAl 
I 
-17.5 
Vdc;;' 
VI;;' 
-30 Vdc 
- 
14 
150 


-20 Vdc;;' 
VI ;;. -26 Vdc 
- 
6.0 
75 


(TJ = +25°C, 10 = 500 mAl 
-17.5 
Vdc;;' 
VI;;' 
-30 Vdc 
- 
57 
300 
-20 Vdc;;' 
VI;;' 
-26 Vdc 
- 
27 
150 


Load Regulation 
(TJ = +25°CI INote 1I 
Regload 
mV 


5.0 mA';;; 10';;; 1.5 A 
- 
68 
300 
250 mA';;; 10';;; 750 mA 
- 
25 
150 


Output 
Voltage 
Vo 
-1425 
- 
-15.75 
Vdc 


-17.5 
Vdc;;' 
VI;;' 
-30 Vdc, 5.0 mA';;; 10';;; 1.0 A, P';;; 15 W 


Input Bias Current 
(TJ = +25°C) 
liB 
- 
4.4 
8.0 
mA 


Input Bias Current 
Change 
.:.IIB 
mA 


-17.5 
Vdc ;;. VI ;;. -30 Vdc 
- 
- 
1.0 


5.0 mA';;; 10';;; 1.5 A 
- 
- 
0.5 


Output 
Noise Voltage ITA = +25°C, 10Hz';;; 
f,;;; 100 kHz) 
eon 
- 
90 
- 
"V 


Ripple Rejection 110= 20 mA, f = 120 Hz) 
RR 
- 
60 
- 
dB 


Dropout 
Voltage 
VI-VO 
- 
20 
- 
Vdc 


10 ~ 1.0A, 
TJ = + 25°C 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
':'VOI.:.T 
- 
-10 
- 
mV'oC 


10 = 5.0 mA. O°C ,;;;TJ ,;;;+125°C 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Unit 


Output Voltage ITJ = +25°C) 
Vo 
-14.7 
-15 
-15.3 
Vdc 


Line Regulation 
(Note 
1) 
Regline 
mV 


-20 Vdc;;' 
VI ;;. -26 Vdc; 10 = 1.0 A. TJ = 25°C 
- 
27 
75 
-20 Vdc;;' 
VI ;;. -26 Vdc; 10 = 1.0 A, 
- 
57 
150 


-17.9 
Vdc;;' 
VI;;' 
-30 Vdc; 10 = 500 mA 
- 
57 
150 
-17.5 
Vdc;;' 
VI;;' 
-30 Vdc; 10 = 1.0 A, TJ = 25°C 
- 
57 
150 


Load Regulation 
INote 1) 
Regload 
mV 


5.0 mA';;; 10';;; 1.5 A, TJ = 25°C 
- 
68 
150 
250 mA ,;;;10 ,;;;750 mA 
- 
25 
75 
5.0 mA ,;;;10';;; 1.0 A 
- 
40 
150 


Output 
Voltage 
Vo 
-14.4 
- 
-15.6 
Vdc 


-17.9 
Vdc;;' 
VI;;' 
-30 Vdc, 5.0 mA';;; 10';;; 1.0 A, P';;; 15 W 


Input Bias Current 
liB 
- 
4.4 
80 
mA 


Input Bias Current 
Change 
.:.IIB 
mA 
-17.5 
Vdc;;' 
VI;;' 
-30 Vdc 
- 
- 
08 
5.0 mA';;; 10 ,;;; 1.0 A 
- 
- 
0.5 
5.0 mA';;; 10 ,;;; 1.5 A, TJ = 25°C 
- 
- 
0.5 


Output 
Noise Voltage ITA = +25°C, 10Hz';;; f';;; 100kHz) 
eon 
- 
90 
- 
"V 


Ripple Rejection (10 = 20 mA, f = 120 Hz) 
RR 
- 
60 
- 
dB 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 
10 = 1.0 A, TJ = + 25°C 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
~VO/~T 
- 
-1.0 
- 
mV/oC 


10 = 5.0 mA, OOC';;;TJ';;; +125°C 


Note: 
,. 
Load 
and 
line 
regulation 
are 
specified 
at constant 
junction 
temperature 
Changes 
in Vo due 
to heating 
eHects 
must 
be taken 
Into 
account 
separately. 


Pulse 
testing 
with 
low duty 
cycle 
is used. 


• 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage (TJ = +25°C) 
Vo 
- 17.3 
-18 
-187 
Vdc 


Line Regulation 
(Note 
1) 
ReQllne 
mV 


(TJ = +25°C. 10 = 100 mAl 
-21 Vdc", 
VI:;' -33 Vdc 
- 
25 
180 


-24 Vdc '" VI '" -30 Vdc 
- 
10 
90 


ITJ = +25°C. 10 = 500 mAl 


-21 Vdc", 
VI '" -33 Vdc 
- 
90 
360 


-24 Vdc '" VI '" -30 Vdc 
- 
50 
180 


load Regulation 
ITJ = +25°C) (Note 1) 
Regload 
mV 
5.0 mA';; 
10';; 1.5 A 
- 
110 
360 


250 mA';; 
10';; 750 mA 
- 
55 
180 


Output 
Voltage 
Vo 
- 17 1 
- 
-189 
Vdc 


-21 Vdc", 
VI '" -33 Vdc. 5.0 mA';; 
10';; 1.0 A. P';; 15W 


Input Bias Current 
(TJ:: +-25°C) 
liB 
- 
4.5 
80 
mA 


Input Bias Current 
Change 
.lIIB 
mA 


-21 Vdc '" VI '" -33 Vdc 
- 
- 
10 


5.0 mA';; 
10';; 1.5 A 
- 
- 
05 


Output 
Noise Voltage 
(TA :: +25°C. 
10Hz 
~ f ~ 
100 kHz) 
eon 
- 
110 
- 
~V 


R.pple Reject.on (10 = 20 mA. f = 120 Hz) 
RR 
- 
59 
- 
dB 


Dropout 
Voltage 
VI-VO 
- 
20 
- 
Vdc 
10 ~ 1.0 A, TJ ~ 
+ 25"C 


Average 
Temperature 
CoeffiCient 
of Output 
Voltage 
.lVO 
.IT 
- 
-1 0 
- 
mV/oC 


10 = 5.0 mA. DoC';; TJ';; +125°C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(TJ:: +-25°C) 
Vo 
-23 
-24 
-25 
Vdc 


Line Regulation 
(Note 
1) 
ReQI,ne 
mV 
ITJ = +25°C. 10 = 100 mAl 


-27 Vdc '" VI '" -38 Vdc 
- 
31 
240 


-30 Vdc '" VI '" -36 Vdc 
- 
14 
120 


ITJ = +25°C. 10 = 500 mAl 


-27 Vdc '" VI'" 
-38 Vdc 
- 
118 
480 


-30 Vdc '" VI '" -36 Vdc 
- 
70 
240 


Load Regulation 
ITJ = +25°C) (Note 1I 
Regload 
mV 


5.0 mA';; 
10 ,;; 1.5 A 
- 
150 
480 


250 mA';; 
10';; 750 mA 
- 
B5 
240 


Output 
Voltage 
Vo 
-22 B 
~ 
-252 
Vdc 


-27 Vdc '" VI '" -38 Vdc. 5.0 mA,;; 
10';; lOA. 
P';; 15 W 


Input Bias Current 
ITJ:: +25°C) 
liB 
- 
46 
BO 
mA 


Input Bias Current 
Change 
.lIIB 
mA 


-27 Vdc '" VI '" -38 Vdc 
- 
- 
10 


5.0 mA';; 
10';; 1.5 A 
- 
- 
05 


Output 
Noise Voltage 
(TA:: +25°C. 
10Hz 
~ f ~ 
100kHz) 
eon 
- 
170 
- 
~V 


Ripple Rejection (10 = 20 mA. f = 120 Hzl 
RR 
- 
56 
- 
dB 


Dropout 
Voltage 
VI-VO 
- 
2.0 
- 
Vdc 


10 ~ 
1.0 A, TJ = 
+25"C 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
.lVO/.lT 
- 
-10 
- 
mY/DC 


10 = 5.0 mA. DoC';; TJ ,;; +125°C 


Note: 


1. Load and 
line regulation 
are specified 
at constant 
JunctIon 
temperature. 
Changes 
In Va due to healing 
effects 
muSt 
be taken 
Into account 
separately 


Pulse 
testing 
with 
low duty 
cycle 
is used. 


TYPICAL 
CHARACTERISTICS 
(T A : +250C unless otherwise 
noted.) 
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DEFINITIONS 


Line Regulation 
The change In output 
voltage for a change In 
the 
Input 
voltage. 
The 
measurement 
IS made 
under 
conditions 
of 


low 
diSSipatIon 
or by 
USing pulse 
techniques 
such 
that 
the 
••••erage 


chip 
temperature 
1$ not 
signifIcantly 
affected. 


Output 
NOise 
Voltage 
The 
rms 
ae voltage 
at the 
output, 
With 
constant 
load 
and 
no 
Input 
flpple, 
measured 
over 
a specified 
Ire· 


Quency 
range. 


Long Term Stability 
Output voltage stability under accelerated 
life test conditions With the maximum raled voltage listed In the 
deVices' 
electncal 
charactenstlCS 
and 
maximum 
power 
diSSipation. 


Design Consid ••.• ttons 
The MC7900 
Series of 
fixed voltage regulators are designed 
with 
Thermel Overload Protection 
that shuts down the Circuit 
when subjected to an excessivepower overload conditIon, Internal 
Short·Circuit 
Protection that lLmits the maximum current the Clr· 


cuit will pass,and Output TranSistor Safe-AreaCompensation that 
reduces the output 
short-circuit 
current as the voltage across the 
passtransistor is increased. 


t n many tow current applications, compensation capacitors are 
not required, 
However, It IS recommended that 
the regulator 
input be bypassed with 
a capacitor If the regulator ISconnected 
to the power supply filter With long wire lengths, or If the output 
load capacitance 
IS large. 
An Input bypass capacitor should be 
selected to provide good hlgh·frequency characteristics to Insure 
stable operation under atl toad conditions. 
A 0.33 ~F Of larger 
tantalum. mylar, or other capaCitor haVinglow Internal Impedance 
at high frequencies should be chosen.lThe bypasscapacitor should 
be mounted with the shortest possible leadsdirectly acrossthe reg- 
ulators input terminals. 
Normally 
good construction 
techniques 
should be used to minimize 
ground loops and lead resistance 
drops since the regulator has no external senselead. Bypassing the 
output 
IS also recommended. 


Gnd 
Gnd 
-Mounted on common he.t sink. Motorola MS-10 or equivalent. 


When a boost transistor is used, short-circuit currents are equal 
to 
the sum of 
the series pass and regulator limits. 
which are 
measured at 3.2 A and 1.8 A respectively in this case. series pass 
limiting 
is approximately equal to 0.6 V/RSC. Operation beyond 
this point to the peak current capability of the MC7905C is pos- 
sible if the regulator is mounted on a heat sink; otherwise thermal 
shutdown will occur when the additional load current is picked up 
by the regulator. 


r 
1 
. 
OJJF 


Gnd 
• 
J+ 
1 
. 
OJJF 


The MC7905,1-5.0 V regulator can be used asa constant current 
source when connected asabove. The output current is the sum of 
resistor A current and quiescent bias current as follows: 


5.0V 
10= -R- 
+18 


The quiescent current for this regulator is typically 
4.3 mA. 


The 5.0 volt regulator was chosen to minimize dissipation and to 
allow 
the output 
voltage to o~rate 
to within 
6.0 V below the 
input voltage. 


+20 V 
+15 V 
Input 
Output 


0.33 JJF 
1N4001 
or Equiv 


Gnd 
Gnd 


-20 V 
-15 V 
Input 
Output 


The MC7815 and MC7915 positive and negative regulators mly 
be connected as shown to obtain a dual power supply for oper- 
ational Implifiers. 
A cllmp 
diode shoutd be used It the output of 
the MC7815 to prevent potential latch-up problems whenever the 
output of the positive regulator (MC7815) is drawn below ground 
with an output current greater than 200 mA. 


~ 
MOTOROLA 


THREE-TERMINAL 
LOW CURRENT 
NEGATIVE VOLTAGE REGULATORS 


The MC79LOO Series negative 
voltage 
regulators 
are inexpen- 


sive, easy-to-use 
devices suitable 
for numerous 
applications 
re- 


quiring 
up to 100 mA. Like the higher 
powered 
MC7900 Series 
negative 
regulators, 
this series features 
thermal 
shutdown 
and 
current 
limiting, 
making them remarkably 
rugged. In most appli- 


cations, 
no external 
components 
are required for operation. 
The MC79LOO devices are useful for on-card regulation 
or any 
other application 
where a regulated 
negative voltage at a modest 
current 
level is needed. These regulators 
offer substantial 
advan- 
tage over the common 
resistor/zener 
diode approach. 


• 
No External Components 
Required 


• 
Internal 
Short-Circuit 
Current 
Limiting 


• 
Internal Thermal 
Overload 
Protection 


• 
Low Cost 


• 
Complementary 
Positive Regulators Offered 
(MC78LOO Series) 


• 
Available 
in Either 
± 5% lAC) or ± 10% (C) Selections 


Device 
No. 
j: 100/0 
Device 
No. ± 5% 
Nominal 
Voltage 


MC79L05C 
MC79L05AC 
-5.0 
MC79L12C 
MC79L12AC 
-12 
MC79L15C 
MC79L15AC 
-15 
MC79L1SC 
MC79L1SAC 
-1S 
MC79L24C 
MC79L24AC 
-24 


#Automotive 
temperature range selections are available with special test conditions and 


additional tests in 5. 12 and 15 volt devices. Contact your local Motorola sales office for 
information. 


THREE-TERMINAL 
LOW 
CURRENT 
NEGATIVE 
FIXED 
VOLTAGE 
REGULATORS 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 29-04 


PIN 1. GROUND 


2. INPUT 
3. OUTPUT 


G SUFFIX 
METAL 
PACKAGE 
CASE 
79-05 


PIN 1. GROUND 


2. OUTPUT 
3. INPUT 


IBonom 
View) 


ICase 
Connected 
To Pin 31 


D SUFFIX 
PLASTIC 
PACKAGE 


CASE 751-02 
SOP-S 


PIN 1 VOUT 


2. VIN 
3. VIN 
4. NC 


5 GND 
6 VIN 
7 VIN 
8. NC 


sop-s 
is an internally 
modified 
50-8 
Package. 
Pins 
2. 3. 6 and 7 are electrically common 
to the die 
attach 
flag. 
This 
internal 
lead 
frame 
modification 
decreases 
package 
thermal 
resistance 
and 


increJses power dissipation 
capability 
when 
appropriately 
mounted 
on 
a printed 
circuit 
board. 


50P·8 
conforms 
to 
all 
external 
dimensions 
of the 


standard 
50·8 
Package. 


ORDERING 
INFORMATION 


Tested 
Operating 


Device 
Temperature 
Range 
Package 


MC79LXXACD' 
SOP-8 


MC79LXXACG' 
Metal 
Can 


MC79LXXACP 
TJ = DOCto + 125'C 
Plastic 
Power 


MC79LXXCG' 
Metal 
Can 


MC79LXXCP 
Plastic 
Power 


MC79LXXABP'" 
TJ = 
- 40°C 
to 
+ 125°C 


XX 
indicates 
nominal 
voltage 


• Available 
in 
5, 12 and 
15 volt 
devices 


Rating 
Symbol 
Value 
Unit 


Input Voltage 
1-5 VI 
VI 
-30 
Vdc 
1- 12,-15,-18 
VI 
-35 
1-24 
VI 
-40 


Storage 
Temperature 
Range 
Tste 
- 65 to + 150 
'c 


Junction 
Temperature 
Range 
TJ 
Oto 
+150 
'c 


MC79L05C. 
AC Series ELECTRICAL 
CHARACTERISTICS 
IVI = -10 V, 10 = 40 mA, CI = 0.33 ~F, Co = 0.1 ~F, 


OoC < T J < +12SoC 
unless 
otherwise 
noted.l 


MC79LOSC 
MC79LOSAC 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Output 
Voltage 
IT J = +2SoCl 
Vo 
-4.6 
-5.0 
-S.4 
-4.8 
-5.0 
-5.2 
Vdc 


Input 
Regulation 
Regline 
mV 
ITJ = +250C) 
-7.0 Vdc" 
VI" 
-20 Vdc 
- 
- 
200 
- 
- 
150 
-8.0 Vdc " VI "-20 
Vdc 
- 
- 
150 
- 
- 
100 


Load Regulation 
Regload 
mV 
TJ = +250C,1.0mA" 
10" 
100mA 
- 
- 
60 
- 
- 
.60 
1.0 mA " 10 " 40 mA 
- 
- 
30 
- 
- 
30 


Output 
Voltage 
Vo 
Vdc 


-7.0 Vdc" 
VI" 
-20 Vdc, 1.0mA" 
10" 
40mA 
-4,5 
- 
-5.5 
-4.75 
- 
-S.2S 
VI =-10Vdc, 
1.0mA"lo"70mA 
-4.5 
- 
-5.5 
-4.75 
- 
-5.25 


Input 
Bias Current 
liB 
mA 
ITJ = +250CI 
- 
- 
6.0 
- 
- 
6.0 
ITJ = +1250CI 
- 
- 
5.5 
- 
- 
5.5 


Input 
Bias Current 
Change 
I\IIB 
mA 


-8.0 Vdc " VI " -20 Vdc 
- 
- 
1.5 
- 
- 
1.5 


1.0 mA " 10 " 40 mA 
- 
- 
0.2 
- 
- 
0,1 


Output 
Noise Voltage 
Vn 
- 
40 
- 
- 
40 
- 
~V 
ITA = +250C, 10 Hz" 
f 
'" 100 kHzI 


Ripple Rejection 
RR 
40 
49 
- 
41 
49 
- 
dB 
I-B.O> 
VI" 
18 Vdc, f = 120 Hz, TJ = 250CI 


Dropout 
Voltage 
lVI-VOl 
- 
1.7 
- 
- 
1.7 
- 
Vdc 


10 ~ 40 mA. TJ ~ 
+2S'C 


MC79L12C. 
AC ELECTRICAL 
CHARACTERISTICS 
(VI = -19V,IO 
=40mA,CI 
= 0.33~F,CO= 
0.1 ~F, 


OoC < T J < +12SoC 
unless 
otherwise 
noted.) 


MC79L12C 
MC79L 12AC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
IT J = +2SoC) 
Vo 
-11.1 
-12 
-12.9 
-115 
-12 
-12.5 
Vdc 


Input 
Regulation 
Regline 
mV 
ITJ = +250C) 
-14.5 Vdc" 
VI" 
-27 Vdc 
- 
- 
250 
- 
- 
250 
-16 Vdc ~ VI> -27 Vdc 
- 
- 
200 
- 
- 
200 


Load Regulation 
Regload 
mV 


TJ = +250C,1.0mA" 
10" 
100mA 
- 
- 
100 
- 
- 
100 
1.0mA" 
10 "40mA 
- 
- 
50 
- 
- 
50 


Output 
Voltage 
Vo 
Vdc 
-14.~ Vdc" 
VI" 
-27 Vdc, 1.0mA" 
10" 
40mA 
-10,8 
- 
-13.2 
-11.4 
- 
-12.6 
VI = -19 Vdc, 
1.0 mA" 
10 to;70mA 
-10.8 
- 
-13.2 
-11.4 
- 
-12.6 


Input 
Bias Current 
liB 
mA 
ITJ = +2SoC) 
- 
- 
6.5 
- 
- 
6.5 
ITJ = +1250C) 
- 
- 
6.0 
- 
- 
6.0 


Input 
Bias 
Current 
Change 
'liB 
mA 
-16 Vdc;> VI "-27 
Vdc 
- 
- 
1.5 
- 
- 
1.5 


1.0 mA '" 10 '" 40 mA 
- 
- 
0.2 
- 
- 
0.1 


Output 
Noise 
Voltage 
Vn 
- 
BO 
- 
- 
80 
- 
~V 
IT A = +2SoC. 10 Hz:ll; 
f 
'" 100 kHz) 


Ripple Rejection 
RR 
36 
42 
- 
37 
42 
- 
dB 
1-15" 
VI" 
-25 Vdc, f = 120Hz, TJ = +250CI 


Dropout 
Voltage 
lVI-VOl 
- 
1.7 
- 
1.7 
- 
Vdc 
10 ~ 40 mA. TJ = + 25°C 


MC79L 
15C, AC ELECTR 
ICAL 
CHARACTER 
ISTICS 
IV, 
= -23 v, 10 = 40 mA, C, = 0.33 ~F, Co = 0.1 ~F, 


OOC < T J < +12SoC 
unless 
otherwise 
noted.! 


MC79Ll5C 
MC79L15AC 


CherKteristic 
Symbol 
Min 
Typ 
M•• 
Min 
Typ 
M•• 
Unit 


Output Voltage IT J = +250CI 
Vo 
-13.8 
-15 
-16.2 
-14.4 
-15 
-15,6 
Vdc 


Input Regulation 
Regline 
mV 


ITJ = +250CI 
-17.5 Vdc :> V,:> -30 Vdc 
- 
- 
300 
- 
- 
300 
-20 Vdc :> V, :>-30 Vdc 
- 
- 
250 
- 
- 
250 


Load Regulation 
Aegload 
mV 
TJ = +250C,l.0mA 
<; 10 <; 100mA 
- 
- 
150 
- 
- 
150 
1.0mA 
<; '0<;40mA 
- 
- 
75 
- 
- 
75 


Output 
Voltage 
Vo 
Vdc 
-17.5Vdc:> 
V,:> 
-30Vdc,1.0mA<;lo<;40mA 
-13.5 
- 
-16.5 
-14.25 
- 
-15.75 
V, = -23 Vdc, 1.0 mA <; '0 <; 70mA 
-13.5 
- 
-16.5 
-14.25 
- 
-15.75 


Input Bias Current 
"B 
mA 
ITJ = +25OCI 
- 
- 
6.5 
- 
- 
6.5 
ITJ = +1250CI 
- 
- 
6.0 
- 
- 
6.0 


Input 
Bias Current 
Change 
611B 
mA 
-20 Vdc :> V, :> -30 Vdc 
- 
- 
1.5 
- 
- 
1.5 
1.0 mA <; 10 <; 40 mA 
- 
- 
0.2 
- 
- 
0.1 


Output Noise Voltage 
Vn 
- 
90 
- 
- 
90 
- 
~V 
ITA = +250C,10 
Hz <; f <; 100 kHzl 


Ripple Rejection 
RR 
33 
39 
- 
34 
39 
- 
dB 
H8.5 
<; V, <; -28.5 Vdc, f = 120 Hz} 


Dropout 
Voltage 
'v,-vO' 
- 
1.7 
- 
- 
1.7 
- 
Vdc 
10 = 40 mA, TJ ~ 
+ 25°C 


MC79L 
18C, AC ELECTRICAL 
CHARACTERISTICS 
IV, 
= -27 V, '0 
= 40 mA, C, = 0.33 "F, Co = 0.1 "F. 


oDe < TJ < +12SoC unless otherWIse 
noted,) 


MC79L 18C 
MC79L18AC 


eMir.cteristic 
Symbol 
Min 
Typ 
M" 
Mi" 
Typ 
M•• 
Unit 


Output 
Voltage 
ITJ 
0= +2SoCI 
Vo 
-16.6 
-18 
-19.4 
-17.3 
-18 
-18.7 
Vdc 


Input 
Regulation 
Regline 
mV 
ITJ = +250C} 
-20.7 Vdc •• V, •• -33 Vdc 
- 
- 
- 
- 
- 
325 
-21.4 Vdc •• V, :>-33 Vdc 
- 
- 
325 
- 
- 
- 


-22 Vdc :> V, :>-33 Vdc 
_. 
- 
275 
- 
- 
- 


-21 Vdc •• V, :> -33 Vdc 
- 
- 
- 
- 
- 
275 


Load Regulation 
Regload 
mV 
TJ= +250C,1.0mA 
<; '0 <; 100mA 
- 
- 
170 
- 
- 
170 
1.0 mA <; 10 <; 40 mA 
- 
- 
85 
- 
- 
85 


Output 
Voltage 
Vo 
Vdc 


-20.7 Vdc :> V, :> -33 Vdc, 1.0 mA<; '0 <;40 mA 
- 
- 
- 
-17.1 
- 
-18.9 


-21.4 
Vdc;;a. 
VI;;;t 
-33 
Vdc, 
1.0 mA 
~ 10 'i;40mA 
-16.2 
- 
-19.8 
- 
- 
- 


V, = -27 Vdc, 1.0 mA <; '0 <;70 mA 
-16.2 
- 
-19.8 
-17.1 
- 
-18.9 


Input 
Bias Current 
'iB 
mA 
ITJ = +250C) 
- 
- 
6.5 
- 
- 
6.5 
ITJ = +1250C} 
- 
- 
6.0 
- 
- 
6.0 


Input 
Bias Current 
Change 
1\118 
mA 
-21 Vdc:> V,:> 
-33 Vdc 
- 
- 
- 
- 
- 
1.5 


-27 Vdc :> V, :> -33 Vd~ 
- 
- 
1.5 
- 
- 
- 


1.0 mA <; '0 <; 40 mA 
- 
- 
0.2 
- 
- 
0.1 


Output 
Noise Voltage 
Vn 
- 
150 
- 
- 
150 
- 
"V 
ITA= +250C, 10 Hz <; f <; 100 kHz) 


Ripple Rejection 
RR 
32 
46 
- 
33 
48 
- 
d8 
1-23 <; VI <; -33 Vdc, f = 120 Hz, TJ = +250C} 


Dropout 
Voltage 
,'VI-VO' 
- 
1.7 
- 
- 
1.7 
- 
Vdc 


'0 
= 40 mA, TJ = +25°C 


• 


MC79L24C 
MC79L24AC 


Chlr8cteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Mo. 
Unit 


Output 
Voltage 
IT J ::: +250CI 
Vo 
-22.1 
-24 
-25.9 
-23 
-24 
-25 
Vdc 


Input Regulation 
Regline 
mV 
tTJ : +250CI 
-27 Vdc ;> V I ;> -38 V 
- 
- 
- 
- 
- 
350 
-27.5 Vdc ;> VI ;>-38 Vdc 
- 
- 
350 
- 
- 
- 


-28 Vdc ;> VI;> -38 Vdc 
- 
- 
300 
- 
- 
300 


Load Regulation 
Re910ad 
mV 
TJ: 
+250C. 1.0 mA" 
'0" 
100 mA 
- 
- 
200 
- 
- 
200 
1.0mA 
"10" 
40mA 
- 
- 
100 
- 
- 
100 


Output 
Voltage 
Vo 
Vdc 
-27 Vdc ;> VI;> 
-38 V. 1.0 mA" 
10" 40 mA 
- 
- 
- 
-22.8 
- 
-25.2 


-28 Vdc ;> VI ;> -38 Vdc. 1.0 mA " 10" 40mA 
-21.4 
- 
-26.4 
- 
- 
- 


VI·-33Vdc.l.0mA"lo"70mA 
-21.4 
- 
-26.4 
-22.8 
- 
-25.2 


Input Bias Current 
liB 
mA 
ITJ = +250CI 
- 
- 
6.5 
- 
- 
6.5 
ITJ' 
+1250CI 
- 
- 
6.0 
- 
- 
6.0 


Input Bias Current Change 
~IIB 
mA 
-28 Vdc ;> VI ;> -38 Vdc 
- 
- 
1.5 
- 
- 
1.5 


1.0 mA " 10 " 40 mA 
- 
- 
0.2 
- 
- 
0.1 


Output 
Noise Voltage 
Vn 
- 
200 
- 
- 
200 
- 
~V 
ITA = +250C. 10 Hz" 
f " 
100 kHzl 


Ripple Rejection 
RR 
30 
43 
- 
31 
47 
- 
d8 


1-29" 
VI " -35 Vdc. f • 
120 Hz. TJ • 250CI 


Dropout 
Voltage 
lVI-VOl 
- 
1.7 
- 
- 
1.7 
- 
Vdc 
10 ~ 40 mA, TJ = + 25°C 


Design Considerations 
The MC79LOOSeries of fixed voltage 
regulators 
are 
designed with Thermal 
Overload 
Protection that shuts 
down the circuit when subjected to an excessive power 
overload 
condition, 
Internal 
Short-Circuit 
Protection 
that limits the maximum 
current the circuit will pass. 
In many low current 
applications, 
compensation 
ca- 
pacitors are not required. 
However, it is recommended 
that the regulator 
input be bypassed with a capacitor if 
the regulator 
is connected 
to the power supply 
filter 
with long wire lengths, or if the output load capacitance 


is large. An input bypass capacitor should be selected 
to provide good high-frequency 
characteristics to insure 
stable operation 
under all load conditions. 
A 0.33 !J.For 
larger tantalum, 
mylar, or other capacitor 
having 
low 
internal 
impedance 
at high frequencies 
should be cho- 
sen. The bypass capacitor should be mounted with the 
shortest 
possible 
leads directly 
across the regulator's 
input terminals. 
Normally good construction 
techniques 
should be used to minimize 
ground 
loops and lead re- 
sistance drops since the regulator has no external sense 
lead. Bypassing the output 
is also recommended. 


Input 


CI" 
0.33 JLF 


A common 
ground is required between the input and 
the output voltages. The input voltage must remain typ- 
ically 2.0 V above the output 
voltage 
even during the 
low point on the input ripple voltage. 


• 
= CI is required if regulator is located an appreciable 
distance from power supply filter. 


•• = Co improves 
stability 
and transient 
response. 


TYPICAL 
CHARACTERISTICS 
(TA = + 2S'C unless otherwise noted.) 


FIGURE 
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DROPOUT 
VOLTAGE 
v•••••• 
JUNCTION 
TEMPERATURE 


8.0 


;;;:; 
0 
6.0 
~ 
w 
'"~ 
0 
4.0 
> 
>- 


~ 
6 
2.0 
> 


I 


I 


MC79L05C 
- 


VO·-5.0V 
TJ 
= 25°C 


10" 
1.0mA 
/. ~ 
"; ~ 


lo:40~ 
~ 
'0" 
IOOmA 


/ 


FIGURE 
5 - 
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FIGURE 
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® MOTOROLA 


THREE-TERMINAL 
NEGATIVE VOLTAGE REGULATORS 


The MC79MOO Series of fixed output 
negative voltage regula- 


tors are intended as complements 
to the popular MC78MOOSeries 
devices. 
Available 
in fixed 
output 
voltage 
options 
of 
- 5.0, -12 and 


-15 volts, these regulators employ current limiting, thermal shut- 
down, and safe-area compensation 
- 
making them remarkably 
rugged 
under 
most operating 
conditions. 
With 
adequate 
heat- 
sinking they can deliver output currents in excess of 0.5 ampere. 


• 
No External Components 
Required 


• 
Internal Thermal 
Overload Protection 


• 
Internal Short-Circuit 
Current limiting 


• 
Output Transistor 
Safe-Area Compensation 


Output 
Tested 
Operating 
Package 
Device 
Voltage 
Junction 
Temp. 
Range 


MC79MOSCDT, 
CDT-1 
DPAK 
MC79MOSCT 
-S.O 
Volts 
PLASTIC 
POWER 
MC79M12CDT, 
CDT-1 
O·C to + 12S·C 
DPAK 
MC79M12CT 
-12 
Volts 
PLASTIC 
POWER 
MC79M1SCDT, 
CDT-1 
DPAK 
MC79M1SCT 
-1S 
Volts 
PLASTIC 
POWER 


MC79MOO 
Series 


THREE- TERMINAL 
NEGATIVE 
FIXED 
VOLTAGE 
REGULATORS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUITS 


T SUFFIX 
PLASTIC 
PACKAGE 


CASE 
221A-04 


PIN 1. GROUND 
2. INPUT 
3. OUTPUT• 


3 


DT SUFFIX 
PLASTIC 
PACKAGE 
CASE 
369A-03 
DPAK .' 


3 
DT-1 SUFFIX 
PLASTIC 
PACKAGE 
CASE 
369-03 
DPAK 


Input 
r_M_C~79_X_X_1 
Output 


Cin- 
? 
CO •• 


0.331"F 
± 
1.01"F 


A common 
ground 
is required 
between 
tne 
input and the output 
voltages. 
The input volt- 
age must 
remain 
typically 
1.1 V more 
nega- 


tive even 
during 
the high point 
on the input 


ripple 
voltage. 


XX 
~ 
these 
two 
digits 
of the 
type 
number 
indicate 
voltage. 


* - 
Cin is required 
if regulator 
is located 
an appreciable 
distance 
from 
power 
supply 
filter. 
*. - Co improves 
stability 
and 
transient 
response. 


Rating 
Symbol 
Value 
Unit 


Input 
Voltage 
VI 
-35 
Vdc 


Power 
Dissipation 
Plastic 
Package 


TA = 
+25·C 
PD 
Internally 
Limited 
Watts 


Derate 
above 
TA = 
+ 25·C 
lIR8JA 
14.2 
mwrc 
TC = 
+25·C 
PD 
Internally 
Limited 
Watts 
Derate 
above 
T C = 
+ 95·C 
lIR8JC 
200 
mwrc 


Storage 
Junction 
Temperature 
Rang~ 
Tsto 
-65 
to 
+ 150 
·C 


Junction 
Temperature 
Range 
TJ 
Oto 
+150 
·C 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
Resistance. 
Junction 
to Ambient 
R9JA 
65 
·CIW 


Thermal 
Resistance, 
Junction 
to Case 
R9JC 
5.0 
·CIW 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
(T J = 
+ 25·C) 
Va 
-4.8 
-5.0 
-5.2 
Vdc 


Line 
Regulation 
IT J = 
+ 25·C) (Note 
1) 
Regline 
mV 


-7.0 
Vdc 
'" VI '" 
-25 
Vdc 
- 
7.0 
50 


-8.0 
Vdc 
'" VI '" 
- 18 Vdc 
- 
2.0 
30 


Load 
Regulation 
IT J = 
+ 25·C) 
(Note 
11 
Regload 
- 
30 
100 
mV 


5.0 mA 
'" 10 '" 500 mA 


Output 
Voltage 
Va 
-4.75 
- 
-5.25 
Vdc 


-7.0 
Vdc 
'" VI '" 
-25 
Vdc, 
5.0 mA 
'" 10 '" 350 mA 


Input 
Bias Current 
(T J = 
+ 25·C) 
liB 
- 
4.3 
8.0 
mA 


Input 
Bias Current 
Change 
AIIB 
mA 


- 8.0 Vdc'" 
VI '" 
- 25 Vdc, 10 = 350 mA 
- 
- 
0.4 


5.0 mA 
'" 10 '" 350 mA, 
VI = 
-10 
V 
- 
- 
0.4 


Output 
Noise 
Voltage 
ITA = 
+ 25·C, 
10 Hz '" f '" 100 kHz) 
Vn 
- 
40 
- 
p.V 


Ripple 
Rejection 
If = 
120 Hz) 
RR 
54 
66 
- 
dB 


Dropout 
Voltage 
VI-Va 
- 
1.1 
- 
Vdc 
10 = 500 mA, 
TJ = 
+25·C 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
AVoJAT 
- 
0.2 
- 
mvrc 
10 = 5.0 mA, 
o·C '" TJ 
'" 
+ 125·C 


Note: 


1. 
Load 
and 
line 
regulation 
are 
specified 
at constant 
junction 
temperature. 
Changes 
in Vo due 
10 heating 
effects 
must 
be taken 
into 
account 
separately. 


Pulse 
testing 
with 
low 
duty 
cycle 
is used. 


• 


Characteristic 
Symbol 
Mln 
Typ 
Max 
Unit 


Output Voltage (TJ = + 25'C) 
Vo 
-11.5 
-12 
-12.5 
Vdc 


line Regulation ITJ = + 25'C) INote 1) 
Regline 
mV 
-14.5 
Vdc " VI " 
- 30 Vdc 
- 
5.0 
80 
mV 


-15Vdc"VI" 
-25Vdc 
- 
3.0 
50 


Load Regulation ITJ = +25'C) iNote 11 
Regload 
- 
30 
240 
mV 
5.0 mA '" 10 '" 500 mA 


Output Voltage 
Vo 
-11.4 
- 
-12.6 
Vdc 
-14.5 
Vdc " VI " 
- 30 Vdc, 5.0 mA '" 10 '" 350 mA 


Input Bias Current (TJ = + 25'C) 
liB 
- 
4.4 
8.0 
mA 


Input Bias Current Change 
~IIB 
mA 
-14.5 
Vdc " VI " 
- 30 Vdc, 10 ~ 350 mA 
- 
- 
0.4 
5.0 mA '" 10 '" 350 mA, VI ~ -19 V 
- 
- 
0.4 


Output Noise Voltage ITA = + 25'C, 10Hz'" f '" 100 kHz) 
Vn 
- 
75 
- 
/LV 


Ripple Rejection if = 120 Hz) 
RR 
54 
60 
- 
dB 


Dropout Voltage 
VI-VO 
- 
1.1 
- 
Vdc 
10 = 500 mA, TJ = +25'C 


Average Temperature Coefficient of Output Voltage 
~VO/~T 
- 
-0.8 
- 
mvrc 


10 = 5.0 mA, O'C '" TJ '" + 125'C 


Charlcteriltic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage ITJ = + 25'C) 
Vo 
-14.4 
- 15 
-15.6 
Vdc 


line Regulation iTJ ~ + 25') (Note 1) 
Regline 
mV 
- 17.5 Vdc " VI " 
- 30 Vdc 
- 
5.0 
80 
- 18 Vdc " VI " 
- 28 Vdc 
- 
3.0 
50 


Load Regulation (TJ = + 25'C) (Note 1) 
Regload 
- 
30 
240 
mV 
5.0 mA '" 10 '" 500 mA 


Output Voltage 
Vo 
-14.25 
- 
-15.75 
Vdc 


-17.5 
Vdc" 
VI " 
-30 Vdc, 5.0 mA '" 10 '" 350 mA 


Input Bias Current ITJ ~ + 25'C) 
liB 
- 
4.4 
8.0 
mA 


Input Bias Current Change 
~IIB 
mA 
-17.5 
Vdc " VI " 
- 30 Vdc, 10 = 350 mA 
- 
- 
0.4 
5.0 mA '" 10 '" 350 mA, VI = - 23 V 
- 
- 
0.4 


Output Noise Voltage ITA = + 25'C, 10Hz'" 
f '" 100 kHz) 
Vn 
- 
90 
- 
/LV 


Ripple Rejection If ~ 120 Hz) 
RR 
54 
60 
- 
dB 
Dropout Voltage 
VI-VO 
- 
1.1 
- 
Vdc 
10 = 500 mA, TJ = +25'C 


Average Temperature Coefficient of Output Voltage 
~VoJ~T 
- 
-1.0 
- 
mvrc 
10 = 5.0 mA, erc •• TJ •• + 125'C 


Note: 
1. lOld 
end line regulation Ire specified 
at constl"t 
junction temperature. 
Change. in Vo due to heating 
effects must be taken into Iccount 
separately. 


Pulae tuting with low duty cycle i, used. 


@ MOTOROLA 


SWITCHMODE PULSE WIDTH MODULATION 
CONTROL CIRCUITS 


The MC35060 
and 
MC34060 
are 
low cost fixed 
frequency, 
pulse 


width 
modulation 
control 
circuits 
designed 
primarily 
for 
single 


ended 
SWITCH 
MODE 
power 
supply 
control. 
These 
devices 
feature: 


• 
Complete 
Pulse 
Width 
Modulation 
Control 
C"cUltry 


• 
On-Chip 
Oscillator 
With 
Master 
or Slave 
Operation 


• 
On-Chip 
Error 
Amplifiers 


• 
On-Chip 
50 
Volt 
Reference 


• 
Adjustable 
Dead Time 
Control 


• 
Uncommitted 
Output 
Transistor 
for 200 mA Source 
or Sink 


PIN CONNECTIONS 


Non-Inv 
Non·ln" 


Input 
Input 


Inv 
Inv 


Inpur 
Input 


Campen 
PWM 


Vrel 
Comp 
Input 


Dead - Time 
NC 
Control 


CT 
VCC 


RT 


Ground 


(Top View) 


The MC34060 
,s specified 
over the commerotal 
operating 
range 
of 


O°C to +70°C. 
The MC35060 
is speCified 
over the full 
military 
range 
of -55 
to + 125°C. 


MC34060 
MC35060 


SWITCHMODE 
PULSE WIDTH 
MODULATION 
CONTROL 
CIRCUITS 


P SUFFIX 
PLASTIC PACKAGE 


CASE 646-06 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 632-08 


ORDERING 
INFORMATION 


Temperature 
Device 
Range 
Package 


MC35060L 
-55 to +' 25°C 
Ceramic 
DIP 


MC34060P 
o to +70oC 
PlastiC DIP 


MC34060L 
o to +70oC 
Ceramic DIP 


II 


The MC35060/34060 
is a fixed-frequency 
pulse width 
modulation 
control 
circuit, incorporating 
the primary 
building 
blocks required for the control of a switching 
power supply. (See Figure '.) An internal-linear 
saw- 
tooth 
oscillator 
is frequency-programmable 
by two 
external 
components, 
RT and CT- The approximate 
oscillator frequency is determined by: 


f 
=-'_.'- 
osc - 
RT. 
CT 


For more information 
refer to Figure 3. 


Output 
pulse width 
modulation 
is accomplished 
by 
comparison of the positive sawtooth waveform across 
capacitor CTto either of two control signals. The output 
is enabled only during that portion 
of time when the 
sawtooth 
voltage 
is greater than the control 
signals. 


Therefore, 
an increase 
in control-signal 
amplitude 
causes a corresponding 
linear decrease of output pulse 
width. (Refer to the timing diagram shown in Figure 2.) 


The control signals are external inputs that can be fed 
into the dead-time control, the error amplifier 
inputs, or 


the feed-back input. The dead-time control comparator 
has an effective 
120 mV input offset which 
limits the 
minimum 
output dead time to approximately 
the first 
4% of the sawtooth-cycle 
time. This would 
result in a 
maximum duty cycle of 96%. Additional 
dead time may 
be imposed 
on the output 
by setting 
the dead time- 


control 
input to a fixed voltage, ranging between 0 to 
3.3 V. 


The pulse width 
modulator 
comparator 
provides 
a 
means for the error amplifiers to adjust the output pulse 
width from the maximum 
percent on-time, established 
by the dead time control 
input, down to zero, as the 
voltage at the feedback pin varies from 0.5 to 3.5 V. Both 


error amplifiers have a common-mode 
input range from 


- 0.3 V to (VCC- 2 V), and may be used to sense power 
supply output voltage and current. The error-amplifier 
outputs are active high and are ORed together 
at the 
non-inverting 
input of the pulse-width 
modulator 
com- 
parator. 
With 
this 
configuration, 
the amplifier 
that 
demands minimum 
output on time, dominates 
control 
of the loop. 


The MC35060/34060 
has an internal 
5.0 V reference 
capable of sourcing 
up to 10 mA of load currents for 
external 
bias circuits. 
The reference 
has an internal 
accuracy of 
:!: 5% with 
a typical 
thermal 
drift 
of less 
than 50 mV over an operating 
temperature 
range of 0 
to + 70·C. 


Rating 
Symbol 
MC35060 
MC34060 
Unit 


..- 


Power Supply Voltage 
Vee 
42 
42 
V 


Collector 
Output 
Voltage 
Ve 
42 
42 
V 


Collector 
Output 
Current 
Ie 
250 
250 
mA 


AmplifIer 
Input Voltage 
V,n 
Vee 
+ 0.3 
Vee 
+ 0.3 
V 


Power 
DISSipation 
@ T A ~ 
45°C 
PD 
1000 
1000 
mW 


Operating 
JI.mCllon 
Temperature 
TJ 
·e 
PlastiC Package 
- 
125 
Ceramic 
Package 
150 
150 


Operating 
Ambient 
Temperature 
Range 
TA 
-55 to 125 
Oto 70 
·e 


Storage Temperature 
Range 
TSI9 
·e 


PlastiC Package 
- 
-55 to 125 
Ceramic 
Package 
-65 to 150 
-65 to 150 


r 
Characteristic 
l Suffix 
P Suffix 
Symbol 
Ceramic Package 
Plastic 
Package 
Unit 


i Thermal 
Resistance, 
Juncllon 
to Ambient 
ROJA 
100 
80 
°C/W 


1 Power Derating 
Factor 
l/ROJA 
10 
12.5 
mW/oC 


I Deratmg 
Ambient 
Temperature 
TA 
50 
45 
·e 


Power Supply Voltage 


Colleclor 
Output 
Voltage 


Amplifier 
Input 
Voltage 


CUfrenl 
In10 
Feedback 
Terminal 


Reference 
Output 
Current 


Timing 
Resisior 


Tlmmg 
Capacitor 


OscIllator 
Frequency 


-- 
---- 
-- 


Symbol 
MC35060/ 
MC34060 


Min 
Typ 
Max 
Unit 
- 
- 
~ - 
- 
- 


Vee 
70 
15 
40 
V 
- 


Ve 
- 
30 
40 
V 
- 
- 


Ie 
- 
- 
200 
mA 
--- 


Vin 
-0 3 
- 
Vee - 2 
V 
- 


If b 
- 
- 
03 
mA 


Iref 
- 
- 
10 
mA 
- 


RT 
18 
47 
500 
kn 


eT 
00047 
0001 
10 
~F 
----_. 


fosc 
1.0 
25 
200 
kHz 
--- 


II 


ELECTRICAL 
CHARACTERISTICS 
VCC = 15 V, CT = 0.01 I"F, RT = 
12 kO unless 
otherwise 
noted. 
For typical 
values 
TA 
= 25"C, 


for minImax 
values 
TA is the operating 
ambient 
temperature 
range 
that applies 
unless 
otherwise 
noted. 


Reference 
Voltage 
Vref 
4.75 
50 
5.25 
4.75 
5.0 
5.25 
V 
(10= 
1.0 mAl 


Input Regulation 
Regime 
- 
2.0 
25 
- 
2.0 
25 
mV 


(VCC = 7.0 V to 40 VI 


Output 
Regulation 
Regload 
- 
3.0 
15 
- 
30 
15 
mV 


(10 = 1.0 mA to 10 mAl 


Short-Circuit 
Output 
Current 
ISC 
15 
35 
75 
15 
35 
75 
mA 
(Vre! = 0 V) 


Collector 
Off-State 
Current 
IC(off) 
- 
2.0 
100 
- 
2.0 
100 
"A 
(VCC = 40 V, VCE = 40 V) 


Emitter 
Off· State 
Current 
IE(off) 
- 
- 
-150 
- 
- 
-100 
"A 


(VCC = 40 V, Vc = 40 V. VE = a VI 


Collector-Emitter 
Saturation 
Voltage 
Vsat(CI 
- 
11 
1 5 
- 
11 
13 
V 


Common-Emitter 
(VE = OV,IC= 
200 mAl 


Emitter-Follower 
VsatlEI 
- 
1 5 
25 
- 
1 5 
25 
V 


(Vc = 15 V. IE = -200 
mAl 


Output 
Voltage 
Rise Time 
(TA = 25"CI 
I 


Common-Emitter 
(See Figure 
12) 
" 
- 
100 
200 
- 
100 
200 
ns 


Emitter-Follower 
(See Figure 
13) 
- 
100 
200 
- 
I 
100 
200 
ns 


Output 
Voltage 
Fall Time (TA = 25°CI 


Common-Emitter 
(See Figure 
12) 
If 
- 
25 
100 
- 
25 
100 
ns 


Emitter-Follower (See Figure 13) 
- 
40 
100 
- 
40 
100 
ns 


Input Offset Voltage 
VIO 
- 
20 
10 
mV 


(VOl Pin 3J = 2.5 VI 


Input Offset 
Current 
110 
- 
50 
250 
nA 


(VClPin 3J = 2.5 V) 


Input Bias Current 
liB 
- 
-0.1 
-1.0 
"A 


(VOIPin 
3J = 2.5 V) 


Input 
Common-Mode 
Voltage 
Range 
VICR 
-0.3 
to 
- 
- 
V 


IVCC = 40 V, TA = 25"C) 
VCC-2.0 


Open Loop Voltage 
Gain 
AVOL 
70 
95 
- 
dB 
(..WO = 3.0 V, Vo = 0.5 to 35 
V, RL = 2.0 kill 


ELECTRICAL CHARACTERISTICS 
VCC ~ 
15 V, CT = 0.01 I"F, AT = 12 kO unless 
otherwise 
noted. 
For typical 
values 
TA = 25·C, 


for minImax 
values 
TA is the operating 
ambient 
temperature 
range that applies 
unless 
otherwise 
noted . 


Unity-Gain 
Crossover 
Frequency 
'e 
- 
350 
- 
kHz 
IVO = 0.5. to 35 
V. AL = 2.0 klll 


Phase Margin at Unity-Gain 
<Pm 
- 
65 
- 
deg. 
(Va = 0 5 to 3 5 V. RL = 20 
klll 


Common-Mode 
Rejection 
Ratio 
CMRR 
65 
90 
- 
dB 


IVCC = 40 VI 


Power Supply Rejection 
Ratio 
PSRR 
- 
lOa 
- 
dB 


1..wCC = 33 V. Va = 2.5 V. AL = 2.0 kll) 


Oulput 
Sink 
Current 
10- 
03 
07 
- 
mA 


1VOIP'" 31= 0 7 VI 
------ 


Output 
Source Current 
10' 
-2.0 
-4.0 
- 
mA 


1VOIP,n 31 = 3 5 VI -- 
- 
-- 


PWM COMPARATOR 
SECTION 
(Test ClfCUlt 
Figure 11) 


f 


,npu, 
Threshold Voltage 
-- 
-------- 


(Zero DUly Cycle) 
------ 
---- 


Input 
Sink 
Current 


1VE'n31 
07V} 
_ 


DEAD-TIME 
CONTROL 
SECTION 
(Tesl ClfCUl1 
Figure 11) 


Input 
Btas 
Current 
(Pin 
4) 
IV,n 
0 to 5 2.5 VI 


Maximum 
Output 
Duty 
Cycle 
IVin 
= 0 V, CT ~ 0.01 I"F, AT ~ 12 klll 
IVin 
~ 0 V, CT ~ 0.001 I"F, AT = 47 knl 


VTH 
- 
35 
45 
V 


11- 
03 
07 
- 
mA 


-~ 
--- 


Input 
Threshold 
Voltage 
(Pin 
4) 


(Zero 
Duty 
Cycle) 


lMaxlmum 
Duty 
Cycle) 


I 
IIBIDTI 


DCmax 


VTH 


1 


fosc 


Frequency 
Change 
wIth 
Voltage 
IVcc 
70V<040V.TA 
2.5'CI 


Frequency 
Change 
with Temperature 


(.lTA 
~ Tlow 
to Thigh) 


ICT = 0.01 I"F, AT ~ 12 klll 


TOTAL 
DEVICE 


Standby 
Supply 
Current 


(Pin 6 at Vref. all other Inputs and outputs open) 
(VCC 
15 V) 
IVCC = 40 VI 


• 


II 


lit 
lOt 
10' 
SOk 
lOOk 
lOOk 


RT TIMING RESISTANCE1111 


-- 


I 


VCC = 
l1V_ 


....•. 
~VO 
= 
JV_ 


"'-. 


RL = 2111 


'" 
AVOL 
""- 
i 


"- 
-.. 


""- 
1""'- 


"" 


"" 


""- 


10 


~ 
18 


=>~~ 
16 
=> 
0 
" 


14 
i 
11 


;=6 
10 
~~ 8 ° 
z 
u 
60 
~~ 


4 ° 
>-' 
0 
'" 
1 ° 


11 
I1111 
I 


- 


VCC = 15 V 


- 
V(PIN 41 = 0 V 
I 
! 


,II 
I. 
eT ",,0001 
J,lF 
-- 1°'(1 
-f::= 


I 


-40 
~~ 
-60 
<.0e 


-80 
~ 


- 100 ~,.; 


FIGURE 
7 - 
EMITTER 
FOLLOWER 
CONFIGURATION 
OUTPUT·SATURATION 
VOLTAGE 
versus 


EMITTER 
CURRENT 
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100 
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80 
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FIGURE 
8 - 
COMMON 
EMITTER 
CONFIGURATION 


OUTPUT·SATURATION 
VOLTAGE 
versus 


COLLECTOR 
CURRENTrYX 
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Oead- 
VCC 
150 II 


2W 
Tesl 
{ 
Time 
Inputs 
Feedback 


RT 
C 
Output 


CT 
E 
Feedback 


1+1 


) 
Error 


Terminal 
-=- 


IPm 3) 
1-) 


(+) 


-=- 
H 
Ref 


50 kll 
Out 
Gnd 


C 
c;'" 


VQ 


To Output 
Voltage 
of 


System 


( 160R') 
Max °0 On Time 
92 
,.- 
R2 


To Outpul 


Voltage 
of 
Va 
System 


Slave 
IAddillonal 
("cullsl 


150"H@20A 
Vout 
V1n = 80 
to 40 V 
TIP 32 


5.0 V 
lOA 


47 


47 
k 


10 


001 
VCC 
75 


47 k 


C 


10M 


Camp 
MC34060 
50~I 


14 
MR850 
T 1000 
001 
63V 
13 


47 
k 
12 
Vref 
Gnd 


DT 
CT 
RT 


4 
5 
6 
10 
16 V 


0001 
47 
k 
47 
k 
'I 
47 k 


150 
390 


01 


l-- 
RESULTS_ 


V1n 
= 8 ~~ 
4_0_V_, _10":'1 ~ r- 25 mV 
0 5°'c 


Vm 
12 V. 10 = 1 0 mA to lOA 
I 
30 
mV 
006°0 


V,n m,1;1OA 
t-75 
mV pop 
PAR 
D 
~---- 
I 
- 


Vm 
12 V_ Rl ~ OIl! 
t 
1 6 A 


V1n 
- 12 V. 10 = lOA 
73°'0 
-------- 
-- 
--- 


Load Regulation 


Output 
Ripple 


II 
-v 


28 V 
05A 


005 
II 


33k" 


10 


VCC 


13 
~- 


12 


300 
f/ 


II 
1 I--. 


T1P 


111 


l\ 
01 


Vref 


DT 


7 
Gnd- 


CT 
RT 


TEST 
CONOITIONS 
RESULTS 
~ 


Line Regulation 
V,n = 8.0 V to 26 V. '0 = 05 A 
40.mV 
0.14% 


Load Regulation 
Vin = 12 V. 10 = 1 0 mA to 0 5 A 
50 mV 
018'0 
i 


Output 
RIpple 
VIO = 12 V. '0 = 0 5 A 
i 
24 mV pop 
PAR 
D 
I 


Efficiency 
VIO 
= 12 V. 10= 0 5 A 
75°0 
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FIGURE 20 - 
STEP-UP/DOWN 
VOLTAGE 
INVERTING 
CONVERTER 
WITH SOFT-START 
AND 
CURRENT 
LIMITING 
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TEST 
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RESULTS 
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Line Regulation 
Vm;; 
80 V to 40 V. 10 = 250 mA 
52 mV 
0.35% 
-- 
- 
------- 


load Regulation 
V1n 
:::. 12 v. 10 = 1 mA to 250 
mA 
47 mV 
032% 


Output 
Ripple 
V,n = 12 V. 10 = 250 mA 
10 mV p p. PAR 
D. 


Short 
Circuit 
Current 
Vin= 
12V. 
RL=Ol 
fl 
330 mA 
-- 
----- 


Efficiency 
V,n = 12 V. 10 = 250 mA 
86% 


2.2 M 
33 k 
001 
Camp 
75 
k 


lN4687 
6 8 k 
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47 


VOU1 
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10 
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15k 
47 k 


27 k 
1.0 


11k 


1N4148 
2.7 k 


TEST 
CONDITIONS 
RESULTS 


LIne Regulation 
5.0 V 
V,n = 95 to 135 Vae. 10 = 30 
A 
20 mV 
0.40% 


Lme Regulation 
±12 V 
V1n " 95 to 135 Vac. 10 = ±O 75 A 
52 mV 
026% 
- 


Load Regulation 
5 0 V 
V,n = 115 Vae, 10 = 1 0 to 4.0 A 
476 mV 
9.5% 


Load Regulation 
-+:12V 
Vin = 115 V.e, 
10 = ±0.4 
to ±09 
A 
300 mV 
2.5% 
- 


Output 
Ripple 5 0 V 
V,n = 115 Vae, 10 = 3 0 A 
45 mV p.p PARD 


Output 
RIpple ±12 
V 
Vm = 115 Vae, 10 = '0.75 
A 
75 mV p.p P.A.R.D 


Efficiency 
Vm; 
115Vac. 
105.0 
V = 3.0 A 
74% 


10 ±12 = ±0.75 
A 


II 


T2 


Core: 
Coileraft 
11·464·16, 0.025" 
9ap 
in each leg 


Bobbin: 
Coileraft 37·573 


Windings: 


Primary, 2 each: 


75 turns 
#26 Awg Bifilar wound 


Feedback: 


15 turns #26 Awg 


Secondary, 
5.0 V: 


6 turns 
'22 
Awg 
Bifilar wound 


Secondary, 
2 each: 


14 turns #24 Awg Bifilar wound 


Coileraft Z7 156, 15jlH 
@ 5.0 A 


L2, L3 
Coiler.ft 
Z7157, 25jlH 
@ 1.0 A 


® MOTOROLA 


PRECISION SWITCHMODE 
PULSE WIDTH MODULATION 
CONTROL CIRCUITS 


The 
MC35060AIMC34060AIMC33060A 
are low 
cost 
fixed 
frequency, 
pulse 
width 
modulation 
control 
circuits 
designed 
primarily 
for single ended SWITCHMODE 
power supply 
control. 


These devices 
feature: 
The 
MC34060A 
is specified 
over 
the 
commercial 
operating 
range of O· to + 70·C. The MC35060A 
is specified 
over the full 
military 
range 
of 
- 55· to + 125·C. The MC33060A 
is specified 
over the vehicular 
temperature 
range of - 40· to + 85·C. 


• 
Complete 
Pulse Width 
Modulation 
Control Circuitry 


• 
On-Chip Oscillator 
With Master or Slave Operation 


• 
On-Chip Error Amplifiers 


• 
On-Chip 5.0 Volt Reference, 1.5% Accuracy 


• 
Adjustable 
Dead Time Control 


• 
Uncommitted 
Output 
Transistor 
Rated to 500 mA Source or Sink 


• 
Undervoltage 
Lockout 


• 
Available 
in Surface Mount 
Package 


MC34060A 
MC35060A 
MC33060A 


PRECISION 
SWITCHMODE 
PULSE WIDTH 
MODULATION 
CONTROL 
CIRCUITS 


P SUFFIX 
PLASTICPACKAGE 
CASE646-06 


o SUFFIX 


PLASTICPACKAGE 
CASE751A-02 


SO-14 


L SUFFIX 


CERAMICPACKAGE 
CASE632-08 


ORDERING INFORMATION 


Temperature 
Device 
Range 
Package 


MC35060AL -550 to + 125'C 
Ceramic 
DIP 


MC34060AD 
SO-14 Plastic DIP 


00 to + 70 C 


MC34060AP 
Plastic DIP 


MC33060AD 
SO-14 Plastic DIP 
.-40' to + 85'C 
MC33060AP 
Plastic DIP 


II 


II 


Capacitor 
CT ~ 


Feedback 
P W.M. 


Comparator 
~ 


Dead-Time ContrOl./" 


The MC35060Ai34060A 33060A is a fixed-frequency 


pulse width 
modulation 
control circuit, incorporating 


the primary building blocks required for the control of 
a switching power supply. (See Figure 1.1An internal- 
linear sawtooth oscillator is frequency-programmable 
by two external components, RT and CT. The approxi- 
mate oscillator frequency is determined by: 


Output 
pulse width 
modulation 
is accomplished 
by 
comparison 
of the positive sawtooth 
waveform 
across 
capacitor CT to either of two control signals. The output 
is enabled only during that portion of time when the 
sawtooth voltage is greater than the control 
signals. 


Therefore, 
an increase 
in control-signal 
amplitude 
causes a corresponding linear decrease of output pulse 
width. (Refer to the timing diagram shown in Figure 2.) 


f 
~~~ 
osc - 
RT. 
CT 


For more information refer to Figure 3. 


The control signals are external inputs that can be fed 
into the dead-time control, the error amplifier 
inputs, or 
the feedback input. The dead-time control 
comparator 
has an effective 
120 mV input offset which 
limits 
the 
minimum 
output 
dead time to approximately 
the first 
4% of the sawtooth-cycle 
time. This would 
result in a 
maximum 
duty cycle of 96%. Additional 
dead time may 
be imposed 
on the output 
by setting 
the dead time- 


control 
input to a fixed voltage, 
ranging 
between 0 to 
3.3 V. 


The pulse width 
modulator 
comparator 
provides 
a 
means for the error amplifiers to adjust the output pulse 
width from the maximum 
percent on-time, established 
by the dead time control 
input, down to zero, as the 
voltage at the feedback pin varies from 0.5to 3.5 V. Both 


error amplifiers have a common-mode 
input range from 


- 0.3 V to (VCC- 2.0 Vl. and may be used to sense power 
supply output voltage 
and current. The error-amplifer 
outputs 
are active high and are ORed together 
at the 
non-inverting 
input of the pulse-width 
modulator 
com- 


parator. 
With 
this 
configuration, 
the amplifier 
that 
demands minimum 
output on time, dominates 
control 
of the loop. 
The MC35060Al34060Al33060A 
has an internal 5.0 V 
reference capable of sourcing up to 10 mA of load cur- 
rents for external 
bias circuits. 
The reference 
has an 
internal accuracy of :t 1.5% with a typical thermal 
drift 
of less than 50 mV over an operating temperature 
range 
of 0' to +70'C. 


Rating 
Symbol 
MC35060A 
MC34060A 
MC33060A 
Unit 


Power 
Supply 
Voltage 
VCC 
42 
42 
42 
V 


Collector 
Output 
Voltage 
Vc 
42 
42 
42 
V 


Collector 
Output 
Current 
(Note') 
IC 
500 
500 
500 
mA 


Amplifier 
Input 
Voltage 
Range 
VIR 
-0.3 
to 
+42 
-0.3 
to 
+42 
- 0.3 to 
+42 
V 


Power 
Dissipation 
(a TA """45 C 
Po 
1000 
1000 
1000 
mW 


Operating 
Junction 
Temperature 
TJ 
"C 
Plastic 
Package 
- 
125 
125 
Ceramic 
Package 
150 
- 
- 


Operating 
Ambient 
Temperature 
Range 
TA 
- 55 to 
- 125 
a to 70 
-40 
to 
+85 
'c 


Storage 
Temperature 
Range 
Tstg 
°c 
Plastic 
Package 
- 
- 55 to 
+ 125 
- 55 to 
.125 


Ceramic 
Package 
-65 
to 
-150 
- 
- 


L Suffix 
P Suffix 
o Suffix 
Ceramic 
Plastic 
Plastic 
Characteristic 
Symbol 
Package 
Package 
Package 
Unit 


Thermal 
Resistance, 
Junction 
to Ambient 
RHJA 
lOa 
80 
120 
°CIW 


Derating 
Ambient 
Temper:~ure 
TA 
50 
45 
45 
'c 


MC35060AlMC34060AlMC33060A 


ConditionNalue 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Voitage 
VCC 
7.0 
15 
40 
V 


Collector 
Output 
Voltage 
Vc 
- 
30 
40 
V 


Collector 
Output 
Current 
IC 
- 
- 
200 
mA 


Amplifier 
Input Voltage 
Vin 
-0.3 
- 
VCC - 2 
V 


Current 
Into Feedback 
Terminal 
Ifb 
- 
- 
0.3 
mA 


Reference 
Output 
Current 
Iref 
- 
- 
10 
mA 


Timing 
Resistor 
RT 
1.8 
47 
500 
kll 


Timing 
Capacitor 
CT 
0.0047 
0.001 
10 
p.F 


Oscillator 
Frequency 
fosc 
1.0 
25 
200 
kHz 


PWM 
Input 
Voltage 
(pins 3 and 4) 
- 
-0.3 
- 
5.3 
V 


II 


II 


Reference 
Voltage 
Vref 
V 


110 
1.0 mA. 
TA 
25 Ci 
4.925 
5.0 
5.075 


110 
1.0 mAl 
4.9 
- 
5.1 


Line Regulation 
Regline 
- 
2.0 
25 
mV 
(VCC = 7.0 V to 40 V. 10 = 1.0 mAl 


Load Regulation 
Regload 
- 
2.0 
15 
mV 
(10 
1.0 mA 
to 10 mAl 


Short-Circuit 
Output 
Current 
ISC 
15 
35 
75 
mA 


(Vre! .-0 VI 


Collector 
Off· State 
Current 
ICloffl 
- 
20 
100 
p.A 


IVCC 
40 V. VCE 
40 VI 


Emitter 
Off-State 
Current 
IEloffi 
- 
- 
100 
p.A 


IVCC 
40 V. Vc 
40 V. VE 
o Vi 


Collector-Emitter 
Saturation 
Voltage 
(Note 
2/ 
VsatlCI 
-- 
11 
15 
V 


Common-Emitter 


IVE 
o V. IC 
200 mAl 


Emitter-follower 
VsatlEI 
- 
15 
2.5 


IVC 
15 V. IE 
200 mAl 
------ 
-- 
- 
- 
- 


Output 
Voltage 
Rise Time 
(T A 
25 CI 
t, 
ns 
Common-Emitter 
(See Figure 
12\ 
- 
100 
200 


Emitter-Follower 
(See Flgu~e 13) 
- 
100 
I 
200 
- 
- 


Output 
Voltage 
Fall Time 
IT A 
25 Cl 
tf 
ns 
Common-Emitter 
(See Figure 
121 
- 
40 
100 


I 
Emitter-Follower 
(See 
FIgure 
131 
- 
40 
100 
-- 
-'- - 
- 
-- 


- 
-- 


Input 
Offset 
Voltage 
VIO 
- 
2.0 
10 
mV 


IVOIPin 
31 
25 
Vi 
-- 
-- 
- -- 


Input 
Offset 
Current 
110 
- 
5.0 
250 
nA 


IVCIP," 
31 
2.5 VI 


Input BIas Current 
liB 
- 
01 
I 
2.0 
p.A 


1VOIPin 
31 
2.5 VI 


Input 
Common-Mode 
Voltage 
Range 
VICR 
o to 
- 
- 
V 
(VCC 
40 VI 
I 
VCC 
2.0 


Inverting 
Input 
Voltage 
Range 
; 


VIRllNVi 


I 


0.3 to 
-- 
- 
V 


VCC 
2.0 


Open 
Loop Voltage 
Gain 
AVOL 
70 
95 
- 
dB 


I..IVO 
3.0 V. Vo 
0.5 to 35 
V. RL 
2.0 KP) 


ELECTRICAL CHARACTERISTICS 
(VCC ~ 
15 V, CT ~ 0.01 ).IF, RT ~ 
12 kll 
unless 
otherwise 
noted. 
For typical 
values 


TA 
= 25°C, for minImax 
values 
TA is the operating 
ambient 
temperature 
range that 
applies 
unless 
otherwise 
noted.) 


Unity·Gain 
Crossover 
Frequency 
tc 
- 
600 
- 
kHz 


(Va 
~ 0.5 to 3.5 V, RL ~ 2.0 kIll 


Phase 
Margin 
at Unity-Gain 
J>m 
- 
65 
- 
deg. 


(Va = 0.5 to 3.5 V, RL = 2.0 I;ll) 


Common-Mode 
Rejection 
Ratio 
CMRR 
65 
90 
- 
dB 


(VCC ~ 40 V, Vin = 0 V to 38 VI 


Power 
Supply 
Rejection 
Ratio 
PSRR 
- 
100 
- 
dB 


(~VCC = 33 V, Va 
~ 2.5 V, RL = 2.0 klll 


Output 
Sink Current 
10 
03 
0.7 
- 
mA 


(VOIPin 
3] = 0.7 VI 


Output 
Source 
Current 
10' 
2.0 
4.0 
- 
mA 


(Val Pin 3) = 3.5 VI 


Input 
Threshold 
Voltage 
VTH 
- 
3.5 
4.5 
V 
(Zero 
Duty 
Cyclel 


Input 
Sink Current 
I( 
0.3 
0.7 
- 
mA 


(VIPin 
3) ~ 0.7 VI 


Input 
Bias Current 
(pin 4) 
IIB(DTI 
- 
1.0 
-10 
!LA 
(Vin 
o to 5.25 VI 


Maximum 
Output Duty Cycle 
DCmax 
% 


(Vin 
o V, CT 
0.01 ).IF, RT 
12 kl!l 
90 
96 
100 


(Vin 
o V, CT 
0.001 ).IF, RT - 
47 kIll 
- 
92 
- 


Input 
Threshold 
Voltage 
(Pin 41 
VTH 
V 
(Zero 
Duty 
Cyclel 
- 
2.8 
3.3 
(Maximum 
Duty 
Cycle) 
0 
- 
- 


Frequency 
fose 
kHz 


(CT 
0.01 ).IF, RT 
12 kIll 


TA = 25°C 
9.7 
10.5 
11.3 


TA 
= Tlow 
to Thigh 
9.5 
- 
12.5 
(CT - 
0.001 ).IF, RT - 
47 k!ll 
- 
25 
- 


Standard 
Deviation 
of Frequency· 
triose 
- 
1.5 
- 
00 


(CT = 0.001 ).IF, RT = 47 klll 


Frequency 
Change 
with 
Voltage 
c.fosc(c.VI 
- 
0.5 
2.0 
00 


(VCC 
~ 7.0 V to 40 VI 


Frequency 
Change 
with 
Temperature 
c.fosc(c.TI 
00 


(c.TA 
= Tlow 
to Thighl 
- 
4.0 
- 


(CT = 0.01 ).IF, RT = 12 kll) 
- 
- 
- 


Turn-On 
Threshold 
(Vec 
increasing. 
Iref 
1.0 mA) 


Hysteresis 


Standby 
Supply 
Current 
ICC 
mA 
(Pin 6 at Vref. 
all other 
inputs 
and outputs 
open) 
(VCC 
~ 
15 VI 
- 
5.5 
10 


(VCC ~ 40 VI 
- 
7.0 
15 


Average 
Supply 
Current 
IS 
- 
7.0 
- 
mA 
(VIPin 
41 = 
2.0 V, CT = 0.001 ).IF, RT 
47 kll). 
See Figure 
11. 
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TEST 
CONDITIONS 
RESULTS 


LIne Regulation 
V,n' 
8 a V to 40 V. la 
lOA 
25 mV 
05°0 


Load RegulatIon 
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'2 V. la ' lamA 
to lOA 
3 a mV 
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Short 
CtrCUlI 
Current 
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TEST 
CONDITIONS 
RESULTS 


Line Regulation 
Vin = 8.0 V to 26 V, 10 = 0.5 A 
40mV 
0.14% 


Load Regulation 
Vm = 12 V, 10 = 10 
mA to 05 
A 
50 
mV 
0.18% 


Output Ripple 
Vm= 
12V, 
10=0.5A 
24 mV p-p PAR.D 


Efficiency 
V,n = 12 V, 10 = 0.5 A 
75% 
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TEST 
CONDITIONS 
RESULTS 


Line Regulation 
Vin; 
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0.35% 


Load Regulation 
Vin; 
'2 
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14 
MC34060A 


13 
8 


12 
7 


Vref 
Gnd 


82 
k 
oT 
CT 
AT 


4 
5 
6 
200 
47 


10 
0001 
15k 
47 k 


27 k 
10 
11 k 


lN4148 
27 
k 


TEST 
CONDITIONS 
RESULTS 


Line Rogulallon 
50 
V 
V1n :::95 to 135 Vac. 10 
30A 
20 mV 
040% 
~~- 


Line 
Regulation"+: 
12 
V 
V,n ~ 95 to 135 Vae, 10 ~ ~O 75 A 
52 mV 
026% 
- 


Load Regulation 
5 0 V 
V,n ~ 115 Vae, 10 ~ IOta 
4 0 A 
476 mV 
95% 
- 


Load Regulallon 
+12 V 
V,n ~ 115 Vae, 10 ~ :to 4 to :to 9 A 
300 mV 
25% 
---- 
- -- 


Output 
Ripple 5 0 V 
V1n 
=- 115 Vac. 10 - 30 
A 
45 mV POpPAR 
0 


Output 
Ripple 
-+ 12 V 
V1n = , 15 Vac. 10 ~ ~O 75 A 
75 mV p.p P A A 0 


Efficiency 
VI" 
= 115 Vac, 105.0 
V ~ 30 
A 
74% 


10 :t12 = :to,75 
A 


T2 


Core: 


Coileralt 
11·464-16, 0,025" 
9ap 


in each 
leg 


Bobbin: 


Coileraft 37-573 


Windings: 


Primary, 2 each; 


75 turns '26 
Awg Bifilar wound 


Feedback: 


15 turns #26 AW9 


Secondary, 
5.0 V: 
6 turns 
'22 
Awg 
Bifilar wound 


Secondary, 
2 each: 


14 turns '24 
Awg Bifilar wound 


Coileraft 27156, 
15 jlH 
@ 5,0 A 


L2, L3 
Coileraft 27157, 
25jlH 
@ 1.0 A 


® MOTOROLA 


THREE·TERMINAL 
OVERVOLTAGE "CROWBAR" 
SENSING CIRCUIT 


The MC34061,A overvoltage 
protection 
(OVP) circuit, 
in com- 


bination 
with two external 
programming 
resistors and a "crow- 
bar" SCR, protects sensitive electronic circuitry 
from overvoltage 
damage. 
It senses an overvoltage 
condition 
and quickly 
"crow- 


bars," or short circuits, the supply. An external capacitor may be 
used to program a minimum 
overvoltage 
duration before tripping, 


thus providing 
noise immunity. 


This three-terminal 
circuit 
provides 
a cost-effective 
means of 
protecting 
either positive or negative power supplies. The unique 
design of the MC34061,A eliminates trip voltage and temperature 
drift errors due to SCR gate variations. 
The basic MC34061,A device offers 
a 
:!: 2% tolerance 
on the 
sense trip voltage. The A-suffix device has a :!: 1% sense trip volt- 
age specification 
and other key parameters have tightened 
limits. 


The device is available in a low-cost plastic package and features: 


age and features: 


• Unique Three-Terminal 
Design 


• SCR Gate Drive Output of 200 mA 


• Sense Voltage of 2.5 V 
:!: 1% or 
:!: 2% 


• Hysteresis 
of 250 mV 


• Wide Supply 
Range: 4.0 V'" 
VCC '" 41 V 


Rating 
Symbol 
Value 
Unit 


Operating 
Voltage 
VCC-VDRV 
40 
Vdc 


Sense 
Voltage 
VSense 
40 
Vdc 


Drive 
Output 
Current 
'DRV 
Internally 
mA 
Limited 


Operating 
Ambient 
Temperature 
Range 
TA 
o to + 70 
'c 


Operating 
Junction 
Temperature 
TJ 
150 
'c 


Storage 
Temperature 
Range 
Tstn 
-65 
to + 150 
'c 


FUNCTIONAL 
BLOCK DIAGRAM 
,-------------, 


MC34061 
MC34061A 


THREE· TERMINAL 
PROGRAMMABLE 
OVERVOLTAGE 
SENSING 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PSUFAX 
PLASTIC 
PACKAGE 
CASE 
29-04 


Pin 1. VCC 


2. 
Drive 
Output 


3. 
Sense 


Drive 
Output 
2 
(DRV) 


•• 


II 


CC- 
DRV = 
; 
A= 
low 
hiah 


MC34061A 
MC34061 


Characterlttlc 
Symbol 
Mln 
Typ 
Ma. 
Mln 
Typ 
Ma. 
Unit 


Operating Voltage Range 
VCC-VDRV 
3.0 
- 
40 
3.0 
- 
40 
Vdc 


Sense Trip Voltage 
VSense 
Vdc 
TA ~ 25·C 
2.475 
2.5 
2.525 
2.45 
2.5 
2.55 
Tlow to Thiah (Note 1) 
2.45 
2.5 
2.55 
2.4 
2.5 
2.6 


Line Regulation. VSense 
Regline 
%IV 
(3.0'" 
VCC-VDRV 
'" 40 V) 
TA ~ 25·C 
- 
0.001 
0.005 
- 
0.001 
0.01 


Tlow to Thiah (Note 1) 
- 
0.001 
0.01 
- 
0.001 
0.02 


Input Bias Current, Sense Pin 
liB 
pA 
At Trip Point INote 2) 
- 
0.3 
1.0 
- 
0.3 
2.0 
After Trip (VSense = 3.0 VI 
- 
0.9 
3.0 
- 
0.9 
6.0 


Hysteresis Voltage, Sense Pin 
VH 
- 
250 
- 
- 
250 
- 
mV 


Drive Output Current, ON State 
IDRV(on) 
mA 
TJ = 25·C 
130 
200 
300 
130 
200 
300 
Tlow to Thiah (Note 11 
90 
- 
350 
90 
- 
350 


Drive Output Current, OFF State 
IDRV(off) 
mA 
VCC-VDRV 
= 5.0 V 
0.2 
0.6 
1.0 
0.2 
0.6 
1.0 
3.0 V'" 
VCC-VDRV 
'" 40 V 
0.2 
0.6 
1.5 
0.2 
0.6 
1.5 


Drive Output Current Slew Rate 
dildt 
- 
2.0 
- 
- 
2.0 
- 
A/p.s 
TA = 25·C 


Drive Output VCC Transient Rejection 
t>IDRV(trans) 
- 
1.0 
- 
- 
1.0 
- 
mA 
VCC-VDRV 
~ 0 V to 15 V at dV/dt = 
(Peak) 
200 V/p.s; VSense = 0 V; TA = 25·C 


Propagation Delay Time (TA ~ 25·C) 
tpLH 
- 
500 
- 
- 
500 
- 
ns 
500 mV Overdrive 


NOTES: 
(1) Tlow to Thigh: 
O·Cto 70·C 


(2) This specification is an engineering estimate based on design parameters, and is nol tested. 


Drive 
2 


Output 
A 


IORV 


• A 1.0 JJFtantalum 
or 10 iJFelectrolytic 
capacitor 
may be necessary 
to compensate 
for lead inductance 
when 
measuring 
Hysteresis 
Voltage. 
When 
this capacitor 
is used. it should be placed as close 8S possible to the device package. 


FIGURE 
2 - 
DRIVE 
CURRENT 
versus 
SENSE 
VOLTAGE 
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-I 
I 
MC340S1.A 
I 
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I 
I 
I 
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I 
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I 
I 
I 
I 
L.... 
.J 


Rl 
+ R2 
Gnd 
Vtrip = --- 
(25 VI 
R, 


BASIC CIRCUIT CONFIGURATION 


The MC34061,A consists of a 2.5 V shunt reference, a 
comparator 
with 250 mV hysteresis and a power output 
transistor. 
In the typical application of Figure 8, the volt- 


h' 
.. 
f 
. 
VCC A2 
age at t e mvertmg 
Input 0 the comparator 
IS Al + A2' 


while the voltage at the non-inverting 
input is VCC - 2.5 
V. Thus, given (Al' 
A2) voltage divider, the comparator's 
output 
state is a function 
of VCC' The following 
table 
applies: 


Drive 
VCC 
Output 


Al 
+ A2 
<--- 
(2.5 V) 
OFF State 
Al 


Al 
+ A2 
>--- 
(2.5V) 
ON State 
Rl 


By making the proper choice of A1and A2' a level detector 
for 
any voltage 
within 
the device's 
operating 
voltage 
range may be realized. A few precautions are necessary, 
however. 


Note that even in the OFF State, a minimum 
drive out- 
put current, equal to the sum of the reference and com- 
parator supply currents, is available. Therefore, a means 
of shunting 
this current 
away from the driven circuit is 
necessary. In the example 
of Figure 8, a 100 n resistor 
(AGK) is used, producing 
a voltage at the Drive Output 
of approximately 
60 mV in the OFF State. 


In the ON State the MC34061,A becomes a current 
source capable of saturating 
to within 
2.0 V of VCC. 


Therefore, when driving a high impedance load, it may 
be desirable to clamp the drive output to at least 3.0 V 
below VCC (VCC - 
VDAV'" 
3.0 V) if it is important 
that 
the voltage reference continue to regulate. 


1 
VCC 
COLY 
R1 


+ 
Drive 
Sense 
I 
I Output 
~r 
Power 
MC34061,A 
Supply 
3 
I 
I Z 
RG 


- 


RZ 
RGK 


PROGRAMMING 
A MINIMUM 
OVERVOLTAGE 
DURATION 
BEFORE TRIPPING 


A time delay may be programmed 
into the operation 
of the MC34061,A to provide noise immunity. 
This time 
delay is implemented 
by adding 
a capacitor 
(CDLyl 
between the VCC and Sense leads as shown in Figure 
9. The time delay obtained by this technique is a func- 
tion of Rl' R2 and CDLY as well as the nominal supply 
voltage, VCC(nom!, and the overvoltage supply voltage, 
VCc- The nominal supply voltage determines the initial 
charge on CDLy, while the magnitude 
of the overvol- 


tage 
condition 
determines 
the 
rate at which 
CDLY 
charges to the reference voltage, Vref = 2.5 V. Thus, 
for a given Rl' R2 and CDLy, the time delay is reduced 
as the overvoltage 
is increased. The expression for the 
time delay, TDLy, is: 


tDLY = R1R2CDLY In [VCC - 
VCClnom)] 
Rl + R2 
VCC - 
Vtrip 


Rl + R2 
Vtrip = --R-l- 
(2.5 V) 


Figure 6 shows 
the CDLY values versus delay time 
(tDLY) for a typical 5.0 V power supply protection 
circuit. 


The figure also shows the change in tDLY with variations 
in the overvoltage 
supply, VCC. In this example Rl = 1.8 
k, R2 = 2.7 k, VCC(nom) = 5.0 V, and Vtrip 
= 6.25 V. 


THE NEED FOR A GATE RESISTOR 


For power supplies above 11 V, a gate resistor, RG' 
in series with the SCR gate is recommended 
to limit the 
power dissipated by the ICto approximately 
2.0 W. This 
resistor will 
protect the MC34061,A in the event of a 
defective or missing SCR, while allowing the maximum 
drive output 
current 
to the gate of the SCR. Figure 7 
shows 
the 
minimum 
recommended 
gate 
resistor, 
RG(min), 
versus 
the 
power 
supply 
voltage, 
VCC. A 
larger value of RG may be used if less drive current 
is 
needed. 


Referring to Figure 10, it can be se••n that the crowbar 
SCR,when activated, is subject to a large current surge 


from 
the 
output 
capacita 
nee, 
Cout- 
This 
capacitance 
consists of the power supply output capacitors, the load's 
decoupling capacitors, and in the case of Figure 10A.the 
supply's input filter capacitors. This surge current is illus- 
trated in Figure 11, and can cause SCRfailure or degra- 
dation by anyone of three mechanisms: di/dt. absolute 
peak surge. or 12t.The interrelationship 
of these failure 
methods and the breadth of the applications make speci- 
fication of the SCR by the semiconductor manufacturer 


difficult 
and 
expensive. 
Therefore. 
the 
designer 
must 


empirically 
determine 
the 
SeR 
and 
circuit 
elements 


which 
result 
in 
reliable 
and 
effective 
OVP 
operation, 


However, 
an understanding 
of the factors 
which 
influence 
the SCR'sdi/dt and surge capabilities simplifies this task. 


gate 
region, 
very 
high 
current 
densities 
can 
occur 
in 
the gate region if high anode currents appear quickly 
(di/dtl. 
This can result in immediate destruction of 
the SCRor gradual degradation of its forward blocking 
voltage capabilities - 
depending on the severity of the 


occasion. 


The value of di/dt that an SCRcan safely handle is 


influenced 
by jts construction 
and 
the 
characteristics 
of the gate drive signal. A center-gate-fire 
SCR has 
more di/dt capability than a corner-gate-fire type. and 
heavily overdrlving (3 to 5 times IGT) the SCR gate 


with 
a fast 
<1.0 
JJs rise 
time 
signal 
will maximize 
Its 


di/dt 
capability. 
A typical 
maximum 
number 
in phase 
control SCRsof less than 50 A(RMSI rating might be 
200 A/!,s. 
assuming a gate current of f,ve times IGT 
and< 10!'s 
rise time. If having done thiS, a dl/dt prob- 


lem 
is seen 
to still exist. 
the designer 
can a Iso decrease 
the di/dt 
of the current waveform by adding induc- 


tance 
in series 
with 
the 
SeR, 
as shown 
in Figure 
12 


Of 
course, 
this 
reduces 
the 
clr.euit's 
ability 
to rapidly 


reduce 
the de bus voltage 
and a tradeoff 
must 
be made 
between speedy voltage reduction and dl dt. 


1. di/dt 


As the 
gate 
region 
of the 
SeR 
is driven 
on, 
its area 


of conduction 
takes 
a finite 
amount 
of time 
to grow, 


starting as a very small region and gradually spreading. 
Since the anode current flows through this turned-on 


2. Surge Current 


If the peak 
current 
and/or 
the duration 
of the surge 


is excessive. 
immediate 
destruction 
due 
to device 
overheating will result. The surge capability of the SCR 


is directly 
proportional 
to 
its 
die 
area. 
If the 
surge 


current 
cannot 
be reduced 
(by adding 
series 
resistance 


- 
see 
Figure 
12) 
to a safe 
level 
which 
is consistent 


with 
the system's 
requirements 
for speedy 
bus voltage 


reduction, 
the designer 
m us! use a higher 
current 
SC R. 


This 
may 
result 
in the average 
current 
capability 
of the 


SeR 
exceeding 
the steady 
state 
current 
requirements 
imposed by the dc power supply. 


Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Referring backto 
Figure 10A, it will be seen that a fuse is necessary if the 
power supply to beprotected is not output current limited. 
This fuse is not meant to prevent SCRfailure but rather 


to prevent 
a fire! 


In order to protect the SCR, the fuse would have to 
possess an 12t rating less than that of the SCR and yet 


have 
a high 
enough 
continuous 
current 
rating 
to survive 
normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 


expensive, 
and 
may 
not even 
be available. 


The 
usual 
design 
compromise 
then 
is to use 
a garden 
variety fuse (3AG or 3AB styleIwhich cannot be relied on 
to blow before the thyristor does, and trust that if the 
SCRdoes fail, it will fail short circuit. In the majority of 
the designs, this will bethe case, though this is difficult to 
guarantee. Of course, a sufficiently high surge will cause 


an open. 
These 
comments 
also applv 
to the fuse 
in Figure 
lOB. 


As an aid in selecting an SCR for crowbar use, the 


following 
selection 
guide 
is presented. 


DEVICE 
IRMS 
IFSM 
PACKAGE 


MCR67 Series 
12 A 
l00A 
Metal Stud 
MCR68 Series 
12A 
100A 
TO-220 Plastic 
2N1842 Series 
16A 
125 A 
Metal Stud 
2N6400 Series 
16A 
160A 
TO-220 Plastic 
2N6504 Series 
25 A 
160A 
TO-220 Plastic 
2N681 Series 
25 A 
200 A 
Metal Stud 
2N2573 Series 
25 A 
260 A 
TO-3 Metal Can 
MCR69 Series 
25 A 
300 A 
TO-220 Plastic 
MCR70 Series 
35 A 
350 A 
Metal Stud 
MCR71 Series 
55 A 
550 A 
Metal Stud 


II 
PIN-PROGRAMMABLE 
OVERVOLTAGE "CROWBAR" 


SENSING CIRCUIT 


The MC34062/35062 
overvoltage 
protection 
(OVPI C"CUlts 
require 
only 
an external 
"crowbar" 
SCR to protect 
sensitive 
electronIc 
cir- 
cuitry 
from 
overvoltage 
damage. 
They 
sense 
an overvoltage 
condi- 


tion and quickly 
"crowbar", 
or short 
circuit. 
the supply. 
An on-chip, 


tapped 
resistor 
network 
allows 
the 
device 
to be programmed 
for 
trip 
voltages 
ranging 
from 
3.5 t040 V. Each of the five 
programming 


pins 
provides 
one standard 
overvoltage 
tnp point 
for nominal 
power 
supply 
voltages 
of 5.0, 12, 15, 24 or 28 V 
Ma ny other 
triP 
voltages 


may be programmed 
by interconnecting 
and grounding 
variOUS 
com- 


binations 
of these 
programming 
pins. 
Tables 
are 
prOVided 
In the 


Applications 
Information 
which 
show 
connection 
schemes 
for 
120 


trip 
voltages. 


These 
circuits 
provide 
a cost-effective 
means 
of protecting 
either 


positive 
or negative 
power 
supplies. 
In addition, 
an external 
capa- 


citor 
may be used to program 
a mintmum 
overvoltage 
duratIOn 
before 


tripping, 
thus 
providing 
noise 
immunity. 
The umque 
desIgn 
of the 


MC34062/35062 
eliminates 
voltage 
and 
temperature 
drift 
errors 
due 
to SCR gate 
variations 


• 
Unique 
Pin-Programmable 
Trip 
Voltage 
from 
35 
to 40 V 


• 
One-Pin 
Programming 
for 50,12,15,24 
and 28 V Power 
Supplies 


• 
SeR 
Gate 
Drive 
Output 
of 200 mA 


• 
Built-In 
Hysteresis 
Voltage 


• 
Wide 
Supply 
Range: 
40 
V';:; 
VCC';:; 
40 V 


~-------------------l 
I 
I 


I 


Drive 


Output 
21DRVI 


I 
I 
r---------J 
I 
I 


Nominal 
Power 
Ground 
Typical 
Supply 
Pin 
Trip 
Voltage 
Number 
Voltage 


5.0 V 
4 
6.2 V 


12 V 
5 
13.7 V 


15 V 
6 
17.1 V 
24 V 
7 
27.4 V 
28 V 
8 
319 
V 


L 
_ 


Pins 4 through 
8 are used to program the Trip Voltage, Vtrip 


PIN-PROGRAMMABLE 
OVERVOLTAGE 
SENSING 
CIRCUIT 


Pl 
SUFFIX 


PLASTIC PACKAGE 


CASE 626-05 


(MC34062 
onJyl 


VCC08 
Drive Output 
2 
7 


Sense 
3 
6 


4 
5 


!Top Viewl 


Note: 
Pins 4 thru 
8 are used 
to program 
the 
Trip 
Voltage, 


Vtrip 


U SUFFIX 
CERAMIC 
PACKAGE 


CASE 693-02 


Temperature 


Device 
Range 
Package 


MC35062U 
-55 
to 
+ 125°C 
Ceran~IC DIP 


MC34062Pl 
PlastiC 
DIP 
o to +70°C 


MC34062U 
Ceramic 
DIP 


Rating 
Symbol 
Value 
Unit 


Operating Voltage 
VCC - VORV 
40 
Vdc 


Voltage Across Any Internal Resistor In Network 
VRN 
40 
Vdc 


Current Through Any ResIstor In Network 
IRN 
10 
mA 


Sense Voltage 
VSense 
40 
Vdc 


DrIve Output Current 
IORV 
Internally 
mA 
Limited 


Operating AmbIent Temperature 
TA 
°C 
MC34062 
o to +70 
MC35062 
-55 
to +125 


Operating Junction Temperature 
TJ 
150 
°C 


Storage Temperature 
Range 
Tstg 
-65 
to +150°C 
°C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Operating Voltage Range 
VCC - VORV 
3.0 
- 
40 
Vdc 


Sense Trip Voltage 
VSense 
Vdc 


TA = 25°C 
2.425 
2.5 
2.575 


Tlow to ThIgh 
2.375 
2.5 
2.625 


LIne Regulation, VSense {3 0 V ~ VCC - VORV ~ 40 VI 
Regllne 
%/V 
TA = 25°C 
- 
0.001 
0.01 


Tlow to ThIgh 
- 
0001 
0.02 


TrIp Voltage (PIn 4 = Gnd: VORV=OV) 
Vtrlp(4) 
V 


TA = 25°C 
6.01 
6.2 
6.39 


Tlow to ThIgh 
5.89 
6.2 
6.51 


HysteresIs Voltage (pIn 4 = Gnd, VORV=OV) 
VH(4) 
- 
0.62 
- 
V 


Trip 
Voltage 
(pin 
5 ~ 
Gnd; 
VORV = a V) 
-- 


Vtrip(S) 
V 
TA = 2SoC 
13.3 
13.7 
14.1 


Tlow to ThIgh 
13.0 
13.7 
14.4 


HysteresIS Voltage (pin 5 = Gnd, VORV:= 0 V) 
VH(5) 
- 
1.37 
- 
V 


Trip Voltage 
(pon 6 = Gnd, VORV = 0 V) 
Vtrlp(6) 
V 


TA = 2SoC 
16.6 
17.1 
17.6 


Tlow to Thigh 
16.2 
17.1 
18.0 


HysteresIs Voltage (Pin 6 = Gnd, VORV = 0 V) 
VH(6) 
- 
1.71 
- 
V 


Trip Voltage (Pin 7 :=Gnd; VORV = 0 VI 
Vtrip(7) 
V 
TA = 25°C 
26.6 
27.4 
28.2 


Tlow to Thigh 
26.0 
27.4 
28.8 


Hysteresis Voltage (Pin 7 = Gnd, VDRV = 0 Vj 
VH(7) 
- 
2.74 
- 
V 


Tnp Voltage (pin 8:= Gnd; VDRV = 0 V) 
Vtrip(8) 
V 
TA = 25°C 
30.9 
31.9 
32.9 


Tlow to ThIgh 
30.3 
31.9 
33.5 


Hysteresis Voltage (Pin 8 = Gnd; VDRV:= 0 V) 
YH(8) 
- 
3.19 
- 
V 


Resistor Network Current at Nominal Power Supply Voltage 
IRN 
0.5 
1.1 
20 
mA 
VCC = 28 V; VORV = 0 V; Pin 8 = Gnd 


Drive Output Current, ON State 
IORV(on) 
mA 
TJ = 2SOC 
130 
200 
300 


Tlow to Thigh 
90 
- 
350 


Drive Output Current, OFF State 
IORV(off) 
mA 
VCC = S.O V; VORV = 0 V 
0.2 
0.6 
1.0 
3.0 V';; 
VCC - VORV';; 
40 V 
0.2 
0.6 
1.5 


Drive Output Current Slew Rate (TA:= 25°CI 
di/dt 
- 
2.0 
- 
A/~s 


Drive Output VCC Transient Rejection 
~IORV(trans) 
- 
1.0 
- 
mA 
VCC = 0 V to 1S V at dV/dt 
= 200 V/~s; 
(Peak) 
VORV = 0 V; VSense = 0 V; TA = 25°C 


Propagation Delay Time (TA = 25°C; 500 mV Overdrive) 
tpLH 
- 
500 
- 
ns 


II 
f'"·" 


co· 
vcc 


Sense 
3 
Drive 
Output 
r:o~ 


4 


5 
MC34062 


6 


7 


8 
1 
-=- 


FIGURE 
2 - 
DRIVE 
CURRENT 
versus 
NORMALIZED 
RESISTOR 
DIVIDER 
VOLTAGE 
(Normalized 
to Vtrip 
at TA = 25°C) 


·A 1.0 IJF tantalum 
or 
10 ~F electrolytic 
capacitor may be 
necessary 
to compensate 


for lead inductance 
when 
measuring 
Hysteresis 


Voltage. 
When 
this 


capacitor 
is used. it 


should 
be placed as 


close as possible to 
the device package. 


C( 
E 
;::-100 
~ 
13 


~ 
10 
o 


FIGURE 
3 - 
NORMALIZED 
TRIP VOLTAGE 
versus 
TEMPERATURE 
(Normalized 
to TA = 25°C) 
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BASIC CIRCUIT 
CONFIGURATION 


The MC34062 and MC35062 each consist of a 2.5 V 
shunt reference, a comparator with built-in hysteresis, 
a power output transistor, and an on-chip, tapped resistor 
network. In the typical application of Figure 11 the volt- 


VCC R2 
age 
at the 
inverting 
input 
of the 
comparator 
is ---, 


R, + R2 


while the voltage at the non-inverting input is VCC- 2.5 V. 
Thus, for a given (R" 
R2) voltage divider, the compara- 


tor's output state is a function of VCC.The following table 
applies: 


VCC 
Drive 
Output 


< R, ;1R2 (25 VI 
OFF State 


> 


R1 + R2 
-R-,-(25V) 
ON State 


By making 
the proper choice 
of R, and R2, a level 


detector 
for any voltage 
from 
35 
to 40 V may be 


realized. 


The 
on-chip 
resistor 
network 
is configured 
as 
shown 


in the Functional Block Diagram on the front page of 
this data sheet. Each of the five programming pins 14 
through 81provides one sta ndard overvoltage trip point 
for nominal power supply voltages of 5.0. 12, , 5, 24 or 
28 V 
These standard trip points are implemented 
by 


grounding 
one of the five programming 
pinS, and are 


summarized in the following table: 


Nominal 
Power 
Ground 
Typical 
Supply 
Pin 
Trip 
Voltage 
Number 
Voltage 


5.0 V 
4 
6.2 V 


'2 V 
5 
, 3.7 V 


'5 V 
6 
'7.1 V 
24 V 
7 
27AV 


28 V 
8 
319 V 


,-----------------' 
I 
I 


I 
I 


I 
I 
I 
Rt 
I 


I 
I 


I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
IL_ 


R, 
+ R2 
Vtrip = --- 
12.5 VI 
Rt 


I 
I 
________________ 
J 


Many other 
trip voltages 
may be programmed 
by 
interconnecting 
and 
grounding 
various 
combinations 
of the programming 
pins. Table 1 provides connection 
schemes 
for 
120 
nominal 
Trip 
Voltages 
(Vtrip). 


Additional Trip Voltages mdY also be implemented with 
other pin connections. All of these Trip Voltages will be 
within ±3.0% of the nominal value at TA = 25°C and with- 
in ±5.0% over the operating temperature range. 


The hysteresis built into the comparator is 250 mV at 
the inverting input. This comparator hysteresis voltage is 
R1+R2 
multiplied bythe ratio ---, 
just as the 2.5 V SenseTrip 
R1 
Voltage (VSense) is multiplied by the same ratio to define 
the Trip Voltage (Vtrip). Thus, the Hysteresis Voltage IVH)is 
approximately 10% of the TripVoltage foranyTripVoltage. 


Some 
precautions 
are 
necessary 
in the operation 
of the 


protection 
circuit 
shown 
in Figure 
11 
Note 
that 
even 
In 
the 
OFF 
State, 
a minimum 
drive 
output 
current, 
equal 
to 


the sum 
of the reference 
and comparator 
supply currents, 


is available. 
Therefore, 
a means 
of shunting 
this 
current 
away 
from 
the 
driven 
circuit 
is necessary. 
In the 
example 


of Figure 1', a 100!l 
resistor (RGKI is used, producing a 


voltage at the Drive Output of approximately 60 mV in the 
OFF State. 
In the ON State the MC34062 becomesa current source 


capable of saturating to within 2.0 V of VCC. Therefore, 
when driving a high impedance load, It may be desirable 
to clamp the drive output to at least 3.0 V below VCC 
IVCC- VDRV;;;'3.0 VI if it is important that the reference 
continue 
to regulate. 


PROGRAMMING 
A MINIMUM 
OVERVOLTAGE 
DURATION 
BEFORE TRIPPING 


A time 
delay 
may be programmed 
into 
the operation 
of 


the 
MC34062135062 
to 
provide 
noise 
immunity. 
This 


time 
delay 
is implemented 
by adding 
a capacitor 
(CDLY) 


between 
the VCC and Sense 
leads as shown 
in Figure 
12. 


The time 
delay 
obtained 
by this 
technique 
is a function 
of 


the 
internal 
resistors 
(R1, 
R21 and 
CDLY, 
as well 
as the 


nominal 
supply 
voltage, 
VCC(nom), 
and the overvoltaged 


supply 
voltage 
VCC. 
The 
nominal 
supply 
voltage 
deter- 


mines 
the initial 
charge 
on CDLY, while 
the magnitude 
of 


the 
overvoltage 
condition 
determines 
the 
rate 
at which 


CDL Y charges 
to the reference 
voltage, 
Vref = 2.5 V. Thus, 


for a given 
R1, R2 and CDLY, the time 
delay 
is reduced 
as 


the 
overvoltage 
is increased. 
The 
expression 
for the 
time 


delay. 
tDLY 
is: 


~VCC - VCC(nom~ 
L 
VCC - Vtrip J 


R1 R2 CDLY 
----- 
In 
R1 + R2 


R1 + R2 
where: 
Vtrip 
= ---(25 
VI 
R1 


Figures 
6 through 
10 show 
the 
CDLY 
values 
versus 


delay 
time 
(tDLY) 
for 
nominal 
5.0, 
12, 
15, 
24 and 
28 V 


power 
supply 
protection 
circuits. 
each 
using 
a one-pin 
MC34062/35062 
programming 
scheme. 
These 
figures 


also show 
the change 
in tDLY with 
variations 
in the over- 


voltaged 
supply, 
VCC. 


THE NEED FOR A GATE RESISTOR 


For power 
supplies 
above 
11 V, a gate 
resistor, 
RG, in 


series 
with 
the 
SCR gate 
is recommended 
to 
limit 
the 


power 
dissipated 
by the 
IC to approximately 
2.0 W. This 


resistor 
will 
protect 
the 
MC34062/35062 
in the 
event 


of a defective 
or missing 
SCR, while 
allowing 
the 
maxi- 


mum 
drive 
output 
current 
to the gate of the SCR. Figure 
5 


shows 
the minimum 
recommended 
gate resistor. 
RG(min), 


versus 
the power 
supply 
voltage, 
VCC. A larger 
value of RG 


may 
be used 
if less drive 
current 
is needed. • 


4 thru 8 
Programming 
Pins 


II 


Vtrip 
Pin 3 
Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pin 8 


5.101 , 
Gnd 
, 
Gnd 


5.222 , 
Gnd 
Gnd , 


5328 , 
Gnd • 
• , 


5.413 , 
Gnd 
Gnd 
, 


5.563 , 
Gnd r-. , 


5.673 , 
Gnd r-. 
, 


5.734 , 
Gnd 
, 


, 


5887 , 
, 
Gnd , 


5900 , 
, 
Gnd 


5991 , , 
Gnd • , • 


6.092 , , .--. 


Gnd , 


6.200 
Gnd 


6.311 , 
Gnd , 


6.610 , , • , 
Gnd 
• 


6.703 , •• 


Gnd , 


6.840 , , 
Gnd 
Gnd , 


7.000 , 
, 
Gnd 


7.132 , 
Gnd r-. , 


7.298 , r-. 


Gnd 
, 


7.347 , , 
Gnd 
, 


MOTOROLA 
LINEAR/INTERFACE 
DEVICES 


3-222 


Vtrip 
Pin 3 
Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pin 8 
Vtrip 
Pin 3 
Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pin 8 


7.478 , , 
Gnd 
Gnd 
, 
10.400 , 
, 
LU 
Gnd 


7.799 , 
~ 
Gnd 
~ 
, 
10.540 
, 
Gnd 
Gnd , 


8.106 
, 
Gnd , 
Gnd 
10.700 
, 
, 
Gnd 


8.220 
, 
Gnd , 
Gnd 
11.047 
, 
Gnd 
, 


8.409 
, 
Gnd 
Gnd , 
Gnd 
11.178 
• 


Gnd 
Gnd 
• 


8.539 
, 
Gnd , 
11.496 
, 
Gnd , 


8.633 
, 
Gnd , 
Gnd 
11.630 
L -! , 
Gnd , 
Gnd 


8.756 
, , 
Gnd , 
11.895 , 
Gnd 
• 
VCC 


8.870 , 
~ 
Gnd 
Gnd 
~ , 
11.937 
L -! , 
Gnd 
Gnd , 


8.906 , , 
~ , 
~ 
Gnd 
12.086 , 
Gnd 
, 
VCC 


9.013 
, 
Gnd 
Gnd , 
12.477 
, 
Gnd 
, 


9.178 
• 
~ 
• 
• 


Gnd 
12.556 
L -1 
• 


Gnd 
• 


9.331 , 
VCC , 
Gnd 
12.732 
L -! 
• 


Gnd 
• 


9.377 , • 


Gnd 
• , 
12.800 , 
, 
Gnd 


9.385 
, 
Gnd 
Gnd , 
13.387 
LJ 
, 
Gnd , 


9.433 , 
Gnd 
, 
13.400 
L -! 
Gnd 


9.600 
L-1 
Gnd 
13.700 
Gnd 


9.826 , 
~ 
Gnd 
~ , 
14.233 , • , • 
Gnd 


9.912 
, 
Gnd , 
14.500 
LLJ , 
, 
Gnd 


10.000 
LU 
Gnd 
15.330 
, 
Gnd , 
Gnd 


MOTOROLA 
LINEAR/INTERFACE 
DEVICES 


3-223 


• 


•• 


Vtrip 
Pin 3 
Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pin 8 


15.637 
, 
Gnd 
Gnd , 


16.200 , 
, 
Gnd 


16.256 
, 
Gnd , 


16.465 
, 
Gnd 
, 


16.500 
, 
, 
Gnd 


16.532 
L-' 
, 
Gnd , 


16.832 
, , 
Gnd , 


17.087 
, 
Gnd , 


17.100 
Gnd 


17.300 , 
, 
Gnd 


17.900 
L....J 
L -1 
Gnd 


18.200 
, 
, 
Gnd 


18.733 , • , • 
Gnd 


19.900 
LW 


Gnd 


20.232 
, 
Gnd , 


20.300 
LLJ 
L-! 
Gnd 


20.700 , 
, 
Gnd 


21.000 
, 
, 
Gnd 


21.600 
L -! 
Gnd 


22.122 , 
VCC 
, 
Gnd 


Vtrlp 
Prn 3 
PIn 4 
Pin 5 
P,n 6 
PIn 7 
Pin 8 


22.673 , 
VCC , 
Gnd 


23.700 
L -! 
Gnd 


23.807 , , 
VCC , 
Gnd 


24.000 
LU 
Gnd 


24.283 
, 
VCC , 
Gnd 


24.400 
L --.J 
Gnd 


I 
24800 
L -! 
L-' 


Gnd 


i 


I 
25.211 , 
Gnd 
VCC , 


27.333 , 
VCC 
VCC , 
Gnd 


27.400 
Gnd 


28.200 
L-1 
Gnd 


28500 
L-! 
Gnd 


30.023 , 
VCC , 
Gnd 


30.694 , 
VCC 
, 
Gnd 


31.486 , 
VCC , 
Gnd 


31.900 
Gnd 


32.233 
~ 
VCC , , 
Gnd 


33.116 , , 
VCC , 
Gnd 


38.182 , 
VCC 
VCC , 
Gnd 


39.064 , 
VCC , 
Gnd 


Since the anode current flows through this turned-on 
gate region. very high current densities can occur in 
the gate region if high anode currents appear Quickly 
(di/dt). 
This can result in immediate destruction of 
the SCAor gradual degradation of its forward blocking 
voltage capabilities - 
depending on the severity of the 


occasion. 


The value of di/dtthat 
an SCA can safely handle is 


influenced by its construction and the characteristics 
of the gate drive signal. A center-gate-fire 
SCA has 
more di/dt capability than a corn"r-gate-fire 
type, and 
heavily overdriving 13 to 5 times IGTI the SCA gate 
with a fast <1.0 I's rise time signal will maximize its 
di/dt capability. A typical maximum number in phase 
control SCAs of less than 50 A(AMS) rating might be 
200 AIl's, 
assuming a gate current of five times IGT 
and< 1.0 I's rise time. If having done this, a dildt prob- 


lem is seen 
to still exist, 
the designer 
can also decrease 
the di/dt 
of the current waveform by adding induc- 
tance in series with the SCA, as shown in Figure 15. 
Of course, this reduces the circuit's ability to rapidly 
reduce the dc bus voltage and a tradeoff must be made 
between speedy voltage reduction and di/dt. 


Aeferring to Figure 13, it can be seen that the crowbar 
SCA, when activated, is subject to a large current surge 
from the output capacitance, 
Couto Thiscapacitance 
consists of the power supply output capacitors, the load's 
decoupling capacitors, and in the case of Figure 13A, the 
supply's input filter capacitors. This surge current is illus- 
trated in Figure 14, and can cause SCA failure or degra- 
dation by anyone of three mechanisms: di/dt, absolute 
peak surge, or 12t.The interrelationship 
of these failure 
methods and the breadth of the applications make speci- 
fication of the SCA by the semiconductor manufacturer 
difficult 
and expensive. Therefore, the designer must 
empirically 
determine 
the SCA and circuit 
elements 
which 
result in reliable and effective 
OVP operation. 


However, an understanding of the factors which infl uence 
the SCA's di/dt and surge capabilities simplifies this task. 


1. di/dt 


As the gate region of the SCA is driven on, its area 


of conduction 
takes 
a finite 
amount 
of time 
to grow, 


starting as a very small region and gradually spreading. 


2. Surge Current 


If the peak current and/or the duration of the surge 
is excessive. 
immediate 
destruction 
due to device 
overheating will result. The surge capability of the SCR 
is directly 
proportional 
to its die area. If the surge 
current cannot be reduced (by adding series resistance 
- 
see Figure 15) to a safe level which is consistent 
with the system's requirements for speedy bus voltage 
reduction. thedesigner must use a higher current SCR. 
This may result in the average current capability of the 
SCRexceeding the steady state current requirements 
imposed by the dc power supply. 


Before leaving the subject of the crowbar SCR. a few 
words about fuse protection are in order. Referring back to 
Figure 13A, it will be seen that a fuse is necessary if the 
power supply to be protected is not output current limited. 
This fuse is not meant to prevent SCR failure but rather 
to prevent a firel 
In order to protect the SCR, the fuse would have to 
possess an 12t rating less than that of the SCR and yet 
have a high enough continuous current rating to survive 
normal supply output currents. 
In addition, it must be 
capable of successfully 
clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 
expensive, and may not even be available. 
The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow before the thyristor 
does, and trust that if the 
SCR does fail. it will fail short circuit. In the majority of 
the designs, this will be the case, though this is difficult to 
guarantee. Of course, a sufficiently high surge will cause 
an open. These comments also apply to the fuse in Figure 
13B. 


As an aid in selecting an SCR for crowbar 
use, the 
following selection guide is presented. 


DEVICE 
IRMS 
IFSM 
PACKAGE 


MCR67 Series 
12 A 
l00A 
Metal Stud 
MCR68 Series 
12 A 
l00A 
TO-220 Plastic 
2N1842 Series 
16A 
125A 
Metal Stud 
2N6400 Series 
16A 
160A 
TO-220 Plastic 
2N6504 Series 
25A 
160A 
TO-220 Plastic 
2N681 Series 
25 A 
200 A 
Metal Stud 
2N2573 Series 
25 A 
260A 
TO-3 Metal Can 
MCR69 Series 
25A 
300 A 
TO-220 Plastic 
MCR70 Series 
35 A 
350A 
Metal Stud 
MCR71 Series 
55A 
550A 
Metal Stud 


® MOTOROLA 


DC TO DC CONVERTER 
CONTROL CIRCUITS 


The MC34063 Series is a monolithic 
control circuit containing 
the primary functions required for dc-to-dc converters. The device 
consists of an internal temperature compensated reference, com- 
parator, controlled duty cycle oscillator with an active current limit 
circuit, 
driver 
and high current 
output 
switch. 
This series was 


specifically 
designed to be incorporated 
in Step-Down and Step- 


Up and Voltage-Inverting 
applications 
with a minimum 
number 
of external components. 


• 
Operation 
from 2.5 V to 40 V Input 


• 
Low Standby Current 


• 
Current Limiting 


• 
Output Switch Current of 1.5 A 


• 
Output Voltage Adjustable 
from 
1.25 to 40 V 


• 
Frequency of Operation to 100 kHz 


Comparator 
Inverting 
Input 


MC34063 
MC35063 
MC33063 


DC TO DC CONVERTER 
CONTROL 
CIRCUITS 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 
,. 


1 


Pl 
SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


U SUFFIX 


CERAMIC 
PACKAGE 


CASE 693·02 


Switch 
Collector 


Switch 
Emit1er 


Timing 
Capacitor 


Comparator 
Inverting 
Input 


Temperature 


Device 
Range 
Package 


MC35063U 
- 55 to 
+ 125°C 
Ceramic 
DIP 


MC33063U 
Ceramic 
DIP 
-40 
to +85°C 


MC33063Pl 
Plastic 
DIP 


MC34063U 
Ceramic 
DIP 
o to 
+ 70"C 


MC34063Pl 
Plastic 
DIP 


• 


II 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
40 
Vdc 


Comparator 
Input 
Voltage 
Range 
VIR 
-0.3 
to 
+40 
Vdc 


Switch 
Collector 
Voltage 
VClswitch) 
40 
Vdc 


Switch 
Emitter 
Voltage 
VElswitch) 
40 
Vdc 


Switch 
Collector 
to Emitter 
Voltage 
VCElswitch) 
40 
Vdc 


Driver 
Collector 
Voltage 
VCldriver) 
40 
Vdc 


Switch 
Current 
ISW 
1.5 
Amps 


Power 
Dissipation 
and Thermal 
Characteristics 
Ceramic 
Package 


TA 
= 
+ 25'C 
PD 
1.25 
W 


Derate 
above 
TA = 
+ 25°C 
l'HJA 
10 
mWrC 


Plastic Package 
TA 
= 
+ 25°C 
PD 
1.0 
W 


Derate 
above 
TA = 
+25°C 
l/HJA 
10 
mW/oC 


Operating 
Junction 
Temperature 
TJ 
°c 


Ceramic 
Package 
+150 


Plastic Package 
+125 


Operating 
Ambient 
Temperature 
Range 
TA 
°c 


MC35063 
-55 
to 
+ 125 


MC33063 
-40 
to 
+85 


MC34063 
o to 
+ 70 


Storage 
Temperature 
Range 
Tstn 
-65 
to 
+ 150 
'c 


ELECTRICAL CHARACTERISTICS 
IVCC 
= 50 
V; TA 
= Tlow 
to Thi 


Characteristic 


Charging 
Current 
15.0 V " 
VCC " 
40 V. TA 
= 25°CI 
Ichn 
20 
35 
50 
pA 


Discharge 
current 
15.0 V " 
VCC " 
40 V; TA 
= 25°C) 
Idischa 
150 
200 
250 
pA 


Voltage 
Swing 
ITA 
= 25'CI 
Vase 
- 
0.5 
- 
VO-D 


Discharge 
to Charge 
Current 
Ratio (lnk(sensel 
= VCC, TA 
= 25'CI 
Idischn/lchn 
- 
6.0 
- 
- 


Current 
Limit Sense 
Voltage 
Vlpklsensel 
250 
300 
350 
mV 


Ichg 
= Idischg' 
TA 
= 25'C 


Saturation 
Voltage, 
Darlington 
Connection 
VCElsatl 
- 
1.0 
1.3 
V 


ISW 
= 
1.0 A; VCldriverl 
= VCIswitchl 


Saturation 
Voltage 
VCElsatl 
- 
045 
0.7 
V 


ISW 
= 
1.0 A; ICldriverl 
= 
50 mA. 
IForced 
B = 201 


DC Current 
Gain 
hFE 
35 
120 
- 
- 


ISW 
= 
1.0 A; VCE = 
5.0 V; TA 
= 25'C 


Collector 
Off-State 
Current 
(VCE 
= 40 V; TA 
= 
25'CI 
ICloffl 
- 
10 
- 
nA 


Threshold 
Voltage 
Vth 
1.18 
1.25 
1.32 
V 


Threshold 
Voltage 
Line 
Regulation 
13.0 V " 
VCC " 
40 VI 
Regline 
- 
0.04 
0.2 
mVN 


Input 
Bias Current 
IVin 
= 0 VI 
liB 
- 
40 
400 
nA 


Supply 
Current 
ICC 
- 
2.4 
3.5 
mA 


5.0 V " 
VCC " 
40 V, CT = 0.001 
p.F 
Ipklsense) 
= VCC, V pin 
5 > Vth, 
Pin 2 = Gnd, Remaining 
pins open 


- 55°C for 
MC35063 
Thigh 


- 40°C for 
MC33063 
O°C 
for 
MC34063 


+ 125°C for 
MC35063 
+ 85°C 
for 
MC33063 


+ 70'C 
for 
MC34063 


2. Output 
switch 
tests are performed 
under 
pulsed 
conditions 
to minimize 
power 
dissipation. 


FIGURE 
1 - 
OUTPUT 
SWITCH 
ON-OFF 
TIME 
versus 
OSCILLATOR 
TIMING 
CAPACITOR 
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FIGURE 
3 - 
EMITIER-FOLLOWER 
CONFIGURATION 
OUTPUT 
SWITCH 
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CURRENT 


16 
in~ 1.5 
0~ 
w 
'"~ 1.4 
0>z 
13 
0 
~ 
:::> 
1.1 
~ 


£11 
u 
> 


- Jcc ~ 50lV 
I 


_ 
P,ns 1,7,8 
~ 
VCC 


_ 
P,ns 3,5 
~ 
Gnd 
'-- 
-- 
V 


./ 


--- 
./ 


31 


~ 1.4 
.s~ 
~ 
i3 
16 
>-~~ 
iil.B 08 


, 


CT ~ 
0.001 
I'f 


Ipklsensel 
~ 
VCC 


Pm 2 = Gnd 


--I- 


-- -- 
- 1_ 
- t- 


-- 
.- 
- 
-- - 
-- 


I 


FIGURE 
4 - 
COMMON·EMITIER 
CONFIGURATION 
OUTPUT 
SWITCH 
SATURATION 
VOLTAGE 
versus 
COLLECTOR 
CURRENT 
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'" 
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11220 "H 


RSC 
0.33 


Vin 
6 


25 V 100';- 


"F = 


Vout 


470 
+ 
5.0 V/500 
mA 


IJ.F 'bCo 


Test 
Conditions 
Results 


Line Regulation 
Vin 
= 
15 to 25 V. 10 ~ 500 mA 
15 mV 


load Regulation 
Vin 
~ 
25 V. 10 ~ 50 to 500 mA 
5.0 mV 


Output 
Ripple 
Vin 
~ 25 V. 10 = 500 mA 
40 mVo_o 


Short Circuit 
Current 
Vin 
= 25 V. RL ~ 
0.1 II 
2.3 A 


Efficiency 
Vin 
~ 
25 V. 10 = 500 mA 
84.7% 


FIGURE 
6 - 
EXTERNAL 
CURRENT 
BOOST 
CONNECTIONS 
FOR IC PEAK GREATER 
THAN 
1.5 A 


Vin 
6 
12 V 
+ 


1001=' 
I'F 
- 


R2 


R, 
2.2 
k 
47 k 


Vout 
150 
- 
28 V 175 mA 


"F l' Co 


-- 


Test 
Conditions 
Results 


Line Regulation 
Vin 
~ 8.0 to 16 V. 10 = 175 mA 
12 mV 


Load Regulation 
Vin 
= 12V.lo 
~ 75to 
175 mA 
45 mV 


Output 
Ripple 
Vin 
= 
12 V. 10 = 175 mA 
150 mVo_o 


Short 
Circuit 
Current 
Vin 
= 12 V. RL ~ 0.1 l! 
2.0 A 


Efficiency 
Vin 
= 
12 V. 10 = 175 mA 
9300 


FIGURE 
8 - 
EXTERNAL 
CURRENT 
BOOST 
CONNECTIONS 
FOR IC PEAK GREATER 
THAN 
1.5 A 


Calculation 
Step-Down 
Step-Up 


!2n 
Vout + VF 
Vout + VF - Vin!min) 
toff 
Vin(min) - Vsat - Vout 
Vin!min) - Vsat 


1 
1 
!ton + toff)max 
-- 
-- 
fmin 
fmin 


CT 
4 X 10-5 ton 
4 X 10-5 ton 


Ipk!switch) 
2Iout(max) 
(~) 
2Iout(max) 
toff 


RSC 
0.33/lok!switch) 
0.33/lok!switch) 


L!min) 
(Vinlmin) - Vsat - Vout)t 
I 
I 
(Vinlmin) - Vsat)t 
( 
) 
Ipklswitch) 
on max 
Ipk!switch) 
on max 


Co 
loklswitch) (ton + toff) 
~ lout ton 
8 Vripple(p-p) 
Vripple 


The following 
power supply characteristics 
must be chosen: 
Vin - 
Nominal input voltage. If this voltage is not constant, then use Vin!max) for step-down and Vin(min) for step- 
up converter. 


Vout - 
Desired output voltage, Vout = 1.25 (1 + ~). 


lout - 
Desired output current. 


fmin - 
Minimum 
desired output switching 
frequency at the selected values for Vin and 
10, 


Vripple(p-pl- 
Desired peak-to-peak output ripple voltage. In practice, the calculated value will need to be increased 
due to the capacitor's 
equivalent 
series resistance and board layout. The ripple voltage 
should be 
kept to a low value since it will directly effect the line and load regulation. 


Note: 
For further 
information 
refer to application 
note AN920A. 


® MOTOROLA 


DC-TO-DC CONVERTER 
CONTROL CIRCUITS 


The MC34063A 
Series is a monolithic 
control 
circuit 
containing 
the 
primary 
functions 
required 
for 
DC-to-DC 
converters. 
These 


devices 
consist 
of an internal 
temperature 
compensated 
refer- 


ence, comparator, 
controlled 
duty 
cycle 
oscillator 
with 
an active 
current 
limit 
circuit, 
driver 
and 
high 
current 
output 
switch. 
This 
series was specifically 
designed 
to be incorporated 
in Step-Down 
and Step-Up 
and Voltage-Inverting 
applications 
with 
a minimum 
number 
of 
external 
components. 
Refer 
to 
Application 
Notes 
AN920A 
and AN954 
for additional 
design 
information. 


• 
Operation 
from 
3.0 V to 40 V Input 


• 
Low Standby 
Current 


• 
Current 
Limiting 


• 
Output 
Switch 
Current 
to 1:5 A 


• 
Output 
Voltage 
Adjustable 


• 
Frequency 
Operation 
to 100 kHz 


• 
Precision 
2% Reference 


r-------------------, 
I 
I 
8, 
'1 
, 
I 
I, 
I, 
7: 
, 
I 
I 
I 
I, 
I 


VCC~ 
I 
I 
I 
II 
I 
I 
5. 
Comparator 
Inverting 
Input 


MC34063A 
MC35063A 
MC33063A 


DC- TO-DC 
CONVERTER 
CONTROL 
CIRCUITS 


P1 SUFFIX 
PLASTIC PACKAGE 


CASE 626-05 


o SUFFIX 
PLASTIC PACKAGE 


CASE 751-02 


SO-8 


U SUFFIX 


CERAMIC PACKAGE 


CASE 693-02 


Switch 
Collector 


Switch 
Emitter 


Timing 
Capacitor 
VCC 


Comparator 
Inverting 
Input 


Temperature 
Device 
Range 
Package 


MC35063AU 
-55 to + 125°C Ceramic DIP 


MC33063AD 
Plastic SOIC 


-40 to +85°C 
MC33063AP1 
Plastic DIP 


MC34063AD 
Plastic SOIC 
o to +70°C 
MC34063AP1 
Plastic DIP 


Rating 
Symbol 
Valua 
Unit 


Power 
Supply 
Voltage 
VCC 
40 
Vdc 


Comparator 
Input 
Voltage 
Range 
VIR 
-0.3 
to 
+40 
Vdc 


Switch 
Collector 
Voltage 
VClswitch) 
40 
Vdc 


Switch 
Emitter 
Voltage 
IVPin 
1 = 40 V) 
VE(switch) 
40 
Vdc 


Switch 
Collector 
to Emitter 
Voltage 
VCElswitch) 
40 
Vdc 


Driver 
Collector 
Voltage 
VC(driver) 
40 
Vdc 


Driver 
Collector 
Current 
(Note 
1) 
IC(driver) 
100 
mA 


Switch 
Current 
ISW 
1.5 
Amps 


Power 
Dissipation 
and Thermal 
Characteristics 
Ceramic 
Package, 
U Suffix 


TA = 
+25"C 
Po 
1.25 
W 
Thermal 
Resistance 
R8JA 
100 
"C/W 


Plastic 
Package, 
P Suffix 


TA 
~ 
+25"C 
Po 
1.25 
W 
Thermal 
Resistance 
R8JA 
100 
"CIW 


SOIC 
Package, 
0 Suffix 


TA = 
+25"C 
Po 
625 
mW 
Thermal 
Resistance 
R8JA 
160 
"CIW 


Operating 
Junction 
Temperature 
TJ 
+150 
"C 


Operating 
Ambient 
Temperature 
Range 
TA 
"C 
MC35063A 
-55 
to 
+ 125 
MC33063A 
-40 
to 
+85 
MC34063A 
o to 
+70 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
"C 


ELECTRICAL 
CHARACTERISTICS 
(VCC 
~ 
5.0 V; TA 
~ 
Tlow 
to Thi 


Characteristic 


Frequency 
IOSC 
24 
33 
42 
kHz 


(VPin 
5 = 0 V, CT = 1.0 nF, TA 
~ 
25"C) 


Charge 
Current 
Ichg 
24 
33 
42 
p.A 


IVCC 
~ 
5.0 V to 40 V, TA = 25"C) 


Discharge 
Current 
Idischg 
140 
200 
260 
p.A 


IVCC = 5.0 V to 40 V, TA = 25"C) 


Discharge 
to Charge 
Current 
Ratio 
Idischg/lchg 
5.2 
6.2 
7.5 
- 
(Pin 7 = VCC, T A = 25"C) 


Current 
Limit 
Sense 
Voltage 
Vipk(sense) 
250 
300 
350 
mV 


(Icho 
~ 
Idischo, 
T A = 25"C) 


NOTES: 
1. Maximum package power dissipation limits must be observed. 
2. Tlaw 
= 
-SS"C for MC3S063A 
Thigh 
= 
+ 12S"Cfor MC3S063A 


-40"C for MC33063A 
+8S"C for MC33063A 
O"Cfor MC34063A 
+ 70"C for MC34063A 


Saturation 
Voltage. 
Darlington 
Connection 
VCE(sat) 
- 
1.0 
1.3 
V 
(ISW 
= 1.0 A. Pins 
1, 8 connected) 


Saturation 
Voltage 
VCE(sat) 
- 
0.45 
0.7 
V 


(Isw 
= 1.0 A. RPin 8 = 82 n to VCC, Forced 
f3 = 20) 


DC Current 
Gain 
hFE 
50 
120 
- 
- 
(ISW 
= 1.0 A, VCE 
~ 
5.0 V, TA 
~ 
25°C) 


Collector 
Off-State 
Current 
IC(off) 
- 
0.01 
100 
p.A 


(VCE = 40 VI 


Threshold 
Voltage 
Vth 
V 


(TA = 25°C) 
1.225 
1.25 
1.275 


(T A 
~ Tlow 
to Thiohl 
1.21 
- 
1.29 


Threshold 
Voltage 
Line 
Regulation 
Regline 
- 
1.4 
5.0 
mV 


(VCC = 3.0 V to 40 V) 


Input 
Bias Current 
liB 
- 
-40 
-400 
nA 


(Vin 
~ 
0 V) 


TOTAL 
DEVICE 


Supply 
Current 


(VCC = 5.0 V to 40 V, CT ~ 
'.0 
nF, Pin 7 = VCC, 


VPin 
5 > Vth, 
Pin 2 ~ 
Gnd, 
Remaining 
pins 
openl 


TOTAL 
DEVICE 


Supply 
Current 
(VCC 
~ 
5.0 V to 40 V, CT ~ 
1.0 nF, Pin 7 ~ VCC, 


VPin 
5 > Vth, 
Pin 2 = Gnd, 
Remaining 
pins 
openl 


NOTES: 
3. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible. 
4. If the output switch is driven into hard saturation (non·Darlington configuration) at low switch currents (~300 mAl and high driver currents 
{~30 mAl. it may take up to (2.0 Jls) to come out of saturation. This condition will shorten the "off" time at frequencies"", 30 kHz, and is magnified 
at high temperatures. This condition does not occur with a Darlington configuration. since the output switch cannot saturate. If a non·Oarlington 
configuration is used. the following output drive condition is recommended: 
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FIGURE 4 - 
COMMON 
EMITTER CONFIGURATION 
OUTPUT 
SWITCH SATURATION 
VOLTAGE versus 
COLLECTOR CURRENT 
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Pin 2 ~ 
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VCC, SUPPLY VOLTAGE (V) 


L 
r----------------, 


81 
" 
180 
I 
I 
I 
I 
I 
7 I 


I 
I 
L... 
-J 


R2 


l+roo 


Optional 
Filter 


Test 
Conditions 
Resutts 


Line Regulation 
Vin 
~ 8.0 V to 16 V, '0 
~ 175 mA 
30 mV 
~ 
±O.O5% 


Load Regulation 
Vin = 12 V, 10 = 75 to 175 mA 
10 mV = ±O.O17% 


Output 
Ripple 
Vin 
~ 
12 V, 10 = 175 mA 
400 mVp-p 


Efficiency 
Vin 
~ 12V,10 
~ 175mA 
89.2% 


Output 
Ripple 
With 
Optional 
Filter 
Vin 
~ 
12 V, 10 ~ 
175 mA 
40 mVp-p 


FIGURE 
8 - 
EXTERNAL 
CURRENT 
BOOST 
CONNECTIONS 
FOR IC PEAK GREATER 
THAN 
1.5 A 
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Rsc 
I 
I 
I 
61 


• 


II 


I 
I 
L 
J 


R2 


3.6 k 
+ 


470 leo 


1,0 ~H 


~Vout 
1'00 


Optional 
Filter 


Test 
Conditions 
Results 


Line Regulation 
Vin = 15 V to 25 V, 10 = 500 mA 
12 mV = ±O.12% 


Load 
Regulation 
Vin = 25 V, 10 = 50 to 500 mA 
3.0 mV = ±O.O3% 


Output 
Ripple 
Vin = 25 V, 10 = 500 mA 
120 mVp-p 


Short 
Circuit 
Current 
Vin = 25 V, RL = 0.1 n 
1.1 A 


Efficiency 
Vin = 25 V, 10 = 500 mA 
82.5% 


Output 
Ripple 
With 
Optional 
Filter 
Vin = 25 V, 10 = 500 mA 
40 mVp-p 


FIGURE 
10 - 
EXTERNAL 
CURRENT 
BOOST 
CONNECTIONS 
FOR IC PEAK GREATER 
THAN 
1.5 A 
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~Vout 
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Optional 
Filter 


Test 
Conditions 
Results 


line Regulation 
Vin 
~ 4.5 V to 6.0 V, '0 ~ 100 mA 
3.0 mV = ±O.O12% 


Load 
Regulation 
Vin = 5.0 V, '0 = 10 to 100 mA 
0.022 V ~ 
"'0.09% 


Output 
Ripple 
Vin = 5.0 V, '0 ~ 100 mA 
50 mVp-p 


Short 
Circuit 
Current 
Vin 
~ 5.0 V, RL ~ 0.1 n 
910 mA 


Efficiency 
Vin 
~ 5.0 V, '0 = 100 mA 
64.5% 


Output 
Ripple 
With 
Optional 
Filter 
Vin = 5.0 V, 10 = 100 mA 
70 mVp-p 


FIGURE 
12 - 
EXTERNAL 
CURRENT 
BOOST 
CONNECTIONS 
FOR IC PEAK GREATER 
THAN 
1.5 A 


II 


Converter 
Inductance 
(pH) 
TurnslWire 


Step-Up 
170 
38 Turns 
of 1122 AWG 


Step-Down 
220 
48 Turns 
of 1122 AWG 


Voltage-Inverting 
88 
28 Turns 
of 1122 AWG 


Calculation 
Step-Up 
Step-Down 
Voltage-Inverting 


ton/toff 
Vout + VF - Vin(min) 
Vout+VF 
IVoutl+VF 
Vin(min) 
- Vsat 
Vin(min)-Vsat- 
Vout 
Vin - Vsat 


Iton +toff) 
max 
1I1min 
l/fmin 
1/1min 


CT 
4 x 10-5 
ton 
4 x 10 
5 ton 
4 x 10-5 
ton 


loklswitch) 
210utlmax)(tonltoff+' 
I 
210utlmaxl 
210utlmax)(ton/toff+' 
I 


RSC 
0.3/10k(switch) 
0.3/10klswitch) 
0.3/IDk(switch) 


L(minl 
IVinlmin) 
- Vsat)tonlmax) 
(Vinlmin) 
- Vsat - Vout)ton(max) 
1Vin(min) - Vsat)tonlmax) 
lok(switch) 
lok(switch) 
lok(switch) 


Co 
= 10uttonNripplelp-p) 
Ipklswitch)lton 
+toffl 
= 10uttDnNripplelp-p) 
8 VriDDle(D-D) 


The following 
power supply characteristics 
must be chosen: 
Vin - 
Nominal 
input voltage. 


Vout -- 
Desired output voltage,lVoutl 
= 1.25 (1 + R2/R1) 
lout - 
Desired output current. 


fmin - 
Minimum 
desired output switching 
frequency 
at the selected values of Vin and 10. 


Vripple(p-p) 
- 
Desired peak-to-peak output ripple voltage. In practice, the calculated capacitor value will need to 
be increased due to its equivalent series resistance and board layout. The ripple voltage should be 
kept to a low value since it will directly affect the line and load regulation. 


II 


® MOTOROLA 


The MC34064 is an undervoltage 
sensing 
circuit 
specifically 
designed for use as a reset controller 
in microprocessor-based 
systems. 
It offers the designer 
an economical 
solution 
for low 
voltage 
detection 
with 
a single external 
resistor. The MC34064 
features 
a trimmed-in-package 
bandgap 
reference, and a com- 
parator with precise thresholds 
and built-in hysteresis to prevent 
erratic reset operation. The open collector reset output is capable 
of sinking in excess of 10 mA, and operation 
is guaranteed down 
to 1.0 volt 
input 
with 
low standby 
current. 
These devices are 
packaged in 3-pin TO-226AA and 8-pin surface mount packages. 


Applications 
include direct monitoring 
of the 5.0 volt MPU/logic 
power 
supply 
used 
in appliance, 
automotive, 
consumer 
and 
industrial 
equipment. 


• 
Trimmed-In-Package 
Temperature 
Compensated 
Reference 


• 
Precise Comparator 
Thresholds 
Guaranteed Over 
Temperature 


• 
Comparator 
Hysteresis Prevents Erratic Reset 


• 
Reset Output Capable of Sinking in Excess of 10 mA 


• 
Internal Clamp Diode for Discharging 
Delay Capacitor 


• 
Guaranteed 
Reset Operation with 1.0 Volt Input 


• 
Low Standby Current 


• 
Economical TO-226AA and Surface Mount Packages 


~ 
Sink 
Only 
~ 
= 
Positive 
True 
Logic 


Pin numbers 
adjacent 
to terminals 
are for 
the 3-pin 
TO-226AA 
package. 
Pin numbers 
in parenthesis 
are for the 0 suffix 50-8 
package. 


MC34064 
MC33064 


UNDERVOLTAGE 
SENSING 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
29-04 
l 
3 


PIN t. RESET 
2. INPUT 
3. GROUND 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
50-8 


PIN 1. RESET 
2. INPUT 
3. N.C. 
4. GROUND 


5. N.C. 
6. N.C. 
7. N.C. 
8. N.C. 


ORDERING 
INFORMATION 


Temperature 
Device 
Range 
Package 


MC34064D-5 
Plastic 
50-8 
O'C to + 70'C 
MC34064P-5 
Plastic 
TO-226AA 


MC33064D-5 
Plastic 
50-8 


- 4Q'C to + 85'C 
MC33064P-5 
Plastic 
TO-226AA 


Rating 
Symbol 
Value 
Unit 


Power 
Input 
Supply 
Voltage 
Vin 
-1.0 
to 10 
V 


Reset Output 
Voltage 
Vo 
10 
V 


Reset Output 
Sink Current 
ISink 
Internally 
mA 
Limited 


Clamp 
Diode 
Forward 
Current, 
Pin 1 to 2 (Note 
1) 
IF 
100 
mA 


Power 
Dissipation 
and Thermal 
Characteristics 
P Suffix, 
Plastic 
Package 


Maximum 
Power 
Dissipation 
(fi TA 
= 25°C 
PD 
625 
mW 
Thermal 
Resistance, 
Junction 
to Air 
R8JA 
200 
·CIW 


D Suffix, 
Plastic 
Package 
Maximum 
Power 
Dissipation 
@ TA = 
25·C 
PD 
625 
mW 
Thermal 
Resistance 
Junction 
to Air 
R8JA 
200 
·CIW 


Operating 
Junction 
Temperature 
TJ 
+150 
·C 


Operating 
Ambient 
Temperature 
TA 
·C 


MC34064 
o to 
+70 
MC33064 
-40 
to 
+85 


Storage 
Temperature 
Range 
Tstn 
-65 
to 
+ 150 
·C 


ELECTRICAL 
CHARACTERISTICS 
For typical 
values 
TA = 25·C, for minimax 
values 
TA is the operating 
ambient 
temperature 


range 
that 
applies 
[Notes 
2 and 3J. 


Characteristic 
I 
Symbol 
Min 
Typ 
Max 
Unit 


Threshold 
Voltage 
V 
High 
State Output 
(Vin Increasing) 
VIH 
4.5 
4.61 
4.7 
Low State 
Output 
(Vin Decreasing) 
VIL 
4.5 
4.59 
4.7 
Hysteresis 
VH 
0.01 
0.02 
0.05 


Output 
Sink Saturation 
VOL 
V 


(Vin 
~ 4.0 V, ISink 
~ 8.0 mAl 
- 
0.46 
1.0 


(Vin 
= 4.0 V, ISink 
= 2.0 mAl 
- 
0.15 
0.4 


(Vin 
~ 
1.0 V, ISink 
~ 0.1 mAl 
- 
- 
0.1 


Output 
Sink Current 
(Vin, Reset 
= 4.0 V) 
ISink 
10 
27 
60 
mA 


Output 
Off-State 
Leakage 
(Vin, Reset 
~ 5.0 V) 
IOH 
- 
0.02 
0.5 
!LA 


Clamp 
Diode 
Forward 
Voltage, 
Pin 1 to 2 (IF ~ 
10 mAl 
VF 
0.6 
0.9 
1.2 
V 


TOTAL 
DEVICE 


Operating 
Input 
Voltage 
Range 


Quiescent 
Input 
Current 
(Vin 
~ 5.0 V) 


NOTES: 


1. Maximum 
package 
power 
dissipation 
limits 
must 
be observed. 


2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 
3. Tlow 
= 
O°Cfor MC34064 
Thigh = 
+ 70°Cfor MC34064 


= 
- 40°C for MC33064 
= 
+ 85°Cfor MC33064 
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IV) 
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Power 
Supply 
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Power 
Supply 


11 
(ll 


I 
I 
___ 
J 


3(4) 


Test 


line Regulation 


Load 
Regulation 


Output 
Ripple 


Efficiency 


Results 


35 mV 


12 mV 


60 mV 
_ 


Vin 
~ 
11.5 V to 14.5 V, 10 = 50 mA 


Vin 
~ 
12.6 V, 10 ~ 0 mA to 50 mA 


Vin = 12.6 V, 10 = 50 mA 


Vin = 12.6 V, 10 = 50 mA 
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® MOTOROLA 


HIGH PERFORMANCE DUAL CHANNEL 
CURRENT MODE CONTROLLER 


The MC34065 series are high performance, 
fixed frequency, 
dual current mode controllers. 
They are specifically designed for 
Off-Line and DCto DCconverter applications offering the designer 
a cost effective solution with minimal external components. These 
integrated circuits feature a unique oscillator for precise duty cycle 
limit 
and frequency 
control, 
a temperature 
compensated 
refer- 


ence, two high gain error amplifiers, 
two current sensing com- 
parators, drive output 2 enable pin, and two high current totem 
pole outputs ideally suited for driving 
power MOSFETs. 
Also included 
are protective 
features consisting 
of input and 
reference undervoltage 
lockouts each with 
hysteresis, cycle-by- 
cycle current 
limiting, 
and a latch for single pulse metering 
of 
each output. 


These devices are available in dual-in-line 
and surface mount 
packages. 


• 
Unique Oscillator for Precise Duty Cycle Limit and Frequency 
Control 


• 
Current Mode Operation to 500 kHz 


• 
Automatic 
Feed Forward Compensation 


• 
Separate Latching PWMs for Cycle-By-Cycle Current Limiting 


• 
Internally Trimmed 
Reference with Undervoltage 
Lockout 


• 
Drive Output 2 Enable Pin 


• Two High Current Totem Pole Outputs 


• 
Input Undervoltage 
Lockout with Hysteresis 


• 
Low Start-Up and Operating Current 


• 
Direct Interface with Motorola 
SENSEFET Products 


MC34065 
MC33065 


HIGH PERFORMANCE 
DUAL CHANNEL 
CURRENT MODE CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


,_ 
"u"" 


1 
PLASTIC 
PACKAGE 


CASE 
648-06 


DWSUFFIX 
PLASTIC 
PACKAGE 
CASE 
751 G-01 
50-16 


Sync Input 


CT 


RT 


Voltage 
Feedback 
1 


Compensation 
1 


Current 
Sense 
1 


VCC 


Vref 


Drive 
Output 
2 Enable 


Voltage 
Feedback 
2 


Compensation 
2 


Current 
Sense 
2 


SyncInpUI 
(Top View) 


RT 
CT 


ORDERING 
INFORMATION 


Temperature 
Device 
Range 
Package 


MC34065DW 
50-16 
o to 
+ 70·C 
MC34065P 
Plastic 
DIP 


MC33065DW 
50-16 


-40 
to 
+85·C 


MC33065P 
Plastic 
DIP 


Rating 
Symbol 
Value 
Unit 


Total 
Power 
Supply 
and Zener 
Current 
(lcC+IZ) 
50 
mA 


Output 
Current, 
Source 
or Sink 
(Note 
1) 
10 
1.0 
A 


Output 
Energy 
(Capacitive 
Load 
per Cycle) 
W 
5.0 
p.J 


Current 
Sense, 
Enable, 
and Voltage 
Vin 
-0.3 
to 
+5.5 
V 


Feedback 
Inputs 


Sync 
Input 
High 
State 
(Voltage) 
VIH 
5.5 
V 


Low State 
(Reverse 
Currentl 
IlL 
-5.0 
mA 


Error 
Amp 
Output 
Sink Current 
10 
10 
mA 


Power 
Dissipation 
and Thermal 
Characteristics 
OW Suffix 
Package 
SO-16 Case 751G-01 
Maximum 
Power 
Oissipation 
@ TA ~ 25·C 
Po 
862 
mW 


Thermal 
Resistance 
Junction 
to Air 
R8JA 
145 
·crw 


P Suffix 
Package 
Case 648-06 
Maximum 
Power 
Dissipation 
@ TA = 25°C 
Po 
1.25 
W 


Thermal 
Resistance 
Junction 
to Air 
R8JA 
100 
·CIW 


Operating 
Junction 
Temperature 
TJ 
+150 
·C 


Operating 
Ambient 
Temperature 
TA 
·C 


MC34065 
o to 
+70 
MC33065 
-40 
to 
+85 


Storage 
Temperature 
Range 
Tsto 
-65to 
+150 
·C 


ELECTRICAL CHARACTERISTICS 
(VCC = 15 V (Note 
2), RT = 8.2 kn, CT = 3.3 nF, for typical 
values 
TA 
~ 25·C, for minimax 


values 
TA is the operating 
ambient 
temperature 
range 
that 
applies 
(Note 
3J.1 


Characteristic 
I 
Symbol 
Min 
Typ 
Max 
Unit 


Reference 
Output 
Voltage 
(10 = 1.0 mA, TJ 
~ 25·C) 
Vrel 
4.9 
5.0 
5.1 
V 


Line Regulation 
(VCC = 11 V to 15 V) 
Regline 
- 
2.0 
20 
mV 


Load 
Regulation 
(10 = 1.0 mA to 10 mAl 
Regload 
- 
3.0 
25 
mV 


Total 
Output 
Variation 
over 
Line, Load. and Temperature 
Vrel 
4.85 
- 
5.15 
V 


Output 
Short 
Circuit 
Current 
ISC 
30 
100 
- 
mA 


Total 
Frequency 
Variation 
over 
Line and Temperature 
10SC 
kHz 


(VCC = 11 V to 15 V, TA = Tlow 
to Thigh) 
MC34065 
46.5 
49 
51.5 
MC33065 
45 
49 
53 


Frequency 
Change 
with 
Voltage 
(VCC ~ 
11 V to 15 V) 
AfOSC/aV 
- 
0.2 
1.0 
% 


Outy Cycle 
at each Output 
% 


Maximum 
OCmax 
46 
49.5 
52 


Minimum 
OCmin 
- 
- 
0 


Sync 
Input 
Current 
p.A 


High 
State 
(Vin 
~ 2.4 VI 
IIH 
- 
170 
250 
Low 
State 
(Vin = 0.8 V) 
IlL 
- 
80 
160 


Voltage 
Feedback 
Input 
(Va = 2.5 V) 
VFB 
2.42 
2.5 
2.58 
V 


Input 
Bias Current 
(VFB 
~ 5.0 VI 
liB 
- 
-0.1 
-1.0 
p.A 


Open-Loop 
Voltage 
Gain (Va 
~ 2.0 to 4.0 VI 
AVOL 
65 
100 
- 
dB 


Unity 
Gain 
Bandwidth 
(TJ = 25·CI 
BW 
0.7 
1.0 
- 
MHz 


Power 
Supply 
Rejection 
Ratio (VCC ~ 
11 Vto 
15V) 
PSRR 
60 
90 
- 
dB 


Output 
Current 
-0.45 
mA 
Source 
(Va 
~ 3.0 V, VFB ~ 2.3 V) 
ISource 
2.0 
-1.0 
- 


Sink 
(Va 
~ 
1.2 V, VFB = 2.7 V) 
ISink 
12 
- 


Output 
Voltage 
Swing 
V 
High State 
(RL = 15k 
to ground, 
VFB = 2.3 V) 
VOH 
5.0 
6.2 
- 
Low State 
(RL = 15 k to Vrel, 
VFB 
~ 2.7 VI 
VOL 
- 
0.8 
1.1 


Notes: 1. Maximum package power dissipation limits must be observed. 


2. Adjust Vec above the Start-Up threshold before setting to 15 v. 
3. low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 


Tlow ::: O°Cfor the MC34065 
Thigh::: 
+ 70"C for MC34065 
- 40"C for MC3306S 
~ + 8S·C lor MC3306S 


ELECTRICAL 
CHARACTERISTICS 
(VCC 
= 
15 V [Note 
21. RT = 8.2 kfl, 
CT = 3.3 nF, for 
typical 
values 
TA 
= 
25°C, for 
minimax 


values 
TA is the 
operating 
ambient 
temperature 
range 
that 
applies 
[Note 
3J.1 


Characteristic 
I 
Symbol 
Min 
Typ 
Max 
Unit 


Current 
Sense 
Input 
Voltage 
Gain 
(Notes 
4 and 
51 
AV 
2.75 
3.0 
3.25 
VN 


Maximum 
Current 
Sense 
Input 
Threshold 
(Note 
4) 
Vth 
430 
480 
530 
mV 


Input 
Bias Current 
liB 
- 
-2.0 
-10 
p.A 


Propagation 
Delay 
(Current 
Sense 
Input 
to Outputl 
tpLN(lN/OUT) 
- 
150 
300 
ns 


Enable 
Pin Voltage 
V 


High 
State 
(Output 
2 Enabled) 
VIH 
3.5 
- 
Vref 
Low 
State 
(Output 
2 Disabled) 
VIL 
0 
- 
1.5 


Low 
State 
Input 
Current 
(VIL 
= 
0 V) 
.' 
liB 
100 
250 
400 
p.A 


Output 
Voltage 
V 
Low 
State 
(lSink 
= 
20 mAl 
VOL 
- 
0.1 
0.4 


(lSink 
= 
200 mAl 
- 
1.6 
2.5 


High 
State 
(lSource 
= 
20 mAl 
VOH 
13 
13.5 
- 


(lSource 
= 
200 mAl 
12 
13.4 
- 


Output 
Voltage 
with 
UVLO 
Activated 
VOL(UVLOI 
- 
0.1 
1.1 
V 
(VCC 
= 
6.0 V, ISink 
= 
1.0 mAl 


Output 
Voltage 
Rise Time 
(CL = 
1.0 nF) 
tr 
- 
28 
150 
ns 


Output 
Voltage 
Fall Time 
(CL = 
1.0 nF) 


"" 
tf 
- 
25 
150 
ns 


UNDERVOLTAGE 
LOCKOUT 
SECTION 


Start-Up 
Threshold 


Minimum 
Operating 
Voltage 
After 
Turn-On 


TOTAL 
DEVICE 


Power 
Supply 
Current 
ICC 
mA 
Start-Up 
(VCC 
= 
12 V) 
- 
0.6 
1.0 
Operating 
(Note 
2) 
- 
20 
25 


Power 
Supply 
Zener 
Voltage 
(lCC 
= 
30 mAl 
Vz 
15.5 
17 
19 
V 


Notes: 1. Maximum package power dissipation limits must be observed. 


2. Adjust Vec above the Start-Up threshold before setting to 15 V. 
3. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 


Tlow 
: 
~~ri~ 
:~~~~3~g:; 
Thigh 
: :~~:g:~~~g:g~~ 
4. This parameter is measured at the latch trip point with Vfb = 0 V. 


5. Comparator gain is defined as AV = t!.V Compensation 
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OPERATING DESCRIPTION 
The MC34065 series are high performance, 
fixed fre- 
quency, dual channel current mode controllers 
specif- 
ically designed 
for Off-Line 
and DC to DC converter 
applications. 
These devices offer the designer 
a cost 
effective 
solution 
with 
minimal 
external 
components 
where independent 
regulation of two power converters 
is required. The Representative Block Diagram is shown 
in Figure 15. Each channel contains a high gain error 
amplifier, 
current 
sensing 
comparator, 
pulse width 
modulator 
latch, and totem 
pole output 
driver. 
The 
oscillator, 
reference regulator, 
and undervoltage 
lock- 
out circuits are common to both channels. 


Oscillator 
The unique 
oscillator 
configuration 
employed 
fea- 
tures precise frequency and duty cycle control. The fre- 
quency is programmed 
by the values selected for the 
timing components 
RT and Cr- Capacitor CT is charged 
and discharged by an equal magnitude 
internal current 
source and sink, generating 
a symmetrical 
50 percent 
duty cycle waveform 
at Pin 2. The oscillator 
peak and 
valley thresholds 
are 3.5 V and 1.6 V respectively. The 
source/sink current magnitude 
is controlled 
by resistor 
RT. For proper operation 
over temperature 
it must be 
in the range of 4.0 kn to 16 kn as shown in Figure 1. 
As CT charges and discharges, an internal blanking 
pulse is generated 
that 
alternately 
drives the center 
inputs of the upper and lower NOR gates high. This, in 
conjunction 
with a precise amount of delay time intro- 
duced into each channel, 
produces well defined 
non- 


overlapping 
output 
duty 
cycles. Output 
2 is enabled 
while 
CT is charging, 
and Output 
1 is enabled during 
the discharge. 
Figure 2 shows the Maximum 
Output 
Duty Cycle versus Oscillator Frequency. Note that even 
at 500 kHz, each output is capable of approximately 
44% 


on-time, 
making 
this controller 
suitable 
for high fre- 
quency power conversion 
applications. 
In many noise sensitive applications 
it may be desir- 
able to frequency-lock 
the converter to an external sys- 
tem clock. This can be accomplished by applying a clock 
signal as shown in Figure 17. For reliable locking, the 
free-running 
oscillator 
frequency 
should 
be set about 
10% less than the clock frequency. Referring to the tim- 
ing diagram shown in Figure 16, the rising edge of the 
clock signal applied to the Sync input. terminates charg- 
ing of CT and Drive Output 2 conduction. 
By tailoring 
the 
clock 
waveform 
symmetry, 
accurate 
duty 
cycle 
clamping 
of either output 
can be achieved. A circuit 
method 
for 
this, 
and 
multi 
unit 
synchronization, 
is 
shown in Figure 18. 


Error Amplifier 
Each channel 
contains 
a fully-compensated 
Error 
Amplifier 
with access to the inverting 
input and output. 


The amplifier 
features 
a typical 
dc voltage 
gain 
of 
100 dB, and a unity gain bandwidth 
of 1.0 MHz with 71 
degrees of phase margin (Figure 5). The non-inverting 
input is internally 
biased at 2.5 V and is not pinned out. 


The converter output voltage is typically 
divided down 
and monitored 
by the inverting 
input through a resistor 
divider. 
The maximum 
input 
bias current 
is -1.0 
IJ-A 
which will cause an output voltage error that is equal 
to the product of the input bias current and the equiv- 
alent input divider source resistance. 


The Error Amp output (Pin 5, 12) is provided for exter- 
nal loop compensation. 
The output voltage is offset by 
two diode drops (=1.4 V) and divided by three before 
it connects to the inverting 
input of the Current Sense 
Comparator. This guarantees that no pulses appear at 
the Drive Output 
(Pin 7, 10) when the error amplifier 
output is at its lowest state (VoL!. This occurs when the 
power supply is operating 
and the load is removed, or 
at the beginning of a soft-start interval (Figures 20, 21). 


The minimum 
allowable 
Error Amp feedback resis- 
tance 
is limited 
by the amplifier's 
source 
current 
(0.5 mAl and the output voltage (VOH) required to reach 
the comparator's 
0.5 V clamp level with the inverting 
input at ground. This condition 
happens during 
initial 
system startup or when the sensed output is shorted: 


R 
_ 3.0 (0.5 V) + 1.4 V _ 5800 n 
f(MIN) - 
0.5 mA 
- 


Current Sense Comparator 
and PWM Latch 
The MC34065 operates as a current mode controller, 
whereby 
output 
switch conduction 
is initiated 
by the 
oscillator 
and terminated 
when the peak inductor 
cur- 
rent reaches the threshold level established by the Error 
Amplifier 
output. Thus the error signal controls the peak 
inductor current on a cycle-by-cycle 
basis. The Current 
Sense 
Comparator-PWM 
Latch configuration 
used 
ensures that only a single pulse appears at the Drive 
Output during any given oscillator 
cycle. The inductor 
current is converted to a voltage by inserting a ground- 
referenced sense resistor RS in series with the source 
of output switch Q1. This voltage 
is monitored 
by the 
Current Sense Input (Pin 6, 11) and compared to a level 
derived from the Error Amp output. The peak inductor 
current under normal operating conditions 
is controlled 
by the voltage at Pin 5, 12 where: 


I 
_ V(Pin 5, 12) - 
1.4 V 
pk - 
3 RS 


Abnormal 
operating 
conditions 
occur 
when 
the 
power supply output is overloaded or if output voltage 
sensing 
is lost. Under these conditions, 
the Current 
Sense Comparator threshold will be internally clamped 
to 0.5 V. Therefore the maximum 
peak switch current 
is: 


0.5 V 
Ipk(max) = AS 


When designing 
a high power switching 
regulator 
it 
may be desirable to reduce the internal clamp voltage 
in order to keep the power dissipation 
of RS to a rea- 
sonable level. A simple method to adjust this voltage 
is shown in Figure 19. The two external diodes are used 
to compensate the internal diodes, yielding 
a constant 
clamp voltage over temperature. 
Erratic operation 
due 
to noise pickup can result if there is an excessive reduc- 
tion of the Ipk(max) clamp voltage. 
A narrow 
spike on the leading edge of the current 
waveform 
can usually be observed and may cause the 
power supply to exhibit an instability 
when the output 
is lightly 
loaded. This spike is due to the power trans- 
former 
interwinding 
capacitance 
and output 
rectifier 
recovery time. The addition of an RCfilter on the Current 
Sense input with a time constant that approximates 
the 
spike duration will usually eliminate the instability; 
refer 
to Figure 24. 
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Undervoltage 
Lockout 
Two Undervoltage 
Lockout comparators 
have been 
incorporated 
to guarantee that the IC is fully functional 
before 
the output 
stages 
are enabled. 
The positive 
power supply terminal 
(VCC) and the reference output 
(Vref) are each monitored 
by separate comparators. 


Each has built-in 
hysteresis to prevent erratic output 
behavior as their respective thresholds are crossed. The 
VCC comparator 
upper and lower thresholds 
are 14 V 
and 10 V respectively. The hysteresis and low start-up 
current 
makes these devices ideally suited to off-line 
converter 
applications 
where efficient 
bootstrap 
start- 
up techniques 
are required (Figure 28). The Vref com- 
parator disables the Drive Outputs until the internal cir- 
cuitry 
is functional. 
This comparator 
has upper 
and 
lower thresholds 
of 3.6 V and 3.4 V. A 17 V zener is 
connected as a shunt regulator from VCC to ground. Its 
purpose is to protect the IC and power MOSFET gate 
from 
excessive voltage that can occur during 
system 
start-up. 
The guaranteed 
minimum 
operating 
voltage 
afterturn-on 
is 11 V. 


Drive Outputs 
and Drive Ground 
Each channel 
contains 
a single 
totem-pole 
output 
stage that 
is specifically 
designed 
for direct drive 
of 
power MOSFET's. The Drive Outputs are capable of up 
to ± 10 A peak current and have a typical 
rise and fall 
times of 28 ns with a 1.0 nF load. Internal circuitry 
has 
been added to keep the outputs in a sinking mode when- 
ever an Undervoltage 
Lockout is active. This character- 
istic eliminates the need for an external pull-down 
resis- 
tor. Cross-conduction 
current in the totem-pole 
output 
stage has been minimized 
for high speed operation, as 
shown in Figure 13. The average added power due to 
cross-conduction 
with 
VCC = 15 V is only 60 mW at 
500 kHz. 
Although 
the Drive 
Outputs 
were 
optimized 
for 
MOSFETs, they can easily supply the negative base cur- 
rent required 
by bipolar 
NPN transistors 
for enhanced 
turn-off (Figure 25). The outputs do not contain internal 
current 
limiting, 
therefore 
an external 
series resistor 
may be required to prevent the peak output current from 
exceeding the ± 1.0 A maximum 
rating. The sink satu- 
ration (VOL) is less than 0.4 Vat 
100 mA. 


External 
220 pF 


Sync 
~ 
Input/~ 
.J1.J"l 


A separate Drive Ground 
pin is provided 
and, with 
proper 
implementation, 
will 
significantly 
reduce the 
level of switching 
transient 
noise imposed on the con- 
trol 
circuitry. 
This becomes 
particularly 
useful when 
reducing the lpk(max) clamp level. Figure 23 shows the 
proper ground connections required for current sensing 
power MOSFET applications. 


Drive Output 2 Enable Pin 
This input 
is used to enable Drive Output 
2. Drive 
Output 1 can be used to control circuitry that must run 
continuously 
such as volatile 
memory 
and the system 
clock, or a remote controlled 
receiver, while Drive Out- 
put 2 controls the high power circuitry that is occasion- 
ally turned off. 


Reference 
The 5.0 V bandgap 
reference is trimmed 
to 
±2.0% 


tolerance at TJ = 25'C. The reference has short circuit 
protection 
and is capable 
of providing 
in excess of 
30 mA 
for 
powering 
any 
additional 
control 
system 
circuitry. 


Design Considerations 
Do not attempt 
to construct 
the converter 
on wire- 
wrap or plug-in prototype 
boards. High frequency 
cir- 
cuit layout techniques are imperative 
to prevent pulse- 


width jitter. This is usually caused by excessive noise 
pick-up imposed on the Current Sense or Voltage Feed- 
back inputs. Noise immunity 
can be improved 
by low- 
ering circuit 
impedances 
at these points. The printed 
circuit layout should contain a ground 
plane with 
low 
current 
signal 
and 
high 
current 
switch 
and 
output 
grounds returning 
on separate paths back to the input 
filter capacitor. Ceramic bypass capacitors (0.1 p.F) con- 
nected 
directly 
to VCC and Vref 
may 
be required 
depending 
upon 
circuit 
layout. 
This 
provides 
a low 
impedance path for filtering 
the high frequency 
noise. 


All high current loops should be kept as short as pos- 
sible using heavy copper runs to minimize radiated EMI. 
The Error Amp 
compensation 
circuitry 
and the con- 
verter output voltage-divider 
should be located close to 
the IC and as far as possible.from 
the power switch and 
other noise generating 
components. 
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VCI8mp"~+033l(10 
3(~) 
(~.,) 


1.67 


VClamp" 
-(R 
) 
~ +' 
R, 


"Q..,. 
lpklmaxl 
•• 
RS 


( 
\ 
)-"-t'!L 
'Soft-Start 
•• In 
1 
Vc 
C Rl + R2 


3VClamp 


VPin 
6 •• ~~~:~~IWi 


If: 
SENSeFET 
•• 
MTP10Nl0M 


RS 
•• 
200 


Then: 
VPin6 
•• O.07Slpk 


Virtually 
lonless 
currenl 
sensing 
~n 
be 
achieved 
with 
the 


implementation 
of. 
SENSEFET 
power 
switch. 
For pl"oper 
oper- 


ation 
during 
over current 
conditions, 
I reduction 
of the 


lplt(mllt) clamp level mUll be implemented. Refer to Figures 


19and 
21. 


Senes 
gate 
resistor 
Rg may 
be needed 
10 damp 
tllgh 
frequency 


paraSitiCoscillations ciused by the MOSFET 
input cap.cit.nce 


and 
.nv 
series 
wiring 
inductance 
,n the 
gate-$Ource 
cirCUit. 
Rg 


will 
decrease 
the 
MQSFET 
swilchlng 
speed 
Schottky 
diode 
0, 


is required 
if circuit 
nnging 
drives 
the output 
pin below 
ground. 


'B 


~~Ch"ge 
I v 
Ba~:~OVal 


~47 


The capacitor 
is equivalent 
series resistance 
must 
limit 
the Drive Output 
current 
to 1.0 A. 


An additional 
series resistor 
may be required 
when 
using tantalum 
or other 
low E$R 
capacitors. 
The positive 
output 
can provide 
excellent 
line and load regulation 
by 
connecting 
the A2IRl 
resistor 
divider 
as shown. 


+VO{VI 


29.8 


2B.3 
27.9 
27.5 
24.4 


-Vo IVI 


-14.7 
-13.4 
-12.9 
-12.5 
-9.5 


II 


10 H Cold 
<, n Hot 


115~ 
Vac 
0.22 


~-;£l-- 
8 
1.9 


'=' 
'=' 


T2 - 
Primary: 
156 Turns. #34 
AWG 
Primary Feedback: 19 Turns, 
#34 AWG 
Secondary: 
17 Turns, #28 
AWG 
Core: TDK H7C1EE22-Z 
Bobbin: 
BE22-6H 
Gap: "0.001" 
for a primary 
inductance 
of 6.8 mH 


I 


100 V RTN 


12V11.0A 


T3 - 
Primary: 
56 Turns, #23 AWG 
(2 strands) Bifiliar Wound 
Secondary: 
12 V: 4 Turns. 
#23 AWG (4 strands) 
Quadfiliar 
Wound 
Secondary 
100 V: 32 Turns, 
#23 AWG (2 strands) Bifiliar 
Wound 
Core: Ferroxcube 
EEC 40-3C8 
Bobbin: 
Ferroxcube 
40-'112CP 
Gap: -0.030" 
for a primary 
inductance 
of 212 ILH 


PIN FUNCTION 
DESCRIPTION 


Pin # 
Function 


1 
Sync Input 


2 
CT 


3 
RT 


4 
Voltage 
Feedback 
1 


5 
Compensation 1 


6 
Current 
Sense' 


7 
Drive Output 
1 


8 
Gnd 


9 
Drive 
Gnd 


10 
Drive Output 
2 


11 
Current 
Sense 2 


12 
Compensation 
2 


13 
Voltage 
Feedback 
2 


14 
Drive 
Output 
2 Enable 


15 
Vref 


16 
VCC 


Description 


A narrow 
rectangular 
waveform 
applied to this input will synchronize 
the Oscillator. 
A de voltage 
within 
the range 
of 2.4 V to 5.5 V will 
inhibit 
the Oscillator. 


Timing 
capacitor 
Cr connects 
from 
this 
pin to ground 
setting 
the free-running 
Oscillator 
fre- 


quency 
range. 


Resistor 
RT connects 
from 
this 
pin to ground 
precisely 
setting 
the charge 
current 
for CT- RT 
must 
be between 
4.0 k and 16 k. 


This pin is the inverting 
input 
of Error Amplifier 
1. It is normally 
connected 
to the switching 
power 
supply 
output 
through 
a resistor 
divider. 


This pin is the output 
of Error Amplifier 
1 and is made available 
for loop compensation. 


A voltage 
proportional 
to the 
inductor 
current 
is connected 
to this 
input. 
PWM 
1 uses 
this 
information 
to terminate 
conduction 
of output 
switch 
01. 


This pin directly 
drives 
the gate of a power 
MOSFET 01. Peak currents 
up to 1.0 A are sourced 
and sinked 
by this 
pin. 


This 
pin is the control 
circuitry 
ground 
return 
and is connected 
back to the source 
ground. 


This 
pin is a separate 
power 
ground 
return 
that 
is connected 
back to the power 
source. 
It is 
used to reduce the effects 
of switching 
transient 
noise on the control 
circui~ry. 


This pin directly 
drives 
the gate of a power 
MOSFET 02. Peak currents 
up to '.0 A are sourced 
and sinked 
by this 
pin. 


A voltage 
proportional 
to inductor 
current 
is connected 
to this input. PWM 2 uses this information 
to terminate 
conduction 
of output 
switch 
02. 


This pin is the output 
of Error Amplifier 
2 and is made available 
for loop compensation. 


This 
pin in the inverting 
input 
of Error Amplifier 
2. It is normally 
connected 
to the switching 
power 
supply 
output 
through 
a resistor 
divider. 


A logic 
low at this 
input 
disables 
Drive Output 
2. 


This is the 5.0 V reference 
output. 
It can provide 
bias for any additional 
system 
circuitry. 


This 
pin is the positive 
supply 
of the control 
Ie. The minimum 
operating 
voltage 
range 
after 
start-up 
is 11 V to 15.5 V. 


II 


II 


@ MOTOROLA 


The MC34129 series are high performance current mode switch- 
ing regulators 
specifically 
designed for use in low power digital 
telephone 
applications. 
These integrated circuits feature a unique 
internal 
fault timer that provides 
automatic 
restart for overload 
recovery. For enhanced system efficiency, a start/run comparator 
is included 
to implement 
bootstrapped 
operation 
of VCC' Other 
functions 
contained 
are a temperature 
compensated 
reference, 


reference amplifier, 
fully accessible error amplifier, 
sawtooth 
os- 
cillator 
with sync input, pulse width 
modulator 
comparator, 
and 
a high current totem pole driver ideally suited for driving a power 
MOSFET. 


Also included 
are protective 
features 
consisting 
of soft-start, 
undervoltage 
lockout, cycle-by-cycle 
current 
limiting, 
adjustable 
dead time, and a latch for single pulse metering. 


Although 
these devices are primarily 
intended for use in digital 
telephone 
systems, 
they can be used cost effectively 
in many 
other applications. 


e Current Mode Operation to 300 kHz 


e Automatic 
Feed Forward Compensation 


e Latching PWM for Cycle-By-Cycle Current Limiting 


e Continuous 
Retry after Fault Timeout 


e Soft-Start 
with Maximum 
Peak Switch Current Clamp 


e Internally 
Trimmed 
2% Bandgap Reference 


e High Current Totem Pole Driver 


e Input Undervoltage 
Lockout 


e Low Start-Up and Operating 
Current 


e Direct Interface with Motorola 
SENSEFET Products 


7 
Gnd~ 


Non-Inverting 


Input 


Inverting 


Input 


Feedback! 


1 
PWM Input 


Drive 
Out 


MC34129 
MC33129 


HIGH 
PERFORMANCE 
CURRENT 
MODE 
CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


..- 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


DSUFAX 
PLASTIC 
PACKAGE 
CASE 
7S1A-02 
50-14 


Ramp 
Input 


Sync/Inhibit 
4 
Input 


Temperature 
Device 
Range 
Packege 


MC34129D 
o to 
+70·C 
50-14 
Plastic 
DIP 


MC34129P 
o to 
+70·C 
Plastic 
DIP 


MC33129D 
-40 
to 
+8S·C 
SO-14 
Plastic 
DIP 


MC33129P 
-40 
to 
+8S·C 
Plastic 
DIP 


Rating 
Symbol 
Value 
Unit 


VCC Zener 
Current 
IZ(VCC) 
50 
mA 


Start/Run 
Output 
Zener 
Current 
IZ(Start/Run) 
50 
mA 


Analog 
Inputs 
(Pins 3, 5, 9, 10, 11, 121 
- 
- 0.3 to 5.5 
V 


Sync 
Input 
Voltage 
Vsvnc 
-0.3 
to VCC 
V 


Drive 
Output 
Current, 
Source 
or Sink 
IDRV 
1.0 
A 


Current, 
Reference 
Outputs 
(Pins 6, 8) 
Iref 
20 
mA 


Power 
Dissipation 
and Thermal 
Characteristics 
D Suffix 
Package 
SO-14 Case 751 A-02 


Maximum 
Power 
Dissipation 
(ci TA = 700e 
PD 
552 
mW 


Thermal 
Resistance 
Junction 
to Air 
R9JA 
145 
'CIW 
P Suffix 
Package 
Case 646-06 
Maximum 
Power 
Dissipation 
@, TA = 70 


De 
PD 
800 
mW 


Thermal 
Resistance 
Junction 
to Air 
R9JA 
100 
'CIW 


Operating 
Junction 
Temperature 
TJ 
+150 
'c 


Operating 
Ambient 
Temperature 
TA 
'c 
MC34129 
o to 
+ 70 
MC33129 
-40 
to 
+85 


Storage 
Temperature 
Range 
Tsto 
-65to 
+150 
'c 


ELECTRICAL 
CHARACTERISTICS 
(VCC = 10 V, TA 
~ 25'C [Note 
11 unless 
otherwise 
notedl 


Characteristic 
I 
Symbol 
I 
Min 
Typ 


Reference 
Output 
Voltage, 
TA ~ 25'C 
Vref 
V 


1.25 V Ref., IL = 0 mA 
1.225 
1.250 
1.275 
2.50 V Ref., IL ~ 
1.0 mA 
2.375 
2.500 
2.625 


Reference 
Output 
Voltage. 
TA ~ Tlow 
to Thigh 
Vref 
V 


1.25 V Ref., IL = 0 mA 
1.200 
- 
1.300 
2.50 V Ref., IL - 
1.0 mA 
2250 
- 
2.750 


Line Regulation 
(VCC = 4.0 V to 12 V) 
Regline 
mV 


1.25 V Ref., IL = 0 mA 
- 
2.0 
12 


2.50 V Ref., IL ~ 
1.0 mA 
- 
10 
50 


Load 
Regulation 
Regload 
mV 
1.25 V Ref., IL = 
-10to 
+500 
!LA 
- 
1.0 
12 


2.50 V Ref., IL = 
-0.1 
to 
+1.0 
mA 
- 
3.0 
25 


Input 
Offset 
Voltage 
(Vin 
~ 
1.25 V) 
Via 
mV 
TA = 25'C 
- 
1.5 
- 


TA = TlowtoThioh 
- 
- 
10 


Input 
Offset 
Current 
(Vin = 1.25 V) 
110 
- 
10 
- 
nA 


Input 
Bias Current 
(Vin 
= 1.25 VI 
lIB 
nA 
TA = 25'C 
- 
25 
- 


TA = Tlow 
to Thioh 
- 
- 
200 


Input 
Common-Mode 
Voltage 
Range 
VICR 
- 
0.5 to 5.5 
- 
V 


Open-Loop 
Voltage 
Gain 
(Va = 1.25 V) 
AVOL 
65 
87 
- 
dB 


Gain 
Bandwidth 
Product 
(Va = 1.25 V, f = 100 kHz) 
GBW 
500 
750 
- 
kHz 


Power 
Supply 
Rejection 
Ratio (VCC = 5.0 to to V) 
PSRR 
65 
85 
- 
dB 


Output 
Source 
Current 
(VO ~ 1.5 VI 
ISource 
40 
80 
- 
!LA 


Output 
Voltage 
Swing 
V 


High 
State 
(ISource 
~ 0 ~I 
VOH 
1.75 
1.96 
2.25 
Low 
State 
(ISink 
~ 5OO~) 
VOL 
- 
0.1 
0.15 


II 


II 


ELECTRICAL 
CHARACTERISTICS 
IVCC = 10 V, TA = 25°C [Note 
11 unless 
otherwise 
noted) 
c= 
Characteristic 
I 
Sy~bol 
I 
Min 
I 
Typ 


PWM COMPARATOR 


Input 
Offset 
Voltage 
IVin = 1.25 VI 
VIO 
150 
275 
400 
mV 


Input 
Bias Current 
liB 
- 
-120 
-250 
p.A 


Propagation 
Delay, 
Ramp 
Input 
to Drive 
Output 
tPLHIIN/DRVI 
- 
250 
- 
ns 


Capacitor 
Charge 
Current 
(Pin 
12 ~ 0 VI 
Icho 
0.75 
1.2 
1.50 
p.A 


Buffer 
Input 
Offset 
Voltage 
IVin 
~ 
1.25 VI 
VIO 
- 
15 
40 
mV 


Buffer 
Output 
Voltage 
(ISink 
~ 
100 p.AI 
VOL 
- 
0.15 
0.225 
V 


Restart 
Delay 
Time 


START/RUN 
COMPARATOR 


Threshold 
Voltage 
IPin 
121 
Vth 
- 
2.0 
- 
V 


Threshold 
Hysteresis 
Voltage 
(Pin 
121 
VH 
- 
350 
- 
mV 


Output 
Voltage 
(ISink 
~ 
500 p.AI 
VOL 
9.0 
10 
10.3 
V 


Output 
Off·State 
Leakage 
Current 
(VOH 
= 
15 VI 
IS/Rlleakl 
- 
0.4 
2.0 
p.A 


Output 
Zener 
Voltage 
IIZ = 
10 mAl 
Vz 
- 
IVcc 
+ 7.61 
- 
V 


Frequency 
IRT 
~ 
25.5 kfl, 
CT ~ 390 pFI 
fOSC 
80 
100 
120 
kHz 


Capacitor 
CT Discharge 
Current 
(Pin 5 = 1.2 VI 
Idischq 
240 
350 
460 
p.A 


Sync Input 
Current 
p.A 


High 
State 
(Vin 
= 2.0 VI 
IIH 
- 
40 
125 
Low 
State 
(Vin 
~ 0.8 VI 
IlL 
- 
15 
35 


Sync Input 
Resistance 
Rjn 
12.5 
32 
50 
kO 


Output 
Voltage 
V 
High 
State 
(ISource 
= 200 mAl 
VOH 
8.3 
8.9 
- 
Low 
State 
(ISink 
~ 
200 mAl 
VOL 
- 
1.4 
1.8 


Low State 
Holding 
Current 
IH 
- 
225 
- 
p.A 


Output 
Voltage 
Rise Time 
(CL ~ 
500 pFI 
tr 
- 
100 
- 
ns 


Output 
Voltage 
Fall Time 
ICL 
~ 
500 pFI 
tf 
- 
30 
- 
ns 


Output 
Pull-Down 
Resistance 
RpD 
100 
225 
350 
kO 


UNDERVOLTAGE 
LOCKOUT 


Start-Up 
Threshold 


Hysteresis 


Power 
Supply 
Current 
RT = 25.5 kll, 
CT = 390 pF, CL = 
500 pF 


Power 
Supply 
Zener 
Voltage 
(IZ ~ 
10 mAl 


Note 
1. Tlow 
"" O"C for 
MC34129 
Thigh 
= 


-= 
-40°C 
for MC33129 


VCC 
10 V= 


TA 
25"C::: 


2m( 


10K CT'I ~~~~+-2iO 
nr 
-\0 
nr 
~ 
pF r-~ 
PF~OO~rf 
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CT = 5.0 nFT ~ 
20::; =.=1:°::; 
5°~F~00::; 
100FF 
/ 
nF 
.nFI 
pF 
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./ 
./ 
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./ 
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./ 
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VCC = IOV- 


V 
TA 
25'C- 


10 
20 
50 
100 
lose. OSCILLATORFREQUENCY1kHz' 


60 
~ 
z 
<i' 
40 
'"~«~ 
0> 
20 
~ 
09z~ 
0i;> 
« 


- 
- 
- 


V~C ~ 11~V 
~'" 
- 
- 
f-Vo ~ 1.25V 
- 
Gain 
- 
f-RL 
~ x 


~'" 


TA ~ 25"C 
- 
- 


- 
~se 
;::;:::::s....• 
- 
r\. 


- 
- 
- 
~ 
" 


II 


/" 
/ 
/ 
I 


VCC~10V 
_ 
Vo = 1.25V 


RL to 1.25 Vref_ 


TAl = 25"~ 


90 
~ 
z 
<i' 
80 
<.? 
~; 
0> 
70 
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~ 
>« 
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w 
08 
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~ 
:::> 
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:::>~ 
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I 
I 
I 
VCC = 10 V 
PinS 8 to 9 
Pins 2, 5, 7, 10, 12 to Gnd 


TA = 25°C 


V 
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200 
300 
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ISink, OUTPUT SINK CURRENT ("AI 
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f--VCC 
~ 
10V 


f-- 
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Pins 2, 5, 7 to Gnd 
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= 25"C 
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./ 
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L.-- 
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«~~ 
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3.2 


~ 
w 
<.? 
2.4 
; 
0>~ 
~ 
1.6 
:::>0 
tJI 


0.8 
~ 
> 


TA = 25"C 


Vref 2.5 V, RL ~ 
2.5 k 


7 
/ 


Vref 1.25 V, RL ~ 
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TA. AMBIENT 
TEMPl:RATURE 
I CI 


Sink Saturation 
-- 
{Load to VCCI - 
-- 
- 
Gnd ~ 


:< 
B.O 
.s~ 


~ 
6.0 
a 


~ 
4.0 
~ 
~ 
2.0 


I 
I 


_RT 
= 25.5k 


CT = 390 pF 


-TA 
= 25C 
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Pin No. 
Function 
Description 


1 
Drive Output 
This output directly drives the gate of a power MOSFET. Peak cur- 
rents up to 1.0 A are sourced and sinked by this pin. 


2 
Drive Ground 
This pin is a separate power ground return that is connected back 
to the power source. It is used to reduce the effects of switching 
transient noise on the control circuitry. 


3 
Ramp Input 
A voltage proportional 
to the inductor current is connected to this 
input. The PWM uses this information 
to terminate 
output switch 
conduction. 


4 
Sync/Inhibit 
Input 
A rectangular waveform 
applied to this input will synchronize the 
Oscillator and limit the maximum 
Drive Output duty cycle. A dc 
voltage within the range of 2.0 V to VCC will inhibit the controller. 


5 
RT/CT 
The free-running 
Oscillator frequency 
and maximum 
Drive Output 
duty cycle are programmed 
by connecting 
resistor RT to Vref 2.5 V 
and capacitor CT to Ground. Operation to 300 kHz is possible. 


6 
Vref 2.50 V 
This output is derived from Vref 1.25 V. It provides charging current 
for capacitor CT through 
resistor RT- 


7 
Ground 
This pin is the control circuitry 
ground return and is connected 
back to the source ground. 


8 
Vref 1.25 V 
This output furnishes a voltage reference for the Error Amplifier 
Non-Inverting 
Input. 


9 
Error Amp Non-Inverting 
Input 
This is the non-inverting 
input of the Error Amplifier. 
It is normally 
connected to the 1.25 V reference. 


10 
Error Amp Inverting Input 
This is the inverting 
input of the Error Amplifier. 
It is normally 
con- 
nected to the switching 
power supply output through 
a resistor 
divider. 


11 
Feedback/PWM Input 
This pin is available for loop compensation. 
It is connected to the 
Error Amplifier 
and Soft-Start Buffer outputs, and the Pulse Width 
Modulator 
input. 


12 
CSoft-Start 
A capacitor CSoft-Start is connected from this pin to Ground for a 
controlled 
ramp-up of peak inductor current during start-up. 


13 
Start/Run Output 
This output controls the state of an external bootstrap transistor. 
During the start mode, operating 
bias is supplied by the transistor 
from Vin. In the run mode, the transistor 
is switched off and bias is 
supplied by an auxiliary 
power transformer 
winding. 


14 
VCC 
This pin is the positive supply of the control IC. The controller 
is 
functional 
over a minimum 
VCC range of 4.2 V to 12 V. 


The MC34129 series are high performance 
current 
mode 
switching 
regulator 
controllers 
specifically 
de- 
signed for use in low power telecommunication 
appli- 


cations. Implementation 
will allow remote digital tele- 
phones and terminals 
to shed their power cords and 
derive operating 
power directly 
from the twisted 
pair 
used for data transmission. 
Although 
these devices are 
primarily 
intended for use in digital telephone systems, 


they can be used cost effectively 
in a wide 
range of 
converter 
applications. 
A representative 
block diagram 
is shown in Figure 18. 


OSCILLATOR 
The oscillator frequency is programmed 
by the values 
selected for the timing 
components 
RT and CT. Capac- 


itor CT is charged 
from 
the 2.5 V reference through 
resistor RT to approximately 
1.25 V and discharged by 
an internal current sink to ground. During the discharge 
ofCT, the oscillator generates an internal blanking pulse 
that holds the lower input of the NOR gate high. This 
causes the Drive Output to be in a low state, thus pro- 
ducing a controlled 
amount of output deadtime. Figure 
1 shows Oscillator 
Frequency versus RT and Figure 2, 


Output Deadtime versus Frequency, both for given val- 
ues of CT. Note that many values of RT and CT will give 
the same oscillator frequency but only one combination 
will 
yield 
a specific 
output 
deadtime 
at a given 
fre- 


quency. In many noise sensitive applications 
it may be 
desirable to frequency-lock 
one or more switching 
reg- 
ulators to an external system clock. This can be accom- 
plished by applying 
the clock signal to the Sync/Inhibit 


Input. 
For reliable 
locking, the free-running 
oscillator 
frequency 
should be about 10% less than the clock fre- 


quency. Referring to the timing diagram shown in Fig- 
ure 19, the rising edge of the clock signal applied to the 
Sync/Inhibit 
Input, terminates charging of CT and Drive 
Output conduction. 
By tailoring the clock waveform, ac- 


curate duty cycle clamping 
of the Drive Output can be 
achieved. A circuit 
method is shown in Figure 20. The 
Sync/Inhibit 
Input 
may also be used as a means for 
system shutdown 
by applying a dc voltage that is within 


the range of 2.0 V to VCC' 


PWM COMPARATOR AND LATCH 
The MC34129 operates as a current mode controller 
whereby 
output 
switch 
conduction 
is initiated 
by the 
oscillator 
and terminated 
when the peak inductor 
cur- 


rent reaches a threshold 
level established by the output 
of the Error Amp or Soft-Start Buffer (Pin 11). Thus the 
error signal 
controls 
the peak inductor 
current 
on a 
cycle-by-cycle 
basis. The PWM Comparator-Latch 
con- 


figuration 
used, ensures that only a single pulse appears 


at the Drive Output 
during 
any given oscillator 
cycle. 


The inductor 
current 
is converted 
to a voltage 
by in- 
serting the ground-referenced 
resistor RS in series with 
the source of output 
switch Q1. The Ramp Input adds 
an offset of 275 mV to this voltage to guarantee that no 
pulses appear at the Drive Output when Pin 11 is at its 


lowest state. This occurs at the beginning 
of the soft- 


start interval 
or when the power supply 
is operating 
and the load is removed. The peak inductor current un- 
der normal 
operating 
conditions 
is controlled 
by the 
voltage at Pin 11 where: 


V(Pin 11) - 
0.275 V 
Ipk = 
RS 


Abnormal 
operating 
conditions 
occur when the power 
supply output is overloaded or if output voltage sensing 
is lost. Under these conditions, 
the voltage 
at Pin 11 


will be internally clamped to 1.95 V by the output of the 
Soft-Start Buffer. Therefore the maximum 
p'eak switch 
current is: 


1.95 V - 
0.275 
1.675 V 


RS 
=~ 


II 


When designing 
a high power 
switching 
regulator 
it 
becomes desirable to reduce the internal clamp voltage 
in order to keep the power dissipation 
of RS to a rea- 


sonable level. A simple method which adjusts this volt- 
age in discrete increments 
is shown in Figure 22. This 


method is possible because the Ramp Input bias current 
is always negative (typically 
- 120 !LA). A positive tem- 


perature coefficient equal to that of the diode string will 
be exhibited 
by Ipk(max). An adjustable method that is 


more precise and temperature 
stable is shown in Figure 
23. Erratic operation 
due to noise pickup can result if 
there is an excessive reduction of the clamp voltage. In 
this situation, 
high frequency circuit layout techniques 


are imperative. 


A narrow 
spike on the leading edge of the current 


waveform 
can usually be observed and may cause the 


power supply to exhibit an instability 
when the output 
is lightly 
loaded. This spike is due to the power trans- 


former interwinding 
capacitance and output rectifier re- 


covery time. The addition 
of an RC filter on the Ramp 
Input with a time constant that approximates 
the spike 


duration 
will usually eliminate 
the instability; 
refer to 


Figure 25. 


ERRORAMP AND SOFT-START BUFFER 
A fully-compensated 
Error Amplifier 
with access to 


both inputs and output is provided for maximum design 
flexibility. 
The Error Amplifier 
output 
is common 
with 
that of the Soft-Start 
Buffer. These outputs are open- 


collector 
(sink only) and are ORed together 
at the in- 
verting input of the PWM Comparator. With this config- 
uration, the amplifier that demands lower peak inductor 
current dominates control of the loop. Soft-start is man- 
datory 
for 
stable 
start-up 
when 
power 
is provided 
through 
a high 
source impedance 
such as the long 
twisted 
pair used in telecommunications. 
It effectively 
removes 
the load from 
the output 
of the switching 
power supply upon initial start-up. The Soft-Start Buffer 
is configured 
as a unity gain follower 
with 
the non- 
inverting 
input connected to Pin 12. An internal 1.0 !LA 


• 
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current 
source charges the soft-start 
capacitor (CSoft- 
Start) to an internally 
clamped level of 1.95 V. The rate 
of change of peak inductor 
current, during start-up, is 
programmed 
by the capacitor value selected. Either the 
Fault Timer or the Undervoltage 
Lockout can discharge 
the soft-start 
capacitor. 


FAULTT1MER 
This unique circuit prevents sustained operation in a 
lockout 
condition. 
This can occur with 
conventional 
switching 
control 
IC's when 
operating 
from 
a power 
source with 
a high series impedance. 
If the power re- 
quired 
by the load is greater than that available from 
the source, the input voltage will collapse, causing the 
lockout condition. 
The Fault Timer provides automatic 
recovery when this condition 
is detected. Under normal 
operating 
conditions, 
the output of the PWM Compar- 
ator will reset the Latch and discharge the internal Fault 
Timer capacitor 
on a cycle-by-cycle 
basis. Under op- 
erating conditions 
where the required 
power into the 
load is greater than that available from the source (Vin). 
the Ramp Input voltage (plus offset) will not reach the 
comparator 
threshold 
level (Pin 11), and the output of 
the PWM Comparator 
will remain low. If this condition 
persists for more than 600 p.s, the Fault Timer will ac- 
tivate, discharging 
CSoft-Start and initiating 
a soft-start 
cycle. The power supply will operate in a skip cycle or 
hiccup 
mode 
until 
either 
the load 
power 
or source 
impedance 
is reduced. The minimum 
fault timeout 
is 
200 p.s, which limits the useful switching 
frequency to 
a minimum 
of 5.0 kHz. 


START/RUN 
COMPARATOR 
A bootstrap 
start-up 
circuit 
is included 
to improve 
system 
efficiency 
when 
operating 
from 
a high 
input 
voltage. The output of the Start/Run Comparator 
con- 
trols the state of an external transistor. A typical appli- 
cation is shown in Figure 21. While CSoft-Start is charg- 
ing, start-up bias is supplied to VCC (Pin 14) from Vin 
through 
transistor 
02. When CSoft-Start 
reaches the 
1.95 V clamp level, the Start-Run output switches low 
(VCC - 
50 mV). turning 
off 02. Operating 
bias is now 
derived 
from 
the auxiliary 
bootstrap 
winding 
of the 
transformer, 
and all drive power is efficiently converted 
down from Vin' The start time must be long enough for 
the power supply output to reach regulation. 
This will 
ensure that there is sufficient 
bias voltage at the aux- 
iliary bootstrap 
winding 
for sustained operation. 


1.95 V CSoft-Start 
. 
tStart - 
1.0 p.A 
- 
1.95 CSoft-Start 
In p.F 


The output off-state is clamped to VCC + 7.6 V by the 
internal zener and PNP transistor base-emitter junction. 


DRIVE OUTPUT 
AND DRIVE GROUND 
The MC34129 contains 
a single totem-pole 
output 
stage that was specifically 
designed for direct drive of 
power 
MOSFETs. It is capable of up to 
± 1.0 A peak 
drive current and has a typical fall time of 30 ns with a 
500 pF load. The totem-pole 
stage consists of an NPN 
transistor 
for turn-on 
drive and a high speed SCR for 
turn-off. 
The SCR design requires less average supply 
current (ICC)when compared to conventional 
switching 
control 
IC's that use an all NPN totem-pole. 
The SCR 
accomplishes 
this during 
turn-off 
of the MOSFET, by 
utilizing 
the 
gate 
charge 
as regenerative 
on-bias, 
whereas the conventional 
all transistor design requires 
continuous 
base current. Conversion efficiency 
in low 
power 
applications 
is greatly 
enhanced with 
this re- 
duction of ICC. The SCR's low-state holding current (IH) 
is typically 225p.A. An internal 225 kfl pull-down resistor 
is included to shunt the Drive Output off-state leakage 
to ground when the Undervoltage 
Lockout is active. A 
separate Drive Ground is provided to reduce the effects 
of switching 
transient 
noise imposed on the Ramp In- 


put. This feature becomes particularly 
useful when the 
Ipk(max) clamp level is reduced. Figure 24 shows the 
proper implementation 
of the MC34129 with a current 
sensing power MOSFET. 


UNDERVOLTAGELOCKOUT 
The Undervoltage 
Lockout 
comparator 
holds 
the 
Drive Output and CSoft-Start pins in the low state when 
VCC is less than 3.6 V. This ensures that the MC34129 
is fully 
functional 
before the output 
stage is enabled 
and a soft-start cycle begins. A built-in hysteresis of 350 
mV prevents erratic output behavior as VCCcrosses the 
comparator 
threshold 
voltage. A 14.3 V zener is con- 
nected as a shunt regulator 
from 
VCC to ground. 
Its 
purpose is to protect the MOSFET gate from excessive 
drive voltage during system start-up. An external 9.1 V 
zener is required when driving low threshold MOSFETs. 
Refer to Figure 21. The minimum 
operating 
voltage 
range of the IC is 4.2 V to 12 V. 


REFERENCES 
The 1.25 V bandgap reference is trimmed 
to ± 2.0% 


tolerance 
at TA = 25°C. It is intended 
to be used in 
conjunction 
with the Error Amp. The 2.50 V reference 
is derived from the 1.25 V reference by an internal op 
amp with a fixed gain of 2.0. It has an output tolerance 
of 
± 5.0% at TA = 25°C and its primary 
purpose is to 
supply 
charging 
current 
to the 
oscillator 
timing 
capacitor. 
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Test 
Conditions 
Results 


line 
Regulation 
5 V 
Vin = 20 V to 40 V, lout 5 V = 125 mA, lout --5 V = 20 mA 
d 
= 1.0 mV 


load 
Regulation 
5 V 
Vin = 30 V, lout 5 V = 0 mA to 150 mAt lout - 5 V = 20 mA 
d = 2.0 mV 


Output 
Ripple 5 V 
Vin "'" 30 V,lout 
5 V = 125 mA,lout 
-5 
V = 20 mA 
150 mVp-p 


Efficiency 
Vin = 30 V.lout 
5 V = 125 mAt lout 
-5 
V = 20 mA 
77% 


Vout = 1.25 (~ 
+ 1) 
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T1 
Primary" 
35T 132 AWG 
Feedback 
= 12T #32 AWG 
Secondary 
• 5 V 
7T #32 AWG 


Gap 
0004"lor lp 01180,.H 
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- 
FerrOllcube 
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Conditions 


Vin 
20 V to 40 V. lout 
5 V 
= 380 mA. 
lout 
5 V = 20 mA 


Vin 
= 
30 V. lout 
5 V = 
100 mA 
to 380 
mA. 
lout 
- 5 V 
., 
20 mA 


Vin 
= 
30 V, lout 
5 V = 
380 
mA, 
lout 
- 5 V = 20 mA 


Vin 
30 V. lout 
5 V 
= 
380 
mA, 
lout 
- 5 V = 20 mA 


Results 


j, 
= 1 mV 


.i 
c 
15 mV 


150 mVp-p 


73% 
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Results 


Line Regulation 
Vi" 
:::: 8 V to 12 V, lout 
600 
mA 
J1 = 1 mV 


Load Regulation 
Vin = 12 V, lout 
= 100 mA to 600 mA 
.6. = 8 mV 


Output Ripple 
Vin = 12 V, lout 
= 600 mA 
20 mVp-p 


Efficiency 
Vin = 12 V, lout 
= 600 mA 
81% 


@ MOTOROLA 


MICROPROCESSOR VOLTAGE REGULATOR 
AND SUPERVISORY CIRCUIT 


The MC34160 Series is a voltage regulator and supervisory 
cir- 


cuit 
containing 
many 
of the 
necessary 
monitoring 
functions 
required 
in microprocessor 
based systems. 
It is specifically 


designed for appliance 
and industrial 
applications, 
offering 
the 
designer a cost effective solution 
with minimal 
external compo- 
nents. These integrated circuits feature a 5.0 Vt100 mA regulator 
with short circuit current limiting, 
pinned out 2.6 V bandgap ref- 
erence, low voltage reset comparator, power warning comparator 
with programmable 
hysteresis, and an uncommitted 
comparator 
ideally suited for microprocessor 
line synchronization. 


Additional 
features include a chip disable input for low standby 
current, 
and internal 
thermal 
shutdown 
for 
over temperature 


protection. 


These devices are contained 
in a 16 pin dual-in-line 
heat tab 
plastic package for improved 
thermal conduction. 


• 
5.0 Volt Regulator Output Current in Excess of 100 mA 


• 
Internal Short Circuit Current Limiting 


• 
Pinned Out 2.6 V Reference 


• 
Low Voltage Reset Comparator 


• 
Power Warning 
Comparator 
with Programmable 
Hysteresis 


• 
Uncommitted 
Comparator 


• 
Low Standby Current 


• 
Internal Thermal Shutdown 
Protection 


• 
Heat Tab Power Package 
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MICROPROCESSOR 
VOLTAGE 
REGULATORI 


SUPERVISORY 
CIRCUIT 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648C-02 


Comparator 


Inverting 
Input 


Comparator 
Nonlnverting 
Input 


Hysteresis 
Adjust 


9 
Power 
Sense 


Temperature 
Device 
Range 
Package 


MC34160P 
O°C to 
+70°C 
Plastic 
DIP 


MC33160P 
- 40°C to 
+ 85°C 
Plastic 
DIP 
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Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
40 
V 


Chip 
Disable 
Input 
Voltage 
(Pin 
15, Note 
1) 
VCD 
-0.3 
to VCC 
V 


Comparator 
Input 
Current 
(Pin 
1, 2, 9) 
lin 
-2.0 
to 
+2.0 
mA 


Comparator 
Output 
Voltage 
(pin 
6, 7, 8) 
Vo 
40 
V 


Comparator 
Output 
Sink 
Current 
(Pin 6, 7, 8) 
ISink 
10 
mA 


Power 
Dissipation 
and 
Thermal 
Characteristics 


Maximum 
Power 
Dissipation 
@. T A 
~ 
70°C 
PD 
1000 
mW 
Thermal 
Resistance 
Junction 
to Air 
ROJA 
80 
°CIW 


Thermal 
Resistance 
Junction 
to Case (Pin 4, 5, 12, 13) 
ROJC 
15 
°CIW 


Operating 
Junction 
Temperature 
TJ 
+150 
°C 


Operating 
Ambient 
Temperature 
TA 
°C 
MC34160 
o to 
+ 70 


MC33160 
-40 
to 
+85 


Storage 
Temperature 
Range 
Tsto 
-65to 
+150 
°C 


ELECTRICAL 
CHARACTERISTICS 
(VCC 
~ 
30 V, 10 = 10 mA, 
Irel 
~ 
100 !LA) For typical 
values 
TA = 25°C, lor 
minimax 
values 


TA is the operating 
ambient 
temperature 
range that 
applies 
[Notes 
2 and 3] unless 
otherwise 
noted. 


Characteristic 
I 
Symbol 
I 
Min 
I 
Typ 
Max 
Unit 


Total 
Dutput 
Variation 
(VCC 
~ 
7.0 V to 40 V, 
Vo 
4.75 
5.0 
5.25 
V 


10 ~ 
1.0 mA 
to 
100 mA, 
TA 
~ Tlow 
to Thiah) 


Line 
Regulation 
(VCC 
~ 
7.0 V to 40 V, TA 
~ 
25°C) 
Regline 
- 
5.0 
40 
mV 


Load 
Regulation 
110 ~ 
1.0 mA 
to 100 mA, 
TA = 25°C) 
Regload 
- 
20 
50 
mV 


Ripple 
Rejection 
RR 
50 
65 
- 
dB 
(VCC 
~ 
25 V to 35 V, 10 ~ 
40 mA, 
I ~ 
120 Hz, TA 
~ 
25°C) 


Total 
Output 
Variation 
(VCC 
~ 
7.0 V to 40 V, 
Vrel 
2.47 
2.6 
2.73 
V 


10 = 0.1 mA to 2.0 mA, 
TA = Tlaw 
to Thioh) 


Line 
Regulation 
(VCC = 5.0 V to 40 V, TA 
~ 
25°C) 
Regline 
- 
2.0 
20 
mV 


Load 
Regulation 
110 = 0.1 mA 
to 2.0 mA, 
TA 
~ 
25°C) 
Regload 
- 
4.0 
30 
mV 


Threshold 
Voltage 
V 
High 
State 
Output 
(Pin 
11 Increasing) 
VIH 
- 
(VO-0.11) 
(VO-0.05) 
Low 
State 
Output 
(Pin 
11 Decreasin~) 
VIL 
4.55 
(VO-0.18) 
- 


Hysteresis 
VH 
0.02 
0.07 
- 


Output 
Sink 
Saturation 
(VCC = 4.5 V, ISink = 2.0 mAl 
VOL 
- 
- 
0.4 
V 


Output 
Off-State 
Leakage 
(VOH = 40 V) 
10H 
- 
- 
4.0 
!LA 


Notes: 


1. The maximum voltage range is -0.3 V to VCC or +35 V, whichever is less. 
2. Tlow =- DOCfor MC34160 
Thigh = + 70°Cfor MC34160 


: 
-40°C lor MC33160 
= + 85°C lor MC33160 
3. Low duty cycle pulse testing techniques are used during test to maintain junction temperature as close to ambient as possible. 


ELECTRICAL 
CHARACTERISTICS 
- 
Continued 
(VCC = 30 V, 10 = 10 mA, 
Iref 
= 100 pAl 
For typical 
values 
TA 
~ 
25"C, for 


minImax 
values 
TA is the operating 
ambient 
temperature 
range 
that applies 
(Notes 
2 and 3] unless 
otherwise 
noted. 


Characteristic 
I 
Symbol 
I 
Min 
I 
Typ 
I 
Max 
Unit 


POWER WARNING 
COMPARATOR 


Input 
Offset 
Voltage 
VIO 
- 
1.2 
10 
mV 


Input 
Bias Current 
(VPin 
9 ~ 
3.0 V) 
liB 
- 
- 
0.5 
!J.A 


Input 
Hysteresis 
Current 
(VPin 
9 ~ Vref 
- 
100 mY) 
IH 
RPin 10 ~ 
24 k 
40 
50 
60 


RPin 10 ~ 
00 
4.5 
7.5 
11 
!J.A 


Output 
Sink 
Saturation 
(ISink 
= 2.0 mAl 
VOL 
- 
0.13 
0.4 
V 


Output 
Off-State 
Leakage 
(VOH 
~ 40 V) 
10H 
- 
- 
4.0 
!J.A 


Input 
Offset 
Voltage 
(Output 
Transition 
Low 
to High) 
VIO 
- 
- 
20 
mV 


Input 
Hysteresis 
Voltage 
(Output 
Transition 
High 
to Lowl 
IH 
140 
200 
260 
mV 


Input 
Bias Current 
(VPin 
1, 2 ~ 
2.6 VI 
liB 
- 
- 
-1.0 
!J.A 


Input 
Common-Mode 
Voltage 
Range 
VICR 
0.6 to 5.0 
- 
- 
V 


Output 
Sink 
Saturation 
(ISink 
= 2.0 mAl 
VOL 
- 
0.13 
0.4 
V 


Output 
Off-State 
Leakage 
(VOH = 40 VI 
10H 
- 
- 
4.0 
!J.A 


Chip 
Disable 
Threshold 
Voltage 
(Pin 
151 
V 
High 
State 
(Chip 
Disabled) 
VIH 
2.5 
- 
- 


Low 
State 
(Chip 
Enabled) 
VIL 
- 
- 
0.8 


Chip 
Disable 
Input 
Current 
(Pin 
151 
!J.A 


High 
State 
(Vin 
~ 
2.5 VI 
IIH 
- 
- 
100 
Low 
State 
(Vin 
~ 
0.8 V) 
IlL 
- 
- 
30 


Chip 
Disable 
Input 
Resistance 
(pin 
151 
Rin 
50 
100 
- 
kil 


Operating 
Voltage 
Range 
VCC 
V 
Vo 
(Pin 
11) Regulated 
7.0 to 40 
- 
- 


Vref 
(Pin 
161 Regulated 
5.0 to 40 
- 
- 


Power 
Supply 
Current 
ICC 
mA 
Standby 
(Chip 
Disable 
High 
Statel 
- 
0.18 
0.35 
Operating 
(Chip 
Disable 
Low 
State) 
- 
1.5 
3.0 
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Function 


Comparator 
Inverting 
Input 


6 
Comparator Output 


7 
Reset 


8 
Power 
Warning 


9 
Power 
Sense 


10 
Hysteresis 
Adjust 


11 
flegulator Output 


14 
VCC 


15 
Chip Disable 


16 
Vref 


OPERATING DESCRIPTION 
The MC34160 Series is a monolithic 
voltage regulator 
and supervisory 
circuit containing 
many of the neces- 


sary monitoring 
functions 
required 
in microprocessor 


based systems. It is specifically 
designed for appliance 


and industrial 
applications, 
offering the designer a cost 


effective 
solution 
with 
minimal 
external 
components. 


These devices are specified for operation over an input 
voltage of 7.0 V to 40 V, and with a junction temperature 
of -40'C 
to + 150'C. 
A typical 
microprocessor 
appli- 


cation is shown in Figure 9. 


Description 


This is the Uncommitted 
Comparator 
inverting 
input. 
It is typically 
connected 
to a resistor 
divider 
to monitor 
a voltage. 


This is the Uncommitted 
Comparator 
noninverting 
input. 
It is typically 


connected 
to a reference 
voltage. 


These 
pins are the control 
circuit 
grounds 
and are connected 
to the 
source 
and load ground 
returns. 
They 
are part of the IC lead frame 


and can be used for heatsinking. 


This is the Power 
Warning 
Comparator 
noninverting 
input. 
It is 


typically 
connected 
to a resistor 
divider 
to monitor 
the input 
power 


source 
voltage. 


Regulator 
The 5.0 V regulator 
is designed to source in excess 
of 100 mA output current and is short circuit protected. 
The output 
has a guaranteed tolerance 
of ± 5.0% over 


line, load, and temperature. 
Internal thermal shutdown 
circuitry 
is included to limit the maximum 
junction tem- 


perature 
to a safe level. When activated, 
typically 
at 
170'C, the regulator 
output turns off. 
In specific situations 
a combination 
of input and out- 
put bypass capacitors 
may be required 
for regulator 


II 


• 


- - Ttor ·(Ci~r of-0~33 -!LFo~greater 
is suggested. 
Output 
capacitance values of less than 5.0 nF may cause reg- 
ulator instability 
at light load ("'1.0 mAl and cold tem- 
perature. An output bypass capacitor of 0.1 !LFor greater 
is recommended 
to ensure stability 
under all load con- 
ditions. The capacitors selected must provide good high 
frequency 
characteristics. 


Good construction 
techniques should be used to min- 
imize ground loops and lead resistance drops since the 
regulator 
does not have external sense inputs. 


Reference 
The 2.6 V bandgap reference is short circuit protected 
and has a guaranteed 
output tolerance 
of ± 5.0% over 
line, load, and temperature. 
It is intended to be used in 
conjunction 
with the Power Warning and Uncommitted 
Comparator. 
The reference can source in excess of 2.0 
mA and sink a maximum 
of 10!LA. For additional current 
sinking 
capability, 
an external 
load resistor to ground 
must be used. 


Reference biasing 
is internally 
derived 
from 
either 
VCC or Va, allowing 
proper operation 
if either drops 
below nominal. 


Chip Disable 
This input 
is used to switch 
the IC into a standby 
mode. When activated, 
internal 
biasing for the entire 
die is removed 
causing 
all outputs 
to turn 
off. This 
reduces the power supply current (Icd 
to less than 0.3 
mA. 


Comparators 
Three separate comparators 
are incorporated for volt- 


age monitoring. 
Their outputs 
can provide 
diagnostic 
information 
to the microprocessor, 
preventing 
system 
malfunctions. 
The Reset comparator 
inverting 
input 
is internally 
connected to the 2.6 V reference while the noninverting 
input monitors Va. The Reset output is active low when 
Va falls approximately 
180 mV below its regulated volt- 


age. To prevent 
erratic 
operation 
when 
crossing 
the 
comparator 
threshold, 
70 mV of hysteresis is provided. 


The Power Warning 
comparator 
is typically 
used to 
detect an impending 
loss of system power. The invert- 


ing input is internally 
connected to the reference, fixing 
the threshold 
at 2.6 V. The input power source Vin is 
monitored 
by the noninverting 
input through the R11R2 
divider 
(Figure 9). This input features an adjustable 
10 


!LA to 50 !LA current sink IH that is programmed 
by the 
value selected for resistor RH. A default current of 6.5 


!LA is provided 
if RH is omitted. 
When the comparator 
input falls below 2.6 V, the current sink is activated. This 


Vth(lower) 
= Vref (1 + :~) 
- 
liB R1 


Vth(upper) 
= Vref (1 + :~) 
+ IH R1 


The nominal 
hysteresis 
current 
IH equals 
1.2 V/RH 
(Figure 4). 


The Uncommitted 
Comparator 
can be used to syn- 
chronize the microprocessor 
with the ac line signal for 
timing 
functions, 
or for synchronous 
load switching. 
It 
can also be connected as a line loss detector as shown 
in Figure 10. The comparator 
contains 200 mV of hys- 
teresis preventing 
erractic output behavior when cross- 
ing the input threshold. 
The Power Warning 
and Uncommitted 
comparators 
each have a transistor 
base-emitter 
connected 
across 
their inputs. The base input normally connects to a volt- 
age reference while the emitter 
input connects to the 
voltage to be monitored. 
The transistor 
limits the neg- 
ative excursion 
on the emitter 
input to - 0.7 V below 
the base input 
by supplying 
current 
from 
VCC' This 
clamp current will prevent forward 
biasing the IC sub- 


strate. Zener diodes are connected 
to the comparator 
inputs to enhance the IC's electrostatic 
discharge capa- 
bility. Resistors R1 and Rin must limit the input current 
to a maximum 
of ± 2.0 mA. 


Each comparator 
output consists of an open collector 
NPN transistor 
capable of sinking 2.0 mA with a satu- 


ration voltage less than 0.4 V, and standing off 40 V with 
minimal 
leakage. Internal bias for the Reset and Power 
Warning comparators 
is derived from either VCC or the 
regulator 
output to ensure functionality 
when either is 
below nominal. 


Heat Tab Package 
The MC34160 is contained 
in a 16 lead plastic dual- 
in-line package in which the die is mounted on a special 
Heat Tab copper alloy lead fri'me. 
This tab consists of 
the 
four 
center 
ground 
pins 
that 
are specifically 
designed to improve 
thermal 
conduction 
from the die 
to the surrounding 
air. The pictorial 
in Figure 8 shows 
a simple 
but effective 
method 
of utilizing 
the printed 
circuit board medium as a heat dissipator 
by soldering 
these tabs to an adequate area of copper foil. This per- 
mits the use of standard 
board layout 
and mounting 
practices while 
having the ability 
to more than halve 
the junction to air thermal resistance. The example and 
graph are for a symmetrical 
layout on a single sided 
board with one ounce per square foot copper. 
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PULSE WIDTH MODULATOR 
CONTROL CIRCUITS 


The SG1525A11527A series of pulse width 
modulator 
control- 
circuits 
offer 
improved 
performance 
and lower 
external 
parts 
count 
when 
implemented 
for controlling 
all types of switching 
power 
supplies. 
The on-chip 
+5.1 
volt 
reference 
is trimmed 
to 
± 1% and the error amplifier 
has an input common-mode 
voltage 
range that 
includes 
the reference 
voltage, 
thus eliminating 
the 
need for external 
divider 
resistors. 
A sync input to the oscillator 
enables 
multiple 
units to be slaved 
or a single 
unit to be syn- 
chronized 
to an external system clock. A wide range of dead time 
can be programmed 
by a single resistor connected 
between the 
CT and Discharge 
pins. These devices also feature 
built-in 
soft- 
start circuitry, 
requiring 
only an external timing 
capacitor. A shut- 
down 
pin controls 
both 
the soft-start 
circuitry 
and the output 
stages, providing 
instantaneous 
turn off through 
the PWM latch 
with 
pulsed 
shutdown, 
as well 
as soft-start 
recycle with 
longer 
shutdown 
commands. 
The under voltage lockout inhibits the out- 
puts and the changing 
of the soft-start 
capacitor 
when 
VCC is 
below nominal. 
The output stages are totem-pole 
design capable 
of sinking 
and sourcing 
in excess of 200 mA. The output stage of 
the SG1525A series features 
NOR Logic resulting 
in a low output 
for an off state while the SG1527A series utilizes OR Logic which 
gives a high output when off. The devices are available in Military, 
Industrial 
and Commercial 
temperature 
ranges. 


• 
8.0 to 35 Volt Operation 


• 
5.1 Volt 
± 1.0% Trimmed 
Reference 


• 
100 Hz to 400 kHz Oscillator 
Range 


• 
Separate Oscillator 
Sync Pin 


• 
Adjustable 
Dead Time Control 


• 
Input Undervoltage 
Lockout 


• 
Latching 
PWM to Prevent Multiple 
Pulses 


• 
Pulse-by-Pulse 
Shutdown 


• 
Dual Source/Sink 
Outputs: 
± 400 mA Peak 
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Temperature 
Device 
Range 
Package 


SG1525AJ 
-55 
to 
+ 125·C 
Ceramic 
DIP 
SG1527AJ 
-55to 
+ 125·C 
Ceramic 
DIP 


SG2525AJ 
-25 
to 
+85·C 
Ceramic 
DIP 
SG2525AN 
-25 
to 
+85·C 
Plastic 
DIP 
SG2527AJ 
-25to 
+85·C 
Ceramic 
DIP 
SG2527AN 
-25to 
+85·C 
Plastic 
DIP 


SG3525AJ 
o to 
+70·C 
Ceramic 
DIP 
SG3525AN 
o to 
+ 70·C 
Plastic 
DIP 
SG3527AJ 
o to 
+70·C 
Ceramic 
DIP 
SG3527AN 
o to 
+70·C 
Plastic 
DIP 
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R8ting 
Symbol 
Valua 
Unit 


Supply 
Voltage 
VCC 
+40 
Vdc 


Collector 
Supply Voltage 
Vc 
+40 
Vdc 


Logic Inputs 
- 
-0.3 
to +5.5 
V 


Analog 
Inputs 
- 
-0.3 
to VCC 
V 


Output 
Current, 
Source or Sink 
10 
±500 
mA 


Reference 
Output 
Current 
Iref 
50 
mA 


Oscillator 
Charging 
Current 
- 
5.0 
mA 


Power 
Dissipation 
(Plastic 
& Ceramic 
Package) 
Po 
mW 


TA = 
+ 25°e 
(Note 
2) 
1000 
Te 
~ 
+ 25°C (Note 
3) 
2000 


Thermal 
Resistance 
Junction 
to Air 
ReJA 
100 
°C/W 
Plastic and Ceramic 
Package 


Thermal 
Resistance 
Junction 
to Case 
ReJC 
60 
°C/W 
Plastic and Ceramic 
Package 


Operating 
Junction 
Temperature 
TJ 
+150 
°c 


Storage Temperature 
Range 
Ceramic 
Package 
Tstg 
-65 
to +150 
°c 


Plastic Package 
-55 
to +125 


Lead Temperature 
(Soldering, 
10 Seconds) 
TSolder 
+300 
°C 


NOTES 


1 
Values 
beyond 
whIch 
damage 
may occur 


2 
Derate 
at 10 mW 
,oC for ambient 
temperatures 
above 
+50°C 


3 
Oerate 
at 16 mW 
°C for case 
temperatures 
above 
+25°C 


Characteristic 
Symbol 
Min. 
Max. 
Unit 


Supply Voltage 
VCC 
+8.0 
+35 
Vdc 


Collector 
Supply Voltage 
Vc 
+4.5 
+35 
Vdc 


Output 
Sink/Source 
Current 
10 
mA 


(Steady 
State) 
0 
±100 
(Peak) 
0 
±400 


Reference 
Load Current 
Iref 
0 
20 
mA 


Oscillator 
Frequency 
Range 
fosc 
0.1 
400 
kHz 


Oscillator 
Timing 
ResIstor 
RT 
2.0 
150 
kn 


Oscillator 
Timing 
Capacitor 
CT 
0.001 
0.2 
~F 


Deadtime 
Resistor Range 
RO 
0 
500 
n 


Operating 
Ambient 
Temperature 
Range 
TA 
°c 
SG1525A, 
SG1527A 
-55 
+125 
SG2525A, 
SG2527 A 
-25 
+85 
SG3525A, 
SG3527 A 
0 
+70 


SG1525A/2525A 
SG3525A 
SG1527A/2527A 
SG3527A 


Characteristic 
Symbol 
Min I 
Typ 
Max I 
Min 
Typ 
Max 
Unit 


REFERENCE 
SECTION 


Reference 
Output 
Voltage 
(TJ = +25°CI 
Vref 
5.05 
5.10 
5.15 
5.00 
510 
520 
Vdc 


Line Regulation 
1+8.0 V,;; VCC'" 
+35 VI 
Regline 
- 
10 
20 
- 
10 
20 
mV 


Load Regulation 
(0 mA';; 
IL';; 
20 mAl 
Regload 
- 
20 
50 
- 
20 
50 
mV 


Temperature 
Stability 
.lVre,/.lT 
- 
20 
- 
- 
20 
- 
mV 


Total Output 
Variation 
.lVre, 
5.00 
- 
520 
4.95 
- 
5.25 
Vdc 


Includes 
Line and Load Regulation 
over Temperature 


Short Circuit Current 
ISC 
- 
80 
100 
- 
80 
100 
mA 


IVre' = 0 V, TJ = +25°CI 


Output 
Noise Voltage 
Vn 
- 
40 
200 
- 
40 
200 
,uVrms 


(10 Hz';; f';; 10 kHz, TJ = +25°C) 


Long Term Stability 
(TJ = +125°C) 
(Note 51 
S 
- 
20 
50 
- 
20 
50 
mV 
khr 


Initial Accuracy(TJ 
= +25°C) 
- 
- 
±20 
:':60 
- 
:':20 
±60 
" 


Frequency 
Stability 
with Voltage 
.1fosc 
- 
:,:03 
:,:10 
- 
=10 
-20 
0, 


(+8.0 V,;; VCC ,;; +35 V) 
.WCC 


Frequency Stability with Temperature 
.1fosc 
- 
:!:30 
- 
- 
-30 
- 
" 
~ 


Minimum 
Frequency 
IRT = 150 kil, 
CT = 0.2 I'F) 
fmm 
- 
50 
- 
- 
50 
- 
Hz 
- 


Maximum 
Frequency (RT = 2.0 kU, CT = 1.0 nFI 
fmal( 
400 
- 
- 
400 
- 
- 
kHz 


Current 
Mirror 
(IRT = 2.0 mAl 
- 
1 7 
20 
2 2 
1 7 
20 
22 
mA 
-- 


Clock Amplitude 
- 
30 
35 
- 
30 
35 
- 
V 


Clock Width 
(TJ = +25'C) 
- 
03 
05 
10 
03 
05 
10 
"5 
---- 


Sync Threshold 
- 
1 2 
20 
28 
1 2 
20 
28 
V-- 


Sync Input Current (Sync Voltage = +3.5 Vj 
- 
- 
10 
25 
- 
10 
25 
mA 
-- 


Input Offset Voltage 
05 
50 
20 
10 
'- 


Via 
- 
- 
mV 


Input .Bias Current 
lIB 
- 
10 
10 
- 
10 
10 
"A 


Input Offset Current 
110 
- 
- 
10 
- 
- 
10 
"A 
- 
- 


OC Open Loop Gaon (RL;;' 
10 M{J) 
AVOL 
60 
75 
- 
60 
75 
- 
dB 


Low Level Output Voltage 
VOL 
- 
02 
05 
- 
02 
05 
V 


High Level Output Voltage 
VOH 
38 
56 
- 
38 
56 
- 
V 


Common 
Mode Rejection 
Ratio 
CMRR 
60 
75 
- 
60. 
75 
- 
d8 
1+1.5 V,;; VCM ,;; +5.2 V) 


Power Supply ReJ.ectlon RatiO 
PSRR 
50 
60 
- 
50 
60 
- 
dB 
1+8.0 V,;; 
VCC ~ +35 V) 


Minimum 
Duty Cycle 
DCm1n 
- 
- 
0 
- 
- 
0 
'. 
Maximum 
Duty Cycle 
DCmax 
45 
49 
_. 
45 
49 
- 
% 


Input Threshold, 
Zero Duty Cycle (Note 6) 
VTH 
0.6 
09 
- 
0.6 
09 
- 
V 


Input Threshold, 
MaXImum Duty Cycle (Note 6) 
VTH 
- 
3.3 
3.6 
- 
33 
36 
V 


Input Bias Current 
118 
- 
0.05 
1.0 
--' 
005 
10 
"A 


II 


• 


Soft-Start 
Current (Vshutdown 
= 0 V) 
- 
25 
50 
80 
25 
50 
80 
~A 


Soft·Start 
Voltage (Vshutdown 
= 2.0 VI 
- 
- 
0.4 
0.6 
- 
0.4 
0.6 
V 


Shutdown 
Input Current (Vshutdown 
= 2.5 VI 
- 
- 
0.4 
1.0 
- 
0.4 
1.0 
mA 


Output 
Low Level 
VOL 
V 


(Is,nk = 20 mAl 
- 
0.2 
0.4 
- 
0.2 
0.4 


(Is,nk = 100 mAl 
- 
1.0 
2.0 
- 
1.0 
20 


Output High Level 
VOH 
V 


(Isource = 20 mAl 
18 
19 
- 
18 
19 
- 


(Isource = 100 mAl 
17 
18 
- 
17 
18 
- 


Under Voltage Lockout (Va and V9 = High) 
VUL 
6.0 
7.0 
8.0 
6.0 
7.0 
8.0 
V 


Collector 
Leakage, Vc = +35 V (Note 7) 
1C(leakl 
- 
- 
200 
- 
- 
200 
~A 


RIse Time (Cl = 1.0 nF, TJ = 25°Cl 
Ir 
- 
100 
600 
- 
100 
600 
ns 


Fall TIme (CL = 1.0 nF. TJ = 25°CI 
If 
- 
50 
300 
- 
50 
300 
ns 


Shutdown 
Delay 
Ids 
- 
02 
0.5 
- 
0.2 
as 
~s 


(VSD = +3.0 V. Cs = O. TJ = +25°C) 


Supply 
Current. 
(VCC ~ 
+35 
V) 
ICC 
- 
14 
20 
- 
14 
20 
mA 


NOTES: 


4. Tlow = 
- 55°C for SG1525AilS27A 
- 25°C for SG2525A<2527A 
DOCfor SG3525A<3527A 


Thigh 
= 
: ~;:~Cf~~rS~~~~;~~~~~A 


+ 70°C 
for 
SG3525A13527 
A 


5. Since long term stability cannot be measured on each device before shipment. this specification is an engineering estimate of average stability 


from 
lot to lot. 


6. Tested at fose 
= 40 kHz (RT = 3.6 kfi, CT = 0.01 J.l.F,RD = 00). 


7. Applies to SG1S2SN2525N3525A only, due to polarity of output pulses. 


SHUTDOWN OPTIONS 
(See Block Diagram. front 
pagel 
functions: 
the PWM latch is immediately 
set providing 
the fastest turn-off 
signal to the outputs; 
and a 150 p.A 
current sink begins to discharge the external soft-start 
capacitor. If the shutdown 
command 
is short. the PWM 
signal is terminated 
without 
significant 
discharge of the 
soft-start 
capacitor, thus. allowing, 
for example. a con- 


venient 
implementation 
of pulse-by-pulse 
current 
lim- 


iting. 
Holding 
Pin 10 high for a longer duration, 
how- 
ever, will 
ultimately 
discharge 
this external 
capacitor. 


recycling slow turn-on 
upon release. 


Since both the compensation 
and soft-start terminals 


(Pins 9 and 8) have current source pull-ups. either can 
readily accept a pull-down 
signal which only has to sink 
a maximum 
of 100 p.A to turn off the outputs. 
This is 
subject to the added requirement 
of discharging 
what- 
ever external capacitance may be attached to these pins. 


An alternate 
approach 
is the use of the shutdown 
circuitry 
of Pin 10 which has been improved to enhance 
the available 
shutdown 
options. 
Activating 
this circuit 
by applying 
a positive 
signal on Pin 10 performs 
two 
Pin 10 should not be left floating as noise pickup could 
conceivably 
interrupt 
normal operation. 
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For single-ended 
supplies. the driver outputs are grounded. 


The Vc terminal 
IS switched 
to ground by the totem-pole 
source tranSIstors on alternate oscillator cycles. 


In conventional 
push-pull 
bipolar 
designs. forward 
base 
drive is controlled 
by Rl-R3. 
Rapid turn-off 
times for the 
power devices are achieved with speed-up capacitors 
Cl 


and C2. 


FIGURE 11 - 
DRIVING 
TRANSFORMERS 
IN A 
HALF-BRIDGE 
CONFIGURATION 


The low source impedance of the output drivers provides 
rapid charging of power FET input capacitance while mini- 
mizing external components. 


Low power transformers 
can be driven directly 
by the SG 1525A. 


Automatic 
reset occurs during deadtime. when both ends of the 


primary winding 
are switched 
to ground. 


, 
: 
VIO 
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® MOTOROL.A 


PULSE WIDTH MODULATION CONTROL CIRCUIT 


The SG1526 is a high performance pulse width modulator inte- 
grated circuit intended forfixed freque ncy switching regulators and 
other power control applications. 


Functions 
included in this IC are a temperature 
compensated 
voltage reference. sawtooth oscillator. error amplifier. pulse width 
modulator. pulse metering and steering logic. and two high current 
totem pole outputs ideally suited for driving the capacita nce of power 
FETsat high speeds. 
Additional protective features include soft start and undervoltage 
lockout, digital current limiting. double pulse inhibit, adjustable dead 
time and a data latch for single pulse metering. All digital control 
ports are TILand B-series CMOS compatible. Active low logic design 
allows easy wired-OR connections 
for maximum 
flexibility. 
The 
versatility 
of this device enables implementation 
in single-ended 
or push-pull switching regulators that are transformerless 
or trans- 
former coupled. The SG1526 is specified over the full military junc- 
tion temperature range of -55°C to+1500C. The SG2526 is specified 
over a junction 
temperature 
range of -40°C to +150°C while the 
SG3526 is specified over a range of DoCto +125°C. 


• 
8.0 to 35 Volt Operation 


• 
5.0 Volt ±1 % Trimmed Reference 


• 
1.0 Hz to 400 kHz Oscillator Range 


• 
Dual Source/Sink 
Current Outputs: ±1oo mA 


• 
Digital Current Limiting 


• 
Programmable Dead Time 


• 
Undervoltage Lockout 


• 
Single Pulse Metering 


• 
Programmable Soft Start 


• 
Wide Current Limit Common Mode Range 


• 
Guaranteed 6 Unit Synchronization 


~ 


AOeadtime 


RT 


CT 


SG1526 
SG2526 
SG3526 


PULSE WIDTH 
MODULATION 
CONTROL 
CIRCUITS 
.- 
;fl.- 
- 
- 
- 
1 ill SUFFIX 
n , 
PLASTICPACKAGE 
181 
CASE707-02 


J SUFFIX 
CERAMICP~CKAGE 


CASE726-04 


PIN CONNECTIONS 


+ Error 
Vrel 


-Error 
VCC 


Compensation 
OutputB 


CSoft·Start 


Reset 
Vc 


-CS 


+CS 
Sync 


Shutdown 


RT 


Top View 


Junction 
Device 
Temperature 
Range 
Package 


SG1526J 
- 55to + 150·C 
CeramicDIP 


SG2526J 
-40 to + 150·C 
CeramicDIP 
SG2526N 
PlasticDIP 


SG3526J 
o to + 125·C 
CeramicDIP 
SG3526N 
PlasticDIP 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
+40 
Vdc 


Collector 
Supply Voltage 
Vc 
+40 
Vdc 


Logic Inputs 
- 
-0.3 to +5.5 
V 


Analog Inputs 
- 
-0.3 
to VCC 
V 


Output 
Current. Source or Sink 
10 
±200 
mA 


Reference Load Current (VCC = 40 V, Note 2) 
Iref 
50 
mA 


Logic Sink Current 
- 
15 
mA 


Power Dissipation (Plastic and Ceramic Package) 
Po 
mW 


(Note 31TA ~ 
+ 25'C 
1000 


(Note 41 TC ~ 
+ 25'C 
3000 


Thermal 
Resistance Junction 
to Air 
ROJA 
100 
°C/W 


(Plastic and Ceramic Package) 


Thermal 
Resistance Junction 
to Case 
ROJC 
42 
°C/W 
(Plastic and Ceramic Package) 


Operating 
Junction 
Temperature 
TJ 
+150 
°c 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Lead Temperature 
(Soldering, 
10 Seconds) 
TSolder 
±300 
°c 


Notes: 
1. Values 
beyond 
which 
damage 
may occur 
2. Maximum 
junction 
temperature 
must 
be observed. 


3. Derate 
at 10 mwrc 
for ambient 
temperatures 
above 
+ 50"C 


4. Derate 
at 24 mWrC 
for case temperatures 
above 
+ 2S"C 


Characteristic 
Symbol 
Min 
Max 
Unit 


Supply Voltage 
VCC 
+8.0 
+35 
Vdc 


Collector Supply Voltage 
Vc 
+4.5 
+35 
Vdc 


Output Sink/Source 
Current (Each Output) 
10 
0 
±1oo 
mA 


Reference Load Current 
Iref 
0 
20 
mA 


Oscillator 
Frequency Range 
'ose 
0.001 
400 
kHz 


Oscillator 
Timing Resistor 
RT 
2.0 
150 
kO 


Oscillator 
Timing Capacitor 
CT 
0.001 
20 
"F 


Available 
Deadtime Range (40 kHz) 
30 
50 
% 


Operating Junction 
Temperature 
Range 
TJ 
°c 


SG1526 
-55 
+150 
SG2526 
-40 
+150 
SG3526 
0 
+125 


II 


II 


Reference 
Output 
Voltage 
ITJ ; +25°C) 
Vref 
4.95 
5.00 
5.05 
4.90 
5.00 
5.10 
V 


Line Regulation 
Re91ine 
- 
10 
20 
- 
10 
30 
mV 
(+8.0 V";; VCC";; +35 V) 


Load Regulation. 
0 mA~ 
IL ~ 20 mA 
Regload 
- 
10 
30 
- 
10 
50 
mV 


Temperature 
Stability 
.'>Vref/<lTJ 
- 
15 
- 
- 
10 
- 
mV 


Total Reference 
Output 
Voltage 
Variation 
<lVref 
4.90 
5.00 
5.10 
4.85 
500 
5.15 
V 
(+8.0 V";; VCC";; +35 V, 0 mA";; 
IL";; 20 mAl 


Short Circuit Current 
ISC 
25 
80 
125 
25 
80 
125 
mA 
(Vref ~ 0 V, Note 21 


Reset Output 
Voltage 
- 
- 
0.2 
0.4 
- 
0.2 
0.4 
V 
IVref; 
+3.8 VI 


Reset Output 
Voltage 
- 
2.4 
4.8 
- 
2.4 
4.8 
- 
V 
IVref; 
+4.8 V) 


Initial Accuracy 
(TJ = +25°C) 
- 
- 
±3.0 
±8.0 
- 
±3.0 
±8.0 
% 


Frequency 
Stability 
over Power Supply Range 
~ 
- 
0.5 
1.0 
- 
0.5 
1.0 
% 


(+8.0 V";; VCC";; +35 V) 
<lVCC 


Frequency 
Stability 
over 
Temperature 
~ 
- 
4.0 
- 
- 
2.0 
- 
% 
(<lTJ; 
Tlow to Thigh)' 
<lTJ 


Minimum 
Frequency 
lmin 
- 
0.5 
- 
- 
0.5 
- 
Hz 
(RT ~ 150 kl1, CT ~ 20 "FI 


Maximum 
Frequency 
fmax 
400 
- 
- 
400 
- 
- 
kHz 
(RT; 
2.0 kO, CT; 
0.001 
"F) 


Sawtooth 
Peak Voltage 
VoscW) 
- 
3.0 
3.5 
- 
3.0 
3.5 
V 
IVCC; 
+35 V) 


Sawtooth 
Valley 
Voltage 
VosclV) 
0.45 
0.8 
- 
0.45 
0.8 
- 
V 
IVcC; 
+8.0 VI 


Input Offset Voltage 
Via 
- 
20 
5.0 
- 
2.0 
10 
mV 
(RS";; 2.0 kO) 


Input Bias Current 
liB 
- 
-350 
-1000 
- 
-350 
-2000 
nA 


Input Offset 
Current 
110 
- 
35 
100 
- 
35 
200 
nA 


DC Open Loop Gain 
AVol 
64 
72 
- 
60 
72 
- 
dB 
IRL;;' 
10 MO) 


High Output 
Voltage 
VOH 
3.6 
4.2 
- 
3.6 
4.2 
- 
V 
(VPin 1-VPin 
2 ~ +150 
mV, Isource 
= 100 JlA) 


Low Output 
Voltage 
VOL 
- 
0.2 
0.4 
- 
0.2 
0.4 
V 
IVPin 2-VPin 
1 ;;. +150 mV, Isink ; 100 "A) 


Common 
Mode 
Rejection 
Ratio 
CMRR 
70 
94 
- 
70 
94 
- 
dB 
(RS";; 2.0 kO) 


Power Supply Rejection 
Ratio 
PSRR 
66 
80 
- 
66 
80 
- 
dB 
(+12 V";; VCC";; +18 V) 


Notes: 


5. Tlow 
"" - 55"C for SG1526 


- 40°C for SG2526 
O"C for SG3526 
Thigh 
= + 150"C for SG1526/2526 


+ 125°C for SG3526 
6. IL = 0 mA unless 
otherwise 
noted. 


7. fose 
;; 40 kHz 
(AT::: 
4.12 
kO 
::!: 1%, 
CT;; 
0.01 ~F ::!:1%,RD::: a Ol 


a. 0 v ~ VCM 
:IE + 5.2 V 


Minimum 
Duty Cycle 
DCmin 
- 
- 
0 
- 
- 
0 
% 


IV compensation 
= +0.4 V) 


Maximum 
Duty Cycle 
DCmax 
45 
49 
- 
45 
49 
- 
% 


IVcompensation 
= +3.6 VI 


Output 
Voltage 
- 
High Logic Level 
VOH 
2.4 
4.0 
- 
2.4 
4.0 
- 
V 


(Isource = 40 ~AI 


Output 
Voltage 
- 
Low Logic Level 
Val 
- 
0.2 
0.4 
- 
0.2 
0.4 
V 


(Isink = 3.6 mAl 


Input Current 
- 
High Logic Level 
IIH 
- 
-125 
-200 
- 
-125 
-200 
~A 
(VIH = +2.4 VI 


Input Current 
- 
Low Logic Level 
III 
- 
-225 
-360 
- 
-225 
-360 
~A 
(Vil = +0.4 VI 


Error Clamp Voltage 
- 
- 
0.1 
0.4 
- 
0.1 
0.4 
V 


(Reset = +0.4 VI 


CSoft-Start 
Charging 
Current 
ICS 
50 
100 
150 
50 
100 
150 
~A 
(Reset = +2.4 VI 


Output 
High Level 
VOH 
V 


Isource = 20 mA 
12.5 
13.5 
- 
12.5 
13.5 
- 


Isource = 100 mA 
12 
13 
- 
12 
13 
- 


Output 
Low Level 
Val 
V 
Isink = 20 mA 
- 
0.2 
0.3 
- 
0.2 
0.3 
Isink = 100 
mA 
- 
1.2 
2.0 
- 
1.2 
2.0 


Collector 
Leakage. 
Vc - +40 V 
IC(leakl 
- 
50 
150 
- 
50 
150 
~A 


Rise Time (Cl = 1000 pF) 
tr 
- 
03 
0.6 
- 
03 
0.6 
~s 


Fall Time (Cl - 1000 pFI 
tf 
- 
0.1 
0.2 
- 
0.1 
0.2 
~s 


Supply Current 
ICC 
- 
18 
30 
- 
18 
30 
mA 


(Shutdown 
= +0.4 V, VCC = +35 V, 


RT = 4.12 kOi 


7. fosc 
= 40 kHz (RT 
= 4.12 
kO: :::1%, 


CT = 0.01 ~F 
:::1%, RD 
= a O:l 


8. a v .."VCM 
.." + 5.2 V 


9.0 
V .." VCM 
" 
+ 12 V 
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Memory 


F/F 


sYnc~ 


5 Q 
A 
Q 
Clock 


PWM 
0 


Q 
PWM 


Metering 
F/F 


The metering FLIP-FLOP IS an asynchronous 
data latch which 
suppresses high frequency 
oscillations 
by allowing 
only one PWM pulse 
per oscillator cycle 


The memory FLIP-FLOP prevents double pul- 
sing in a push-pull 
configuration 
by remem- 


bering which output produced the last pulse 


II 


II 


*May 
be required 
with some 
types 


of tra nSlstors 


Positive 
Output 
Voltage 


(01 
V + VoutRl) 


. 
Rl 
+ R2 


Imax 
= 
RS 


14 


Vc 
13 
A 


SG1526 


16 
B 
Gnd 


Negative 
Output 
Voltage 


The totem pole output drivers of the SG1526 
are ideally suited for driving the input capaci- 
tance of power FETs at high speeds. 


r CSolt-Start 


,. 


Vc 
A 


SG1526 


Gnd 8 


15 


To 
Output 
Filter 


5 _ 
16 
R 
8 


SG1526 


S 
+CS 


" Vc 
A 
13 


A 


SG1526 


8 
Gnd 


15 


In the above circuit. 
current 
limiting 
is accorn· 
plished 
by using the current 
limit comparator 
output to reset the soft-start 
capacitor. 
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® MOTOROLA 


UNIVERSAL 
MICROPROCESSOR 
POWER 
SUPPLY 
CONTROLLER 


The TCA5600 
is a versatile 
power 
supply 
control 
circuit 
for 
microprocessor 
based 
systems 
and 
mainly 
intended 
for 
auto- 


motive 
applications 
and battery 
powered 
instruments. 
To cover 
a wide 
range of applications, 
the device offers high circuit 
flexi- 


bility with 
minimum 
of external 
components. 
Functions 
included 
in this IC are a temperature 
compensated 
voltage 
reference, 
on chip dc/de converter, 
programmable 
and 
remote 
controlled 
voltage 
regulator, 
fixed 
5.0 V supply 
voltage 
regulator 
with external 
PNP power device, undervoltage 
detection 
circuit, power-on 
RESET delay and watchdog 
feature for safe and 
hazard free microprocessor 
operations. 


• 
6.0 to 30 V Operation 
Range 


• 
2.5 V Reference Voltage 
Accessible 
for Other Tasks 


• 
Fixed 5.0 V 
:!: 4% Microprocessor 
Supply 
Regulator 
Including 
Current 
Limitation, 
Overvoltage 
Protection 
and Undervoltage 
Monitor 


• 
Programmable 
6.0 to 30 V Voltage 
Regulator 
Exhibiting 
High 
Peak Current (150 mAl, Current Limiting 
and Thermal Protection 


• 
Two Remote Inputs to Select the Regulator's 
Operation 
Mode: 


OFF, 5.0 V, 5.0 V Standby 
and Programmable 
Output Voltage 


• 
Self Contained 
dc/de Converter 
Fully Controlled 
By the Pro- 
grammable 
Regulator 
to Guarantee 
Safe Operation 
Under All 
Working 
Conditions 


• 
Programmable 
Power-On 
RESET Delay 


• 
Watchdog 
Select Input 


• 
Negative 
Edge Triggered 
Watchdog 
Input 


• 
Low Current 
Consumption 
in the VCC1 Standby 
Mode 


• 
All Digital 
Control 
Ports are TTL- and MOS-Compatible 
APPlICATIONS 
INCLUDE: 


• 
Microprocessor 
Systems 
with 
E2pROMs 


• 
High Voltage 
Crystal and Plasma Displays 


• 
Decentralized 
Power Supplies 
in Computer 
and Telecommuni· 
cation Systems 


Cherecterlatlc 
Symbol 
Mln 
Mu 
Unit 


Power Supplv Voltage 
VCC, 
5.0 
30 
V 
VCC2 
5.5 
30 


Collector Current 
IC 
- 
800 
mA 


Output Voltage 
Vout2 
6.0 
30 
V 


ReferenceSource Current 
Iref 
0 
2.0 
mA 


lb •• document 
cont8inl 
informMion 
on _ new product. 
Specifications 
and information 
herein are 
IUbject to cNnge 
without 
notice. 


UNIVERSAL 
MICROPROCESSOR 
POWER SUPPLY CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


N SUFRX 


PLASTICPACKAGE 
CASE70HJ2 


Vout2 Prog 
7 


Vout2 Output 
8 


Converter 
Output 


ORDERING INFORMATION 


OperatIng Junction 
Tempenlture Range 


- 40" to +'25"<: 


Delav 


lout' Sense 


VCC2 


Gnd 


Current 
Sense 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
(Pin 3, 14) 
VCC1, VCC2 
35 
Vdc 


Base Drive 
Current 
(pin 
15) 
IB 
20 
mA 


Collector 
Current 
(Pin 
10) 
IC 
1.0 
A 


Forward 
Rectifier 
Current 
(Pin 10-Pin 
9) 
IF 
1.0 
A 


Logic 
Inputs 
INH1, 
INH2, 
WDS 
VINP 
-0.3 
V to VCC1 
Vdc 
(Pin 6, 11, 18) 


Logic 
Input 
Current 
WDI 
(Pin 4) 
IWDI 
oeO.5 
mA 


Output 
Sink 
Current 
RESET (Pin 1) 
IRES 
10 
mA 


Analog 
Inputs 
(Pin 2) 
- 
-0.3 
to 10 
V 
(Pin 7) 
- 
-0.3 
to 5.0 


Reference 
Source 
Current 
(Pin 5) 
Iref 
5.0 
mA 


Power 
Dissipation 
(Note 
2) 
PD 
500 
mW 
TA 
~ 
+85'C 


Thermal 
Resistance 
(Junction 
to Air) 
ROJA 
100 
'CfW 


Operating 
Temperature 
Range 
TA 
-40 
to 
+85'C 
'c 


Operating 
Junction 
Temperature 
TJ 
+ 125 
'c 


Storage 
Temperature 
Range 
Tsto 
- 65 to 
+ 150 
'c 


NOTES: 
1. Values 
beyond 
which 
damage 
may 
occur. 


2. Derate 
at 10 mwrc for ambient 
temperature 
above 
+ 85°C. 


O'c 
E 
E 
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Nominal 
Reference 
Voltage 
1 
Vref nom 
2.42 
2.5 
2.58 
V 


Reference 
Voltage 
Vref 
2.4 
- 
2.6 
V 


Iref 
~ 0.5 mA, 
Tlow 
'" TJ '" Thigh 
(Note 
51. 


6.0 V '" VCCl 
'" 
18 V 


Line 
Regulation 
(6.0 V '" VCC2 
'" 
18 VI 
Regline 
- 
2.0 
15 
mV 


Average 
Temperature 
Coefficient 
2 
~ 
- 
- 
+/-0.5 
mVrC 


Tlow'" 
TJ '" Thigh 
(Note 
51 
~TJ 


Ripple 
Rejection 
Ratio 
3 
RR 
60 
70 
- 
dB 
f ~ 
1.0 kHz, Vsin 
= 
1.0 Voo 


Output 
Impedance 
Zo 
- 
1.0 
- 
Ohm 
o ~ Iref 
:!!E: 2.0 mA 


Standby 
Current 
Consumption 
4 
ICCl 
- 
3.0 
- 
mA 


VCC2 = Open 


Nominal 
Output 
Voltage 
Vout1(nom) 
4.8 
5.0 
5.2 
V 


Output 
Voltage 
Voutl 
4.75 
- 
5.25 
V 


5.0 mA 
'" loutl 
'" 300 mA, 
Tlow 
'" TJ '" Thigh 
(Note 
51 
5 


6.0 V '" VCC2 
'" 
18 V 
6 


Line 
Regulation 
(6.0 V '" VCC2 
'" 
18 VI 
Regline 
- 
10 
50 
mV 


Load 
Regulation 
(5.0 mA 
'" 
lout1 
'" 300 mAl 
Regload 
- 
20 
100 
mV 


Base Current 
Drive 
(VCC2 
~ 
6.0 V, V15 
~ 4.0 VI 
IB 
10 
15 
- 
mA 


Ripple 
Rejection 
Ratio 
3 
RR 
50 
65 
- 
dB 
f ~ 
1.0 kHz, Vsin 
~ 
1.0 Von 


Undervoltage 
Detection 
Level 
(RSC 
~ 
5.0 01 
7 
Vlow 
4.5 
0.93 x Vout1 
- 
V 


Current 
Limitation 
Threshold 
(RSC 
~ 
5.0 III 
VRSC 
210 
250 
290 
mV 


Average 
Temperature 
Coefficient 
~ 
- 
- 
±1.0 
mVrC 


Tlow 
'" TJ '" Thigh 
(Note 
51 
.HJ 


NOTES, 


3. 
The 
external 
PNP 
power 
transistor 
satisfies 
the 
following 
minimum 
specifications: 


hFE 
~ 
60 at Ie = 500 
mA 
and 
VCE 
= 
5.0 V; VCElsat) 
'!5i 300 
mV 
at Ie = 
10 mA 
and 
Ie = 300 
mA 


4. 
Regulator 
Vout2 
programmed 
for 
nominal 
24 V output 
by means 
of R4. AS (see 
Figure 
11 
5. Tlow 
-40 C 


Thigh 
+125C 


Characteristic 


PROGRAMMABLE 
VOLTAGE 
REGULATOR 
SECTION 
INote 
6) 


Nominal 
Output 
Voltage 
Vout2(noml 
23 
24 
25 
V 


Output 
Voltage 
8 
Vout2 
22.8 
- 
25.2 
V 


1.0 mA 
'" lout2 
'" 
100 mA, 
Tlow 
'" TJ '" Thioh 
INotes 
5, 71 


Load 
Regulation 
1.0 mA 
'" 'out2 
'" 100 mA (Note 
7) 
Regload 
- 
40 
200 
mV 


DC Output 
Current 
lout2 
100 
- 
- 
mA 


Peak Output 
Current 
(Internally 
Limited) 
lout2 
a 
150 
200 
- 
mA 


Ripple 
Rejection 
Ratio 
RR 
45 
55 
- 
dB 
f = 20 kHz, V = 0.4 Vpp 


Output 
Voltage 
(Fixed 
5.0 V) 
Vout2(5.0 
VI 
4.75 
- 
5.25 
V 


1.0 mA 
'" lout2 
'" 20 mA, 
Tlow 
'" TJ '" Thigh, 


INHI 
= "High" 
INote 
51 


OFF State 
Output 
Impedance 
(lNH2 = "Low") 
Routl 
- 
10 
- 
kO 


Average 
Temperature 
Coefficient 
~ 
- 
- 
'" 0.25 
mvrcv 


Tlow'" 
TJ '" Thigh 
INote 
51 
.HJVout2 


Collector 
Current 
Detection 
Level 
"High" 
9 
V12(HI 
350 
400 
450 
mV 


RC ~ 
10 k 
"Low" 
V12(LI 
- 
50 
- 


ColieClor 
Saturation 
Voltage 
10 
VCElsat) 
- 
- 
1.6 
V 


IC ~ 
600 mA 
INote 
7) 


Rectifier 
Forward 
Voltage 
Drop 
11 
VF 
- 
- 
1.4 
V 


IF ~ 600 mA 
(Note 
71 


Threshold 
Voltage 
"High" 
VC5(H) 
- 
2.5 
- 
V 


(staticl 
"Low" 
VC5(LI 
- 
1.0 
- 


Current 
Source 
Tlow 
'" TJ '" Thigh 
(Note 
5) 
IC5 
!iA 


Power-Up 
RESET 
- 1.8 
-2.5 
-3.2 


Watchdog 
Time 
Out 
- 
5xlC5 
- 


Watchdog 
RESET 
- 
-50x1C5 
- 


Watchdog 
Input 
Voltage 
Swing 
VWDI 
- 
- 
",5.5 
V 


Watchdog 
Input 
Impedance 
rj 
12 
15 
- 
kll 


Watchdog 
Reset Pulse Width 
IC8 ~ 
1.0 nF) (Note 
9) 
to 
- 
- 
10 
p.s 


Input 
Voltage 
Range 
VINP 
- 
- 
-0.3 
to 
V 


VCCl 


Input 
HIGH Current 
IIH 
p.A 


2.0 V '" VIH '" 5.5 V 
- 
- 
100 


5.5 V '" VIH '" VCCI 
- 
- 
150 


Input 
LOW Current 
IlL 
!iA 


-0.3 
V'" 
VIL '" 0.8 V for 
INH1, 
INH2, 
- 
- 
-100 


-0.3 
V '" VIL '" 0.4 V for WDS 


Leakage 
Current 
Immunity 
IINH2, 
High 
"Z" 
State) 
12 
IZ 
",20 
- 
- 
p.A 


Output 
LOW Voltage 
RESET (lOL 
~ 6.0 mAl 
VOL 
- 
- 
0.4 
V 


Output 
HIGH Current 
RESET (VOH 
~ 
5.5 VI 
VOH 
- 
- 
20 
!iA 


NOTES: 
5. Tlow 
~ 
- 40°C 


Thigh 
= + 125°C 


6. 
Vg = 28 V, INHl 
= "low" for this 
Electrical 
Characteristic 
section 
unless 
otherwise 
specified. 


7. Pulse tested tp ••• 300 JLS 


8. 
Temperature 
range 
Tlow 
0;:;: TJ 
l!O Thigh 
applies 
to this 
Electrical 
Characteristics 
section. 


9. 
For test 
purposes, 
a negative 
pulse 
is applied 
to Pin 4 (- 
2.5 V ~ V4 
~ 
- 5.5 V). 


II 


•• 
I 


I 
I 
I 


I 


:> 


~ 
20 


§: 1.6 
~ 
u 
~1.2 


~ 
0.8 
~ 
~04 
> 


NC 
12 


NC 
4 
17 


NC 


:> +40 
g 
t::: + 20 


'" 
C> 


<.:>« 


~ 
-20 
J 
40 
.., 


NC 
12 


NC 
4 
17 
NC 
10 
+ C4 
_ 
I'FI 


~Vref 
~ 
-:- 
i Vrefnom 


NC 
12 


NC 
4 
17 
NC 


II 
Vref 


Vout1-- 


./ 
V 


I 
I 


3 


NC 
12 


NC 
4 


17 
NC 


loutl = 300 mA 


NC 
12 


NC 
4 


17 
NC 


J 


/28 
V 
124V 
VCC2 '" 20V 


V 
/ 
I 
/ 
/ 


'> 


~ 
50 


04.0 
> 


~ 
3.0 
::> 
'"~ 
2.0 
> 1.0 


NC 
4 


+ 
17 
VCC1-=-l 
NC 


• 


•• 
~ t 


/\ 


+ 


VCC1 
3 


NC 
12 


NC 
4 
17 


NC 


1 
I 
1I 


II 
: 
II 
I! 


+ 
RSC 
0.5 n 
I9 


NC 
12 
15 


+ NC 
Vout 


VCCrr. 
+l 


C4 
10 "F 


V12ILI 
V12IHI 


lCC' 
3 


12 


NC 


+ 


V12 


-:- 


~ 
-I- 


~ 
~ 
1.6 
~ 
~ 
1.4 
zoS 
1.2 
::> 


~ 
1.0 
NC 4 
17 
NC 


I-" 
- 
1 NC 
12 


-= 
NC 
4 


17 
NC 
Fr 
C4 
10~~ 


Vout2 


Spec. limits 


High "Z" Stale 


VlO 
, 


14 
~ 
~ 
20 
~ 
§? 
16 
>- 


~ 
12 
::>o 
~8.0 
~ 
4.0 


o 
-40 
-30 
-10 
-10 
0 
10 
10 


IZ. LEAKAGE 
CURRENT I~I 


II 


+ 
T,' C4 
-.10 ~F 


II 


APPLICATIONS INFORMATION 
(See Figure 18) 


1. VOLTAGE 
REFERENCE Vref 
The voltage 
reference 
Vref is based upon a highly 
stable bandgap voltage 
reference and is accessible on 
Pin 5 for additional 
tasks. This circuit part has its own 
supply 
connection 
on Pin 3 and is therefore 
able to 
operate in standby 
mode. The RC network 
R3, C6 im- 
proves the ripple rejection on both regulators. 


2. DCfDC CONVERTER 
The dc/dc converter 
performs 
according 
to the fly 
back principle 
and does not need a time base circuit. 
The maximum 
coil current is well defined by means of 
the current sensing resistor R~ under all working 
con- 
ditions 
(start-up 
phase, circuit 
overload, 
wide 
supply 
voltage range and extreme load current change). Figure 
13 shows the simplified 
converter 
schematic: 


I~~ILH 


Control Feedback 
10 


C2lO.22."F 


A simplified 
method 
on "how 
to calculate the coil in- 
ductance" 
is given below. The operation 
point at min. 
supply voltage (VCC2) and max. output current (Iout2) 
for a fixed output 
voltage 
(Vout2) determines 
the coil 
data. Figure 14 shows the typical voltage 
and current 
wave forms on the coil L1 (coil losses neglected). 


The equations (1) and (2) yield the respective coil volt- 
age VL - 
and VL + (see Figure 14): 


VL + = Vout2 + tl.V(Pin 9 - 
Pin 8) + VF - 
VCC2(1) 


VL - 
= VCC2 - 
VCE(sat) - 
V12(H) 
(2) 


(tl.V(Pin 9 - 
Pin 8): inpuVoutput 
voltage drop of the 
regulator, 2.5 V typical) 


(VF. VCE(sat). V12(H): see electrical characteristics) 


VCC2 


1 
I 


~~~Irentt 
'LPea~-'-----'--lz---.;r\lA/5 


I-t1-J.t2~ 
t 


The time ratio ex for the charging time to dumping 
time 
is defined by equation (3): 


1 
t,=--- 


(1 +~). 
f 
ex 


(f : min. oscillation 
frequency which should be chosen 
above the audio frequency band (e.g. 20 kHz)) 


Knowing the dc output current lout2 of the programm- 
able regulator, 
the peak coil current IL(peak) can now 
be calculated: 


The coil inductance L1 of the nonsaturated coil is give" 
by equation (6): 


L1 = _t_1_. 
VL - 


IL(peak) 


The formula 
(6a) yields the current sensing resister R1 
for a defined peak coil current IL(peakl' 


R1 = 
V12(H) 
lL(peak) 


In order to limit the by-pass current through 
capacitor 
C7during the energy dumping phase the value C2»C7 
should be implemented. 


For all other operation 
conditions, 
the feedback signal 
from the programmable 
voltage 
regulator 
controls the 
activity of the converter. 


3. PROGRAMMABLE 
VOLTAGE 
REGULATOR 
This series voltage regulator is programmable 
by the 
voltage 
divider 
R4, R5 for a nominal 
output 
voltage 
6.0 V '" Vout2 '" 30 V. 


R4 = (Vout2 - 
Vref nom) . R5 


Vref nom 
(7) 
(R5 = 10 k, Vref nom = 2.5 V) 


Current limitation 
and thermal shutdown 
capability are 
standard 
features 
of this 
regulator. 
The voltage 
drop 
6.V(Pin 9 - 
Pin 8) across the series pass transistor 
gen- 
erates the feedback signal to control the dc/dc converter 
(see Figure 13). 


4. CONTROL 
INPUTS 
INH1, INH2 
The dc/dc converter 
and/or the regulator 
Vout2 are 
remote controllable 
through 
the TTL, MOS compatible 
inhibit inputs INH1 and INH2 where the latter is a 3-level 
detector 
(Logic "0", 
high impedance 
"Z", Logic "1"). 
Both inputs 
are setup 
to provide 
the following 
truth 
table: 


FIGURE15 - 
INH1, INH2TRUTHTABLE 


Mode 
INH1 
INH2 
V 
dc/de 


1 
0 
0 
OFF 
INT 
2 
0 
High "Z" 
YoutZ 
ON 
3 
0 
1 
YoutZ 
INT 
4 
1 
0 
OFF 
INT 
5 
1 
High "Z" 
5.0 V 
ON 
6 
1 
1 
5.0 V 
INT 


INT: 
Intermittent 
operation 
of the converter 
means that the 
converter 
operates 
only 
if VCC2<Vout2. 
ON: 
The converter loads the storage capacitor CZto its full 
charge IV9 ~ 33 Vl. allowing fast responsetime of the 
regulator 
Vout2 when addressed 
by the control 
software. 


OFF: 
High impedance 
(internal 
resistor 
10 k to ground) 


F~ure 
16 represents 
a typical 
timing 
diagram 
for an 
E PROM programming 
sequence in a microprocessor 
based system. 
The high 
"Z" 
state enables the dc/dc 
converter 
to ramp during 
t3 to the voltage 
V9 at Pin 9 
to a high level before the write cycle takes place in the 
memory. 


5. MICROPROCESSOR 
SUPPLY REGULATOR 


Together with an external PNP power transistor 
(Q1), 


a 5.0 V supply 
exhibiting 
low voltage 
drop is obtained 
to power 
microprocessor 
systems 
and auxilliary 
cir- 
cuits. Using a power Darlington 
with adequate heat sink 
in the output 
stage 
boosts 
the output 
current 
lout1 
above 1 amp. 


FIGURE16- 
TYPICALE2pROMPROGRAMMING 
SEQUENCE(not to scale) 


V J 
V9 max 


VCC: -VF 


I 
i 


Programming I 


YoutZ 
Voltage Vpp 


5.0 V I 
I 
I::r::-!-~I--I--I 
! 


I~~~I 
IHi9hl"~"I 
1 


"0" : 
I 
t-'- 
r----1 • 


The current 
limitation 
circuit 
measures 
the emitter 
current of Q1 by means of the sensing resistor RSC. 


(IE: emitter 
current of Q1) 


(VRSC:threshold voltage (see electrical characteristics)) 


The voltage protection circuit performs a fold·back char· 
acteristic 
above 
a 
nominal 
operating 
voltage 
VCC2;;> 18 V. 


6. DELAY AND WATCHDOG 
CIRCUIT 
The under voltage monitor 
supervises the power sup- 
ply Vout1 and releases the delay circuit RESET as soon 
as the regulator output 
reaches the microprocessor 
op- 
erating 
range (e.g. VLOW ;;> 0.93 . Vout1(nom))' 
The 
RESET output 
has an open-collector 
and may be con- 
nected in a "wired-OR" 
configuration. 
The watchdog 
circuit 
consists 
of a retriggerable 
monostable with a negative edge sensitive control input 
WDI. The watchdog 
feature may be disabled by means 
of the watchdog select input WDS driven to a "1". Figure 
17 displays the typical 
RESET timing 
diagram. 


The commuted 
current source IC5 on Pin 17, thresh- 
old voltage~), 
VC5(H) and an external capacitor C5 
define the RESET delay and the watchdog 
timing. 
The 
relationship 
of the timing 
signals are indicated 
by the 
equations 
(9) to (11). 


RESET delay: 


Watchdog 
time- 
out: 


C5' VC5(H) 
td 
IIc51 
19) 


_ C5· (VC5IH) - 
VC5(U) 
twd 
- 
5· IC5 
110) 


t 
- 
C5· (VC5IHl - 
VC5IU) 
r - 
50 'lIc51 
(11) 


Voutl 


Ie) 


Ve5 


(el Wetchdog inhibited, WDS = "1" 
(b) Wetchdog operetionel, ~ 
= "0" 


r----"'! 


Ignition 
KeV 


86 k 
R4 
0.22 "FI 


C7 


~~ 
VCC2 


8 
14 


1 


300 
"H 
11 
R1 


0.68 
n 


Vo 


9 


+I 


C3 
47 
nF 


16-- - -- 
---, 
I 
I 
I 
I 
I 


C6 


0.331'FI 


!lEfT 


I'P 


I 
I 


~~m.· 
~--- 


C5 
1100 nF 


® MOTOROLA 


CONTROllC 
FOR LINE ISOLATED RINGING 
CHOKE Fl YBACK CONVERTER 


The bipolar 
integrated 
circuit TDA4601 drives, regulates and monitors 


the switching 
transistor 
in a power supply based on ringing choke flyback 
principle. 


Due to the wide 
regulating 
range and the high voltage stability 
during 
large load changes, 
SMPS for Hi-Fi equipment 
and active loudspeakers 
can be realised 
as well 
as applications 
in TV receivers 
and video 
rec- 
orders. 
The 
TDA4601 
is available 
in SIP9 and DIL 18 plastic 
medium-power 
package. The temperature 
operating 
range is -15'C to +85'C. 


• Wide operational 
range. 


• 
High voltage 
stability 
even at high load changes. 


• 
Direct control 
of switching 
transistor. 


• 
Low start-up 
current. 


• 
Linear fold back of the overload 
characteristic. 


• 
Base drive 
proportional 
to the current 
through 
the power 
switching 
transistor. 


• 
Stand-by 
mode 3.5W into the external load. 


• 
Inhibition 
capability 
(TIL compatible). 


• 
Under voltage 
lockout. 


For application 
details see ANE002 


8 , 


i 
] 


0 
I 


u 
z 
u 
" 
> 
~ 
'tv; 


TDA4601 
TDA4601B 


Fl YBACK CONVERTER 
REGULA nON CONTROL 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


SIP9 
PLASTIC MEDIUM 
POWER PACKAGE 
CASE 762 


Dll18 
B SUFFIX 
PLASTIC PACKAGE 
CASE 707 


Ref 
1 
18 
GND 


Zerod. 
2 


Feedb. 
3 


17 
GND 


16 
GND 


15 
GND 
The flag is mechan- 
,. 
GND 
ically connected to 


13 
GND 
pin 10thru pin 18 


12 
GND 


11 
GND 


10 
GND 


ORDERING INFORMATION 


Temperature 


Device 
Range 
Packlllle 


TDA4601 
-15'C to +85'C 
PlasticSIP 


TDA4601 
B 
-15'C to +85'C 
PlasticDIP 


II 


II 


Reting 
Velue 
Unit 
Reting 
Velue 
Unit 


Supply voltage 
Vg 
20 
V 
Sink output 
17 
-1.5 
A 
Sink output voltage 
V7 
OtoVg 
V 


V7-V8 
:6 
V 
Junction 
temperature 
Tj 
+150 
"C 


Reference output 
11 
-10to +1 
mA 
Storage 
temperature 
Tstg 
-40 to +125 
"C 


Zero crossing 
12 
-3to +3 
mA 
Thermal resistance 
Control amplifier 
13 
-3toO 
mA 
(junction to air) 
SIPS RthJA 
70 
'CIW 


Collector current 
14 
-2 to +5 
mA 
Thermal resistance 
OIL 
RthJA 
85 
'CIW 


Trigger input 
15 
-2 to +3 
mA 
(junction to case) 
SIPS RthJC 
15 
'CIW 


ELECTRICAL CHARACTERISTICS 
(TA = 25·C. Test configurations 
Fig. 1 I Fig. 2) 
Vg = 15 V, V5 = 3 V, unless otherwise 
specified. 


Test Name 
Condition Velues 
Symbol 
Fig. No. 
Min 
Typ 
Me. 
Unit 


Supply Current 1 
Vg~ 3V 
ICCl 
1 
1.6 
mA 
Supply Current 2 
Vg= 5V 
ICC2 
1 
1.5 
2.0 
mA 
Supply Current 3 
Vg = 10V 
ICC3 
1 
2.2 
3.2 
mA 
Supply Current 4 
Vg= 12.3V 
ICC4 
1 
10.0 
20.0 
mA 
Supply Current 5 
Vg = 20V 
ICC5 
1 
10.0 
21.0 
mA 
Turn On Voltage 
V2 ~ OV 
VCCon 
1 
11.3 
11.8 
12.3 
V 
Turn Off Voltage 
V2 = OV 
VCCoff 
1 
6.S 
7.0 
7.5 
V 


Reference Voltage 1 
Vg = 20V 
Vrefl 
1 
4.0 
4.35 
4.5 
V 
Reference Voltage 2 
Vg~15V,ll=-5mA 
Vref2 
1 
4.0 
4.3 
4.5 
V 
Ref. Short Circuit 
Vg ~ 20V 
ISC 
1 
5.0 
7.0 
20.0 
mA 
Reference Voltage 3 
Vg = 20 V,ll 
~ -5 mA 
Vref3 
1 
4.0 
4.3 
4.5 
V 
Reference Voltage 4 
Vg = 10V,Ig ~ -5mA 
Vref4 
1 
4.0 
4.25 
4.5 
V 
Line Regulation 
Vref3 - Vref4 
RGLN 
1 
SO.O 
100.0 
mV 
Average Temperature Coefficient 
TCVref 
1 
0.5 
mvrc 


Pin 2 Offset Voltage 
VI02 
1 
-60 
-20 
-5.0 
mV 
Pin 2 Negative Clamp Voltage 
V2- 
1 
-0.3 
V 
Pin 2 Positive Clamp Voltage 
V2+ 
1 
0.8 
V 
Pin 2 Delay to Output 
too 
1 
700 
nS 


Pin 3 Regulation Voltage for Vpin4 = 4 V 
Vregl 
1 
2.08 
2.15 
2.23 
V 
Pin 3 Regulation Voltage for Vpin4 ~ 2.6 V 
Vreg2 
1 
2.06 
2.13 
2.21 
V 
Pin 3 Foldback Voltage 
Vfback 
1 
2.4 
2.5 
2.7 
V 
Pin 3 Input Current in Foldback Mode 
Ifback 
1 
50 
400 
2000 
~ 
Pin 3 Input Current i~ Regulation Mode 
13reg 
1 
0.1 
1.0 
5.0 
~ 
Pin 3 Error Amplifier 
Gain 
Gain 
1 
70 


Pin 4 Discharge Current 
Idsch 
1 
12 
20 
mA 
Pin 4 Voltage Low 
V410w 
1 
l,g 
2.1 
2.3 
V 
Pin 4 Clamp Voltage 14= 1 mA 
VZ4 
1 
7.2 
V 


Pin 5 Trigger Voltage 
VSTR 
1 
1.9 
2.1S 
2.6 
V 
Pin 5 Internal Resistance V5 = 1.8V 
RPS 
1 
420 
n 


Pin 5 Clamp Voltage 15= 80 mA 
VZS 
1 
6.8 
7.25 
7.7 
V 
Pin 5 Input Current 
IpS 
1 
2.0 
4.0 
~ 
Pin 5 Leakage Current V5 = 0 V 
IL5 
1 
-40 
-10 
0 
~ 


ELECTRICAL 
CHARACTERISTICS 
(TA = 25°C. 
Test 
configurations 
Fig. 
1 / Fig. 
2) 


Vg = 15 V, V2 = a V, V5 = 3 V, unless 
othelWise 
specified. 


Te.tName 
Condition 
Values 
Symbol 
Fig.No. 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
High 
Vp8 at lout 
~ 0.2 A 
VOH1 
1 
13 
13.4 
V 


Output 
Voltage 
High 
Vp8 at lout 
~ 1 A 
VOH2 
1 
12 
12.6 
V 


Output 
Voltage 
Low 
VP7 at lout 
~ -0.2 A 
VOL1 
1 
1.6 
2.0 
V 


Output 
Voltage 
Low 
Vp7 at lout 
= -1 A 
VOL2 
1 
2.3 
3.0 
V 


Output 
Current 
Limit 
for VP4 = 3.3 V 
IL 
2 
0.3 
0.45 
0.55 
A 


ELECTRICAL 
CHARACTERISTICS 
USING 
APPLICATION 
SIMULATION 
CIRCUIT 
(Fig. 3) 


Normal 
Operation 
(Vg = 10 V; Vreg 
= -10V; 
Vpulse 
~ 0:0.5 V; f = 20 kHz; 
duty 
cycle 
'I.) after 
the 
turn-on 
process 
completed. 


Range 
of Operation 
Symbol 
Fig. No. 
Typ 
Unit 


Current 
Consumption 
Vreg=-10V 
19 
3 
105 
mA 


Vreg 
= OV 
19 
3 
50 
mA 


Collector 
Current 
Balancing 
Voltage 
Vreg 
~ OV 
V4 
3 
2.6 
V 


Vreg 
='OV/-10V 
!::,v4 
3 
0.4 
V 


Output 
Voltages 
Vreg=OV 
V7 
3 
4.3 
V 


Vreg 
~ OV 
V8 
3 
4.4 
V 


Vreg 
~ OV/-10V 
LW8 
3 
1.7 
V 


Characteristics 
Symbol 
Fig. No. 
Min 
Typ 
Max 
Unit 


Turn-on 
time 
(secondary 
voltages) 
350 
450 
ms 


Voltage 
Change 


When 
S3 = closed 
(6P3 
~ 19WI 
6V2 
18 
100 
500 
mV 


When 
S2 = closed 
(6P2 
~ 15 WI 
6V2 
500 
1000 
mV 


Standby 
operation 
(minimum 
secondary 
power: 
3 Watts) 


When 
S 1 = open 
6V2 
20 
30 
V 


Switching 
frequency 
during 
standby 
mode 
f 
70 
75 
kHz 


Primary 
power 
consumption 
during 
standby 
mode 
Pprim 
10 
15 
VA 


The 
heat 
sink 
must 
be optimized, 
taking 
the maximum 
data 


(Tj, RthJC. 
T am b) into 
consideration. 


II 


II 


10 
p.F + 


C~ 


v 
'{n. 


1+0.~ 


-0.5 


V4 
3 


1 
2 


1 


Va 
0 


t 


8 
I 
6 I 
II 
I 
I 
4 I 
I 
I 
I 
2 
~- 
0 


---VR 
= -10V 
_____ 
VR = 0 


TDA4601 


1 
3 
4 
5 


Rl 
C2 
2.2 kO 22 pF 


R2 
R3 
1.0 
20 
+ 
kO 
kO r 


C3 I 
10nF 
1.0 p.F 
D1 


VRef 
V...n... VReg 
V5 


Figure 
5 • TDA4601 
TIming 
Diagram 
- Normal 
Operation 


(see in conjunction 
with 
Fig. 20 - Representative 
Block Diagram 
and Typical Application) 
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The TDA 4601 regulates, 
controls 
and protects the swit- 
ching 
transistor 
in flyback 
converter 
power 
supplies 
at 
starting-up 
normal and overload operation. 


1. An internal 
reference voltage is created. It supplies the 
voltage 
regulator 
and enables the supply to the coupling 
electrolytic 
capacitor 
and the switching 
transistor. 
For a 
supply voltage ofV9 
12V, the current is less than 3.2mA. 


2. Release of the internal reference voltage Vl = 4V. This 
voltage 
is suddenly 
available when V9 reaches 12V and 
enables all parts of the IC to be supplied from the control 
logic including 
thermal 
and overload protection. 


3. Release of the control 
logic. As soon as the reference 
voltage 
is available, the control is switched on through an 
additional 
stabilization 
circuit. 


This start-up 
sequence is necessary for smoothly 
driving 
the switching 
transistor 
through 
the coupling 
electrolytic 
capacitor. 


Zero crossing detection is sensed on pin 2 and linked to the 
control/ogic. 


The signal. picked up on the feedback winding 
is applied, 


after filtering, 
to pin 3 (used for input regulation 
and for 
overload 
protection). 
The regulating section works with an 
Input 
voltage 
of about 
2 V for normal 
regulation 
and a 
current 
of about 1.4 mA for foldback operation. 
Together 


wIth 
the collector 
current 
simulation 
pin 4, the overload 
recognition 
defines the operating 
region of the regulating 
amplIfIer 
dependIng 
on the internal reference voltage. The 
sImulatIon 
of the collector 
current 
is generated 
by an 
external 
RC network at pin 4 and an internally 
set voltage 
level. 


For a constant 
mains and for a given output power on the 
load (t on fixed) 
less than the maximum 
output power, a 
decrease 
of C pin 4 produces 
an increase of the current 


sent to the base of the power switching 
transistor. 
So the 
fold back point 
is reached earlier. The regulation 
range 
starts 
from 
a 2 V DC level which 
is the 
bottom 
of a 
sawtooth 
waveform 
top 
is limited 
at 4 V (reference 
voltage). 


A secondary 
load of 19 W produces a switching 
frequency 
of about 50 KHz at an almost constant duty cycle (approx. 
3). Furthermore, 
when 
the 
switch mode 
power 
supply 
delivers 
approximately 
3 W, the 
switching 
frequency 
jumps to about 70 KHz at a duty cycle of approx. 11. At the 
same time, the collector peak current falls below lA. 


The 
comparison 
of the output 
level of the 
regulating 
amplifier, 
the overload detection and the collector current 
simulation 
drives the control 
logic. An additional 
steering 
control 
and blocking possibility 
is offered thru pin 5. When 
the voltage 
applied 
on pin 5 falls below 2.2 V then the 
source output 
(pin 8) is blocked. 


The control 
logic is set according to the start-up circuit, the 
zero crossing detection and the trigger enabling. This logic 
drives 
the base current 
amplifier 
and the base current 
shutdown. 
The base current 
amplifier 
drives the source 
output 
(pin 8) proportionally 
to the sawtooth voltage (pin 
4). A current 
feedback is performed 
by an external shunt 
inserted 
between 
pin 8 and the base of the switching 
power 
transistor. 
This resistor determines 
the maximum 
amplitude 
of the base current drive. 


The base current shut-down, 
released by the control logic, 


clamps 
the sink output 
(pin 7) at 1.6 V, turning 
off the 
switching 
transistor. 
This feature 
will be released if the· 


voltage 
on pin 9 is less than 7.4 V, or if the applied voltage 
on pin 5 is less than 2.2 V. In case of s short circuit of the 
secondary 
windings, 
the TDA4601 continuously 
monitors 
the fault condition. 


In standby 
operation 
the circuit is set to a high duty cycle. 
The total power consumption 
of the power supply is held 
below6to 
lOW. 


Pin 1 Reference Vref: 4.21 V. 
This output 
furnishes 
a voltage 
reference for the Error 
Amplifier 
Non-inverting 
input. The same voltage is used 
for the internal reference. 


Pin 2 Zero detector. 
This 
is 
the 
Inverting 
Input 
of 
the 
Zero 
Detector 
Comparator. 
It is normally 
connected 
to the feedback 
through 
an RC network. 
During a normal operation each 
positive 
edge starts a sawtooth. 
Gives the information: 


"demagnetisation 
complete" 
to the logic. 


Pin 3 Feedback. 
This is the non-inverting 
input of the Error Amplifier. 
It is 
normally 
connected 
to the 2.1 V reference through 
a 
bridge resistor and an RC network. 


Pin 4 Sawtooth. 
Sawtooth 
signal is programmed 
by connecting resistor RT 
to HV and capacitor CT to ground. The voltage at Pin 4 is 
related to the inductor current. 


Pin 5 Shut Down. 
As soon as VP5 < 2.1 V the operation stops. The input is 
then held low via 300 0 (typical) resistor. To restart VP5 
must 
be pulled 
to a voltage> 
2.1 V, Vref12 (typical). 


Therefore 
it depends if an ideal source is available to set 
the voltage 
(in which 
case there are no problems) 
or a 
source with a non zero internal resistance. If the voltage 
source has an internal resistor Ri,the voltage source has to 
reach: 
V = [(Ri + 300) / 3001x 2.1 
to restart (hysteresis). 


Pin 6 Ground. 
This is the circuit ground. 


Pin 7 Sink current. 
This 
is the 
sink 
current 
output. 
It allows 
the 
output 
transistor 
to be turned off through the 100 ~F capacitor. 


Pin 8 Source current. 
A resistor 
connected 
between 
Pin 7 and Pin 8 allows 
transformation 
of the ramp voltage (Pin 4) into a ramp 
current. This output is a current source (during ton). 


Pin9 
VCC. 
This 
pin 
is the 
positive 
supply 
of the control 
IC. The 
controller 
is functional over a minimum VCC range of7.5 V 
to 
11.3 V. This pin is normally 
connected to main line 
through 
a diode and a 10 kO resistor (3 W) and a 100 ~F 
tank capacitor. 
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Note: 
P is used to adjust the secondary voltage 
C2 must be discharged before Ie change 


This application 
circuit 
shown 
in figure 
18 represents a 
blocking converter 
for color TV sets with 30 W to 120W of 
output power and mains voltages from 160 to 270 V. 


• 
Short-circuit 
proof 
and open-loop 
resistant circuit. 
In 
both cases a power 
of only 6 to 10 W is consumed. 
Linear foldback characteristic 
at overload. 


In spite of regulation 
on the primary 
side, good voltage 
stability 
of the various 
secondary 
voltages 
is achieved 
even with large load changes. 
• 
Efficiency of more than 80% at an output power of 40 to 
100W. 


For mains 
isolation 
and transformation 
to the desired 
secondary 
voltages, 
a transformer 
with 
ferrite 
core is 
used. 
• 
Frequency 
of oscillation 
between 
20kHz (100W) and 
70kHz (without 
load). 


SPECIAL 
FEATURES 
OF THE Fl YBACK 
CONVERTER 
POWER, 
SUPPLY 
USING 
THE TDA4601 


• 
Direct driving of the power switching transistor 


• 
Low starting current, defined starting behaviour also at 
slowly 
rising mains voltage 


• 
Good regulation 
of load current and mains voltage vari- 
ations. At a mains voltage variation 
between 170 and 
240 V the output 
voltage of 150V will change only by 
about 2V. 


lEI 


SWITCHMODE 
PULSE WIDTH MODULATION 
CONTROL CIRCUITS 


The TL494 is a fixed frequency, 
pulse width 
modulation 
control 
circuit designed 
primarily 
for Switch mode power supply control. 


This device features: 


• 
Complete 
Pulse Width 
Modulation 
Control 
Circuitry 


• 
On-Chip Oscillator 
With Master Or Slave Operation 


• 
On-Chip Error Amplifiers 


• 
On-Chip 5 Volt Reference 


• Adjustable 
Dead-Time Control 


• 
Uncommitted 
Output Transistors 
Rated to 500 mA Source Or 
Sink 


• 
Output Control 
For Push-Pull Or Single-Ended 
Operation 


• 
Undervoltage 
Lockout 


SWITCHMODE 
PULSE WIDTH 
MODULATION 
CONTROL 
CIRCUITS 
- 


I 
- 


16 
1 
I 


J SUFFIX 


CERAMIC 
PACKAGE 
CASE 
620-10 


Non-Inv 
Non-Inv 


Input 
Input 


Inv 
Inv 


Input 
'"put 


Campenl 
". 


PWM Camp 
3 
VREF 
Input 


Dead 


Time 
4 
Control 
1 


vCC 


N SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648-06 


Ground 
7 


The TL494C is specified 
over the commercial 
operating 
range 
of O°Cto 70°C. The TL4941 is specified 
over the industrial 
range 
of - 25°C to 85°C. The TL494M is specified 
over the full military 
range of - 55°C to 125°C. 


ORDERING 
INFORMATION 


Temperature 
Device 
Range 
Package 


TL494CN 
0° to 
+ 70'C 
Plastic 
DIP 


TL494CJ 
0' to 
+ 70'C 
Ceramic 
DIP 


TL4941N 
- 25' to 
+ 85'C 
Plastic 
DIP 


TL4941J 
-25' 
to 
+85'C 
Ceramic 
DIP 


TL494MJ 
- 55' to 
+ 125'C 
Ceramic 
DIP 


4 
Dead-Time 
Control 


Capacitor 
CT 
FeedbacklP.W.M. 
Compo 


Dead-Time 
Control 


• 


The TL494 is a fixed-frequency 
pulse width modula- 


tion control circuit, incorporating 
the primary building 
blocks required for the control 
of a switching 
power 
supply. (See Figure 1.)An internal-linear sawtooth oscil- 
lator is frequency-programmable 
by two external com- 


ponents, RT and CT. The approximate 
oscillator 
fre- 
quency is determined 
by: 


f 
~_1_.1_ 
osc 
RT. 
CT 


For more information 
refer to Figure 4. 


Output 
pulse width 
modulation 
is accomplished 
by 
comparison 
of the positive sawtooth waveform across 
capacitor CT to either of two control signals. The NOR 
gates, which drive output transistors 
01 and 02, are 
enabled only when the flip-flop clock·input line is in its 
low state. This happens only during that portion of time 
when the sawtooth voltage is greater than the control 
signals. Therefore, an increase in control-signal 
ampli· 
tude causes a corresponding 
linear decrease of output 
pulse width. IRefer to the timing diagram shown in Fig- 
ure 2.) 
The control signals are external inputs that can be fed 
into the dead-time control, the error amplifier 
inputs, 


or the feedback input. The dead-time control compar- 
ator has an effective 120 mV input offset which limits 
the minimum 
output dead time to approximately 
the 
first 4% of the sawtooth-cycle 
time. This would result 
in a maximum duty cycle on a given output of 96°0 with 
the output control grounded, and 48% with it connected 
to the reference line. Additional 
dead time may be im- 


posed on the output by selling the dead time-control 
input to a fixed voltage, ranging between 0 to 3.3 V. 


The pulse width 
modulator 
comparator 
provides 
a 
means for the error amplifiers to adjust the output pulse 
width from the maximum 
percent on-time, established 
by the dead time control 
input. down to zero, as the 
voltage at the feedback pin varies from 0.5to 3.5 V. Both 
error amplifiers have a common-mode input range from 
- 0.3 V to (VCC - 2 VI. and may be used to sense power- 
supply output voltage and current. The error-amplifier 
outputs are active high and are ORed together at the 
non-inverting 
input of the pulse-width modulator com- 
parator. With this configuration, 
the amplifier 
that de- 
mands minimum output on time. dominates control of 
the loop. 
When capacitor CT is discharged, a positive pulse is 
generated on the output of the dead-time comparator. 
which clocks the pulse-steering flip-flop and inhibits the 
output transistors, 01 and 02. With the output-control 
connected to the reference line. the pulse·steering flip· 
flop directs the modulated 
pulses to each of the two 
output transistors 
alternately for push· pull operation. 


The output frequency is equal to half that of the oscil- 
lator. Output drive can also be taken from 01 or 02, 
when single-ended operation with a maximum on-time 
of less than 50% is required. This is desirable when the 
output transformer has a ring back winding with a catch 
diode used for snubbing. When higher output-drive cur- 
rents are required for single-ended operation, 01 and 
02 may be connected in parallel. and the output-mode 
pin must be tied to ground to disable the flip-flop. The 
output 
frequency 
will 
now 
be equal to that 
of the 
oscillator. 


The TL494 has an internal 5 V reference capable of 
sourcing up to 10 mA of load current for external bias 
circuits. 
The 
reference 
has an internal 
accuracy 
of 


± 1_5%with a typical thermal drift of less than 50 mV 
over an operating temperature 
range of 0 to 70°C. 


Input 
fout = 
Output 
Output 
Function 
fose 


Control 


Grounded 
Single-endedP.W.M.at Q1and Q2 
1 


AtVref 
Push-pull 
operation 
0.5 


Rating 
Symbol 
Tl494C 
Tl4941 
Tl494M 
Unit 


Power Supply Voltage 
VCC 
42 
42 
42 
V 


Collector Output 
Voltage 
VC1. VC2 
42 
42 
42 
V 


Collector Output 
Current (each transistor) 
11) 
IC1.IC2 
500 
500 
500 
mA 


Amplifier Input Voltage Range 
V'R 
-0.3 
to 42 
-0.3 
to 42 
-0.3 
to 42 
V 


Power 
Dissipation 
(u 
TA ~ 45°C 
Po 
1000 
1000 
1000 
mW 


Operating 
Junction 
Temperature 
TJ 
Plastic Package 
125 
125 
- 
·C 


Ceramic 
Package 
150 
150 
150 
·C 


Operating 
Ambient 
Temperature 
Range 
TA 
o to 70 
-25 
to 85 
- 55 to 125 
·C 


Storage 
Temperature 
Range 
Tstg 
·C 


Plastic 
Package 
-55 
to 125 
- 55 to 125 
- 


Ceramic 
Package 
-65 
to 150 
- 65 to 150 
-65to 
150 


Characteristics 
Symbol 
N Suffix Plastic Package 
J Suffix Ceramic 
Package 
Unit 


Thermal 
Resistance, 
Junction 
to A'mbient 
R"JA 
80 
100 
·CIW 


Derating 
Ambient 
Temperature 
TA 
45 
50 
·C 


Tl494 
ConditionfValue 
Symbol 
Unit 
Min 
Typ 
Max 


Power Supply Voltage 
VCC 
7.0 
15 
40 
V 


Collector Output Voltage 
VC1. VC2 
- 
30 
40 
V 


Collector 
Output 
Current 
(each transistor) 
IC1.IC2 
- 
- 
200 
mA 


Amplifier 
Input 
Voltage 
Vin 
-0.3 
- 
VCC - 
2.0 
V 


Current 
Into Feedback 
Terminal 
Ifb 
- 
- 
0.3 
mA 


Reference 
Output 
Current 
Iref 
- 
- 
10 
mA 


Timing 
Resistor 
RT 
1.8 
30 
500 
kll 


Timing 
Capacitor 
CT 
0.0047 
0.001 
10 
",F 


Oscillator 
Frequency 
fasc 
1.0 
40 
200 
kHz 


ELECTRICAL 
CHARACTERISTICS 
IVcc = 15 V. CT = 0.01 ",F. RT = 12 kll unless 
otherwise 
noted.} 


For typical 
values 
TA = 25°C. for minimax 
values 
TA is the operating 
ambient 
temperature 
range 
that 
applies 
unless 
otherwise 


noted. 


Reference 
Voltage 
Vref 
4.75 
5.0 
5.25 
4.75 
5.0 
5.25 
V 
(10 ~ 1.0 mAl 


Line Regulation 
Regline 
- 
2.0 
25 
- 
2.0 
25 
mV 
{VCC ~ 7.0 V to 40 VI 


load 
Regulation 
Regload 
- 
3.0 
15 
- 
3.0 
15 
mV 
(10 ~ 1.0 mA to 10 mAl 


Short-Circuit 
Output Current 
'SC 
15 
35 
75 
15 
35 
75 
mA 
IVref ~ 0 V) 


Collector 
Off-State 
Current 
ICloffl 
- 
20 
100 
- 
2.0 
100 
I'-A 
(VCC = 40 V, VCE = 40 V: 


Emitter 
Off-State 
Current 
IEloffl 
- 
- 
~ 100 
- 
- 
~ 150 
I'-A 
(VCC = 40 V, Vc = 40 V, VE = 0 VI 


Collector-Emitter 
Saturation 
Voltage 
121 
VSATICI 
- 
1.1 
1.3 
- 
1.1 
1.5 
V 
Common-Emitter 


(VE = 0 V, IC = 200 mAl 
Emitter·Follower 
VSATIEI 
- 
1.5 
2.5 
- 
1.5 
2.5 
V 


IVC = 
15 V, IE = 
~ 200 mAl 


Output 
Control 
Pin Current 
10CL 
- 
10 
- 
- 
10 
- 
I'-A 
Low 
State 


(VOC'" 
0.4 VI 
High 
State 
lOCH 
- 
0.2 
3.5 
- 
0.2 
3.5 
mA 


(VOC = Vrefl 


Output 
Voltage 
Rise Time 
tr 
- 
100 
200 
- 
100 
200 
ns 
Common-Emitter 
(See 
Figure 
13) 


Emitter-Follower 
ISee 
Figure 
141 
- 
100 
200 
- 
100 
200 
ns 


Output 
Voltage 
Fall Time 
tf 
- 
25 
100 
- 
25 
100 
ns 
Common-Emitter 
ISee 
Figure 
131 
Emitter-Follower 
ISee 
Figure 
141 
- 
40 
100 
- 
40 
100 
ns 


Input 
Offset 
Voltage 
VIO 
- 
2.0 
10 
mV 


IVO IPin 31 = 2.5 VI 


Input Offset 
Current 
110 
- 
5.0 
250 
nA 


(VO IPin 
31 = 2.5 VI 


Input 
Bias Current 
lIB 
- 
~0.1 
~1.0 
I'-A 
(VO (Pin 31 = 2.5 VI 


Input 
Common-Mode 
Voltage 
Range 
VICR 
-0.3 
to 
- 
- 
V 


(VCC = 40 V, TA = 25°CI 
VCC ~2.0 


Open-Loop 
Voltage 
Gain 
AVOL 
70 
95 
- 
dB 
(4VO 
= 3.0 V, Vo 
= 0.5 to 3.5 V, 


RL = 2.0 klll 


Unity-Gain 
Crossover 
Frequency 
IC 
- 
350 
- 
kHz 
(VO = 0.5 to 3.5 V, RL = 2.0 kill 


Phase Margin 
at Unity-Gain 
Om 
- 
65 
- 
deg. 


(VO = 0.5 to 3.5 V, RL = 2.0 kill 


Common-Mode 
Rejection 
Ratio 
CMRR 
65 
90 
dB 
(VCC = 40 VI 


Power 
Supply 
Rejection 
Ratio 
PSRR 
- 
100 
- 
dB 
(4VCC 
= 33 V, Vo 
= 2.5 V, RL = 2.0 kill 


Output 
Sink Current 
10- 
03 
0.7 
- 
mA 


(VO (Pin 31 = 0.7 VI 


Output 
Source 
Current 
10+ 
~ 2.0 
~ 4.0 
- 
mA 


(VO (Pin 31 = 3.5 VI 


ELECTRICAL CHARACTERISTICS 
(VCC = 15 V, CT = 0.01 JLF, RT = 12 kfi 
unless 
otherwise 
noted.) 
For typical 
values 
TA = 25"C, for 
minimax 
values 
TA is the 
operating 
ambient 
temperature 
range 
that 
applies 
unless 
otherwise 


noted. 


Input 
Threshold 
Voltage 
VTH 
- 
3.5 
4.5 
V 


(Zero 
duty 
cycle) 


Input 
Sink 
Current 
11- 
0.3 
0.7 
- 
mA 


(V(Pin 
3) = 0.7 V) 


Input 
Bias Current 
(Pin 4) 
liB (DT) 
- 
-2.0 
-10 
JLA 
(VPin 
4) = a to 5.25 V) 


Maximum 
Duty 
Cycle, 
Each Output, 
Push-Pull 
Mode 
DCmax 
% 


(VPin 
4 = a V, CT = 0.01 JLF, RT = 12 kn) 
45 
48 
50 
(VPin 
4 = a V, CT = 0.001 
JLF, RT = 30 kfi) 
- 
45 
50 


Input 
Threshold 
Voltage 
(Pin 4) 
VTH 
V 
(Zero 
Duty 
Cycle) 
- 
2.8 
3.3 
(Maximum 
Duty 
Cycle) 
a 
- 
- 


Frequency 
fasc 
- 
40 
- 
kHz 
(CT = 0.001 
JLF, RT = 30 kn) 


Standard 
Deviation 
of Frequency* 
ofosc 
- 
3.0 
- 
% 


(CT = 0.001 
JLF, RT = 30 kn) 


Frequency 
Change 
with 
Voltage 
Mosc 
(6V) 
- 
0.1 
- 
% 


(VCC = 7.0 V to 40 V, TA = 25"C) 


Frequency 
Change 
with 
Temperature 
Mosc 
(6T) 
- 
- 
12 
% 


(6TA 
= Tlow 
to Thigh) 
ICT = 0.01 JLF, RT = 12 kfi) 


UNDERVOLTAGE 
LOCKOUT SECTION 


Turn-On 
Threshold 
(VCC Increasing, 
Iref = 1.0 mAl 


TOTAL DEVICE 


Standby 
Supply 
Current 
ICC 
mA 
(Pin 6 at V ref, All 
Other 
Inputs 
and 
Outputs 
Open) 


(VCC = 15 V) 
- 
5.5 
10 


(VCC = 40 V) 
- 
7.0 
15 


Average 
Supply 
Current 
- 
- 
7.0 
- 
mA 


(V(Pin 
4) = 2.0 V) (See 
Figure 
12) 


(CT = 0.01 JLF, RT = 12 kfi, 
VCC = 15 V) 


N 
2: 
IXn 
- )(12 
n 
== 
1 


N - 
1 
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FIGURE 
8 - 
EMITTER 
FOLLOWER 
CONFIGURATION 
OUTPUT 
SATURATION 
VOLTAGE 
versus 
EMITTER 
CURRENT 
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FIGURE 
9 - 
COMMON 
EMITTER 
CONFIGURATION 
OUTPUT 
SATURATION 
VOLTAGE 
versus 
COLLECTOR 
CURRENT 


------ 


./ 


------ ---- 


~l----V 


Ir-- 


<...? 
1.6 
~ 
§? 
1,4 
z 
012~ 
::> 
~ 
1.0 


~ 
08 
§ 0.6 


100 
200 
300 
IC,COLLECTORCURRENT (mAl 


10 


90 


80 


;;' 70 
E 


~ 


60 


<3 10 


> 40 
~~~ 30 
.B 20 


10 


r 


/ 
/ 
/ 
/ 
/ 


Test 1 
Inputs 


Feedback 


Terminal 


(pin 31 


Each 
Output 


TransIstor 


Each 
Output 
Transistor 
CL1'5pF 


II 


II 


To Output 
Voltage of 
System 


2 


NEGATIVE OUTPUT VOLTAGE 


R1 


Vo 
~ 
Vref1i2 


POSITIVE OUTPUT VOLTAGE 


Vo = Vref 
(1 +~) 
To Output 
Voltage of 
System 


Output 
Control 


Output 
Vref 
R1 
4 
0 
DT 


RT 
CT 
R2 


6 


30 k 
1°. 


001 


Max % on Time. Each Output 
~ 45 _ ( 
80 R1) 
1 + 
- 
R2 


FIGURE 
18 - 
OUTPUT 
CONNECTIONS 
FOR SINGLE·ENDED 
AND 
PUSH·PULL CONFIGURATIONS 


C1 
C1 
°c 


(:0250 
mA 
01 
El 
2.4 V " VOC " VREF 
01 
El 
Output 


E500mA 


Output 
Control 
Control 


C2 
C2 


0" 
VOC" 
0.4 V 
02 
E2 
02 
E2 
Go 
250 mA 
°E 


Slave 
(Additional 
Circuits) 


'2 
+VO 
= 28V 


47 
lN4934 
10 = 0.2 A 
VCC 


8 


1M 
C1 


33k 
3 
TL494 
Comp 
0.01 
0.01 
15 
" 
C2 
50 
16 
35 V 
+ 


47 
1N4934 


4.7 k 
240 


4.7 k 


L 1 - 
3.5 mH 
@ 0.3 A 
T1 - 
Primary: 
20T C.T. #28 
AWG 
Secondary: 
120T C.T. #36 
AWG 
Core: 
Ferroxcube 
1408P-LOO-3C8 


TEST 
CONDITIONS 
RESULTS 


Line 
Regulation 
Vin = 
10 V to 40 V 
14 mV 
0.28% 


Load 
Regulation 
Vin 
= 28 V, 10 = 1 mA 
to 
1 A 
3.0 mV 
0.06% 


Output 
Ripple 
Vin 
= 28 V, 10 = 1.0 A 
65 mV 
Pop 
PAR.D. 


Short 
Circuit 
Current 
Vin 
~ 
28 V, RL ~ 0.1 n 
1.6 amps 


Efficiency 
Vin 
= 28 V, 10 = 1 A 
71% 


III 


FIGURE 22 - 
PULSE-WIDTH 
MODULATED 
STEp·DOWN 
CONVERTER 


1.0 mH \a 2A 


12 


VCC 


TIP 32A 


47 


150 


47k 


8 
0.1 


Cl 
C2 
3 
1M 
Comp 
2 


1 
5.1 k 


TL494 
14 
VREF 
15 


16 
5.1 k 


+ 


150 


CT 
RT 


5 
6 


TEST 
CONDITIONS 
RESULTS 


Line Regulation 
Vin = 8.0 to 40 V 
3.0 mV 
0.01% 


Load 
Regulation 
Vin 
= 
12.6 V. 10 = 0.2 to 200 mA 
5.0 mV 
0.02% 


Output 
Ripple 
Vin 
= 
12.6 V. 10 = 200 mA 
40 mV 
pop 
PAR.D. 


Short Circuit 
Current 
Vin 
= 
12.6 V. RL = 0.1 !l 
250 mA 


Efficiency 
Vin 
= 
12.6 V. 10 = 200 mA 
72% 


® MOTOROLA 


PRECISION 
SWITCHMODE 
PULSE WIDTH 
MODULATION 
CONTROL 
CIRCUIT 


The TL594 is a fixed frequency, 
pulse width modulation 
control 
circuit designed 
primarily 
for Switch mode power supply control. 


This device features: 


• 
Complete 
Pulse Width 
Modulation 
Control Circuitry 


• 
On-Chip Oscillator 
With Master Or Slave Operation 


• 
On-Chip Error Amplifiers 


• 
On-Chip 5 Volt Reference, 1.5% Accuracy 


• 
Adjustable 
Dead-Time Control 


• 
Uncommitted 
Output Transistors 
Rated to 500 mA Source Or Sink 


• 
Output 
Control 
For Push-Pull Or Single-Ended 
Operation 


• 
Undervoltage 
Lockout 


Campen/ 


PWM Camp 
3 
Input 


The TL594C is specified 
over the commercial 
operating 
range 
of O°Cto 70°C. The TL5941 is specified 
over the industrial 
range 
of - 25°C to 85°C. The TL594M is specified 
over the full military 
range of - 55°C to 125°C. 


PRECISION 
SWITCH MODE 
PULSE WIDTH 
MODULATION 
CONTROL 
CIRCUIT 


J SUFFIX 
CERAMICPACKAGE 
CASE620-10 


N SUFFIX 
PLASTICPACKAGE 
CASE648-06 


ORDERING INFORMATION 


Temperature 
Device 
Range 
Package 


TL594CN 
O'to +70"C 
Plastic DIP 


TL594IN 
- 25' to + 85'C 
Plastic DIP 


TL594MJ 
- 55' to + 125'C 
Ceramic 
DIP 


•• 
4 
Dead-Time 
Control 


Capacitor 
CT 


Feedback PW.M. 
Camp 


Dead-Time 
Control 


The TL594 is a fixed-frequency pulse width modula- 
tion control circuit, incorporating the primary building 
blocks required for the control of a switching 
power 


supply. (See Figure 1.)An internal-linear sawtooth oscil- 
lator is frequency-programmable 
by two external com- 
ponents, RT and CT. The approximate 
oscillator fre- 


quency is determined by: 


f 
=_1_.2_ 


osc 
RT- CT 


Output 
pulse width 
modulation 
is accomplished 
by 
comparison of the positive sawtooth waveform across 
capacitor CT to either of two control signals. The NOR 
gates, which drive output transistors 01 and 02. are 
enabled only when the flip-flop clock-Input line IS in its 
low state. This happens only during that portion of time 
when the sawtooth voltage is greater than the control 


signals. 
Therefore. 
an 
increase 
in control-signal 
ampli- 


tude 
causes 
a corresponding 
linear 
decrease 
of output 
pulse width. (Refer to the timing diagram shown In Fig- 
ure 2.1 
The control Signals are external inputs that can be fed 


Into 
the 
dead-time 
control. 
the 
error 
amplifier 
Inputs. 


or the feedback input. The dead-time control compar· 
ator has an effective 120 mV Input offset which Iir,lIt, 
the minimum 
output dead time to approximately 
the 
first 400 of the sawtooth-cycle time. This would result 


in a maximum 
duty 
cycle 
on a given 
output 
of 96°0 
with 


the output control grounded, and 4800 with it connected 
to the reference line. Additional dead time may be Im- 
posed on the output by setting the dead time-control 
input to a fixed voltage, ranging between 0 to 3.3 V. 


The pulse width 
modulator 
comparator 
provides a 


means for the error amplifiers to adjust the output pulse 
width from the maximum percent on-time, established 
by the dead time control input. down to zero, as the 
voltage at the feedback pin varies from 0.5 to 3.5 V. Both 
error amplifiers have a common-mode input range from 
- 0.3 V to (VCC - 2 V), and may be used to sense power· 
supply output voltage and current. The error-amplifier 
outputs are active high and are ORed together at the 
non-inverting input of the pulse-width modulator com- 
parator. With this configuration, the amplifier that de- 
mands minimum output on time. dominates control of 
the loop. 


When capacitor CT is discharged, a positive pulse is 
generated on the output of the dead-time comparator. 
which clocks the pulse-steering flip·flop and inhibits the 
output transistors, 01 and Q2. With the output-control 
connected to the reference line. the pulse-steering flip- 
flop directs the modulated pulses to each of the two 
output transistors alternately for push-pull operation. 
The output frequency is equal to half that of the oscil- 
lator. Output drive can also be taken from Ql or 02. 
when single-ended operation with a maximum on-time 
of less than 5000 is required. This is desirable when the 
output transformer has a ringback winding with a catch 
diode used for snubbing. When higher output-drive cur- 
rents are required for single-ended operation, 01 and 
Q2 may be connected in parallel. and the output-mode 
pin must be tied to ground to disable the flip-flop. The 
output 
frequency 
will 
now 
be equal to that of the 
oscillator. 


The TL594 has an internal 5.0 V reference capable of 


sourcing up to 10 mA of load current for external bias 
circuits. 
The reference has an internal 
accuracy of 


:!: 1.5% with a typical thermal drift of less than 50 mV 
over an operating temperature range of 0 to 70'C. 


Input 
lout = 
Output 
Output 
Function 
fose 


Control 


Grounded 
Single-endedP.w.M. 
at Ql and Q2 
1 


At Vref 
Push-pull 
operation 
0.5 


II 


•• 


Rating 
Symbol 
TL594C 
TL5941 
TL594M 
Unit 


Power 
Supply 
Voltage 
VCC 
42 
42 
42 
V 


Collector 
Output 
Voltage 
VC1, VC2 
42 
42 
42 
V 


Collector 
Output 
Current 
leach 
transistor) 
(Note 
1I 
IC1,IC2 
500 
500 
500 
mA 


Amplifier 
Input 
Voltage 
Range 
VIR 
-0.3 
to 42 
-0.3 
to 42 
-0.3 
to 42 
V 


Power 
Dissipation 
((I TA ~ 45°C 
PD 
1000 
1000 
1000 
mW 


Operating 
Junction 
Temperature 
TJ 
'c 
Plastic 
Package 
125 
125 
- 
Ceramic 
Package 
- 
- 
150 


Operating 
Ambient 
Temperature 
Range 
TA 
o to 70 
- 25 to 85 
- 55 to 125 
'c 


Storage 
Temperature 
Range 
Tstg 
'c 
Plastic 
Package 
- 55 to 125 
- 55 to 125 
- 
Ceramic 
Package 
- 
- 
-65 
to 150 


Characteristics 
Symbol 
N Suffix 
Plastic 
Package 
J Suffix 
Ceramic 
Package 
Unit 


Thermal 
Resistance. 
Junction 
to Ambient 
R"JA 
80 
100 
'CiW 


Derating 
Ambient 
Temperature 
TA 
45 
50 
'c 


Tl594 
Condition/Value 
Symbol 
Unit 
Min 
Typ 
Max 


Power 
Supply 
Voltage 
VCC 
7.0 
15 
40 
V 


Collector 
Output 
Voltage 
VC1, VC2 
- 
30 
40 
V 


Collector 
Output 
Current 
leach transistor) 
IC1.IC2 
- 
- 
200 
mA 


Amplifier 
Input 
Voltage 
Vin 
03 
- 
VCC 
- 
20 
V 


Current 
Into Feedback 
Terminal 
Ifb 
- 
- 
03 
mA 


Reference 
Output 
Current 
Iref 
- 
- 
10 
mA 


Timing 
Resistor 
RT 
18 
30 
500 
kll 


Timing 
Capacitor 
CT 
0.0047 
0.001 
10 
I'F 


Oscillator 
Frequency 
fosc 
1.0 
40 
200 
kHz 


PWM 
Input 
Voltage 
(pins 
3. 4 & 131 
- 
03 
- 
53 
V 


ELECTRICAL 
CHARACTERISTICS 
IVCC 
= 
15 V. CT 
= 
0.01 I'F, 
RT .~ 12 kll 
unless 
otherwise 
noted.) 


For typical 
values 
TA 
= 25"C, for min max values 
TA is the operating 
ambient 
temperature 
range that applies 
unless 
otherwise 
noted. 


Reference 
Voltage 
Vref 
V 
110 = 
1.0 mA. 
TA 
= 
25°CI 
4.925 
5.0 
5.075 
4.925 
5.0 
5.075 
110 = 1.0 mAl 
4.9 
- 
5.1 
4.9 
- 
5.1 


Line Regulation 
Regline 
- 
20 
25 
- 
2.0 
25 
mV 
(VCC 
= 7.0 V to 40 VI 


Load Regulation 
Regload 
- 
20 
15 
- 
2.0 
15 
mV 
110 = 1.0 mA 
to 10 mAl 


Short~Circuit 
Output 
Current 
ISC 
15 
40 
75 
15 
40 
75 
mA 
(Vref 
= 0 VI 


ELECTRICAL 
CHARACTERISTICS 
IVcc 
= 15 V, CT = 0.01 !LF, RT = 
12 kO unless 
otherwise 
noted.1 


For typical 
values 
TA = 25°C. for minImax 
values 
TA is the operating 
ambient 
temperature 
range 
that applies 
unless 
otherwise 


noted. 


Collector 
Off-State 
Current 
ICloffl 
- 
2.0 
100 
- 
2.0 
100 
!LA 


(VCC = 40 V, VCE = 40 VI 


Emitter 
Off·State 
Current 
IE(off) 
- 
- 
- 100 
- 
- 
-100 
!LA 


(VCC = 40 V, Vc 
= 40 V, VE = 0 V) 


Collector-Emitter 
Saturation 
Voltage 
(Note 
21 
VSAT(C) 
- 
1.1 
1.3 
- 
1.1 
1.5 
V 


Common-Emitter 
(VE = 0 V, IC = 200 mAl 


Emitter-Follower 
VSAT(EI 
- 
1.5 
2.5 
- 
1.5 
2.5 
V 


(VC= 
15V,IE= 
-200 
mAl 


Output 
Control 
Pin Current 
10CL 
- 
0.1 
- 
- 
0.1 
- 
!LA 


Low State 
(VOC " 
0.4 V) 


High 
State 
lOCH 
- 
2.0 
20 
- 
20 
20 
!LA 


(VOC = Vref) 


Output 
Voltage 
Rise Time 
tr 
- 
100 
200 
- 
100 
200 
ns 


Common-Emitter 
(See Figure 
13) 


Emitter-Follower 
(See Figure 
14) 
- 
100 
200 
- 
100 
200 
ns 


Output 
Voltage 
Fall Time 
tf 
- 
40 
100 
- 
40 
100 
ns 


Common-Emitter 
(See 
Figure 
13) 


Emitter-Follower 
(See 
Figure 
14) 
- 
40 
100 
- 
40 
100 
ns 


Input 
Offset 
Voltage 
Via 
- 
20 
10 
mV 


(Va (pin 3) = 2.5 VI 


Input 
Offset 
Current 
110 
- 
5.0 
250 
nA 


IVO (Pin 3) = 2.5 VI 


Input 
Bias Current 
liB 
- 
-0.1 
~ 1.0 
!LA 
(Va (Pin 3) = 2.5 VI 


Input 
Common-Mode 
Voltage 
Range 
VICR 
o to 
- 
- 
V 


(VCC = 40 V, TA = 25"CI 
VCC-2.0 


Inverting 
Input 
Voltage 
Range 
VIRIINV) 
-0.3 
to 
- 
- 
V 


VCC- 
2.0 


Open-Loop 
Voltage 
Gain 
AVOL 
70 
95 
- 
dB 


(~VO 
= 3.0 V, Va 
= 0.5 to 3.5 V, 


RL = 2.0 k!l) 


Unity-Gain 
Crossov~r 
Frequency 
fC 
- 
700 
- 
kHz 
(Va 
= 0.5 to 3.5 V, RL = 2.0 k!l) 


Phase 
Margin 
at Unity-Gain 
0m 
- 
65 
- 
deg. 
(Va 
= 0.5 to 3.5 V, RL = 2.0 kill 


Common-Mode 
Rejection 
Ratio 
CMRR 
65 
90 
- 
dB 


(VCC = 40 V) 


Power 
Supply 
Rejection 
Ratio 
PSRR 
- 
100 
- 
dB 


(il.VCC = 33 V. Va 
= 25 
V, RL = 2.0 k!l) 


Output 
Sink Current 
10- 
0.3 
0.7 
- 
mA 


(Va (Pin 31 = 0.7 V) 


Output 
Source 
Current 
10+ 
-2.0 
-4.0 
- 
mA 


(Va (Pin 3) = 3.5 V} 


II 


ELECTRICAL 
CHARACTERISTICS 
(Vcc 
~ 
15 V, CT = 0.01 p.F, RT = 12 kfi 
unless 
otherwise 
noted.) 


For typical 
values 
TA = 25°C, for minImax 
values 
TA is the operating 
ambient 
temperature 
range 
that applies 
unless 
otherwise 


noted. 


Input 
Threshold 
Voltage 
VTH 
- 
3.6 
4.5 
V 
(Zero 
Duty 
Cycle) 


Input 
Sink Current 
11- 
0.3 
0.7 
- 
mA 
(VPin 3 ~ 0.7 V) 


Input 
Bias Current 
(Pin 4) 
liB (DT) 
- 
-2.0 
-10 
p.A 


(VPin 4 ~ 0 to 5.25 V) 


Maximum 
Duty Cycle, 
Each Output, 
Push-Pull 
Mode 
DCmax 
% 
(VPin 4 ~ 0 V, CT = 0.01 IJ-F,RT = 12 klll 
45 
48 
50 
(VPin 4 = 0 V, CT = 0.001 IJ-F,RT ~ 30 klll 
- 
45 
- 


Input 
Threshold 
Voltage 
(Pin 4) 
VTH 
V 
(Zero 
Duty Cycle) 
- 
28 
3.3 
(Maximum 
Duty Cycle) 
0 
- 
- 


Frequency 
fose 
kHz 
(CT ~ 0.001 p.F, RT = 30 kill 
- 
40 
- 


(CT = 0.01 p.F, RT ~ 
12 kll, 
TA ~ 25°C) 
92 
10 
10.8 
(CT = 0.01 p.F, RT - 
12 kll, 
TA = Tlow 
to Thiohl 
9.0 
- 
12 


Standard 
Deviation 
of Frequency· 
Irfose 
- 
1.5 
- 
% 


(CT ~ 0.001 p.F, RT = 30 kill 


Frequency 
Change 
with Voltage 
..Ifosc (..IVI 
- 
0.2 
1.0 
% 


(VCC ~ 7.0 V to 40 V, TA = 25°C) 


Frequency 
Change 
with Temperature 
..Ifosc (..IT) 
- 
4.0 
- 
% 


(..ITA = Tlow 
to Thiah, 
CT ~ 0.01 p.F, RT ~ 
12 k!lI 


Turn-On 
Threshold 
(VCC Increasing. 
Iref 
= 
1.0 mAl 
Vth 
V 


TA = 25°C 
4.0 
52 
6.0 


TA = Tlow 
to Thiah 
3.5 
- 
6.5 


Hysteresis 
VH 
mV 


TL594C,I 
100 
150 
300 


TL594M 
50 
150 
300 


Standby 
Supply 
Current 
ICC 
mA 


(Pin 6 at V ref, All Other 
Inputs 
and Outputs 
Open) 


(VCC 
= 
15 VI 
- 
8.0 
15 
(VCC 
~ 40 VI 
- 
8.5 
18 


Average 
Supply 
Current 
- 
- 
'1 
- 
mA 


(VPin 4 = 2.0 V, CT ~ 0.01 p.F, RT = 12 k!l. 
VCC = 15 V, See Figure 
12) 


N1(Xn 
)(12 


n 
1 


N 


I 
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FIGURE 
8 - 
EMITTER 
FOLLOWER 
CONFIGURATION 
OUTPUT 
SATURATION 
VOLTAGE 
versus 
EMITTER 
CURRENT 
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OUTPUT 
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VOLTAGE 
versus 
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FIGURE 
19 - 
OUTPUT 
CONNECTIONS 
FOR SINGLE-ENDED 
AND 
PUSH-PULL 
CONFIGURATIONS 
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47 
1N4934 
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TEST 
CONDITIONS 
RESULTS 


Line Regulation 
Vin 
= 
10 V to 40 V 
14 mV 
0.28% 


Load 
Regulation 
Vin 
~ 
28 V, 10 ~ 
1 mA to I A 
3.0 mV 
0.06% 


Output 
Ripple 
Vin = 28 V. 10 ~ 
1.0 A 
65 mV 
P-P 
P.A.R.D. 


Short 
Circuit 
Current 
Vin 
~ 
28 V. RL ~ O.I II 
1.6 amps 


Efficiency 
Vin 
~ 28 V, 10 ~ 
1 A 
71% 


47 
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47 k 


12 
0.1 


VCC 
Cl 
C2 
3 
1M 
Comp 
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14 
VREF 
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TEST 
CONDITIONS 
RESULTS 


Line Regulation 
Vin 
: 
8.0 to 40 V 
3.0 mV 
0.01% 


Load 
Regulation 
Vin 
: 
12.6 V. 10 : 
0.2 to 200 mA 
5.0 mV 
0.02% 


Output 
Ripple 
Vin 
: 
12.6 V. 10 : 
200 mA 
40 mV 
pop 
PAR.D. 


Shon 
Circuit 
Current 
Vin 
: 
12.6 V. RL : 
0.1 II 
250 mA 


Efficiency 
Vin 
: 
12.6 V. 10 : 
200 mA 
72%, 


• 


• 


® MOTOROLA 


This family 
of precision 
fixed voltage 
regulators 
are monolithic 
integrated 
circuits 
capable 
of driving 
loads 
in excess 
of 1.5 am- 
peres. 
Innovative 
design 
concepts. 
coupled 
with 
advanced 
ther- 
mal 
layout 
techniques 
has resulted 
in improved 
accuracy 
and 
excellent 
load, line and thermal 
regulation 
characteristics. 
Internal 
current 
limiting, 
thermal 
shutdown 
and safe-area 
compensation 
are employed, 
making 
these 
devices 
extremely 
rugged 
and vir- 
tually 
immune 
to overload. 


• 
::!:1% Output 
Voltage 
Tolerance 
@ 2S'C 


• 
::!:2% Output 
Voltage 
Tolerance 
Over 
Full Operating 
Temper- 
ature 
Range 


• 
Internal 
Short-Circuit 
Current 
Limiting 


• 
Internal 
Thermal 
Overload 
Protection 


• 
Output 
Transistor 
Safe-Area 
Compensation 


• 
No External 
Components 
Required 


• 
Pinout 
Compatible 
with 
MC7800 Series 


Input 


16 k 


100 


200 


10 
300 
pF 


13 
0.12 


SO 
200 
Output 


TL780 
Series 


THREE-TERMINAL 
POSITIVE AXED 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


KC SUFFIX 
PLASTIC PACKAGE 
CASE 221A-04 


Pin 1. Input 
2. Ground 
3. Output 


Input ffiL780 
Output 


Cin· 
CO·· 
0.33 I"F 
0.22 I"F 


A common 
ground 
is required 
between 
the 
input and the output voltages. The input volt- 
age must remain typically 
2.0 V above the 
output voltage even during the low point on 
the input ripple voltage. 


XX = these two digits of the type number 
indicate voltage. 


• = Cin is required 
if regulator 
is located 
an 
appreciable 
distance 
from 
power 
supply filter. 


•• ~ Co is not needed for stability; 
how- 


ever. 
it 
does 
improve 
transient 
re- 
sponse. 


Nominal 
Output 
Voltaga 
Device 


5.0 V 
TL7SO-QSCKC 
12 V 
TL7SO-12CKC 
15 V 
TL780-15CKC 


Rating 
Symbol 
Value 
Unit 


Input 
Voltage 
Vin 
35 
Vdc 


Power 
Dissipation 
and Thermal 
Characteristics 


TA = 
+25·C 
PD 
2.0 
Watts 
Derate 
above 
T A = 
+25·C 
118JA 
16 
mWrC 
Thermal 
Resistance, 
Junction 
to Air 
8JA 
62.5 
·CIW 


TC = 
+25·C 
PD 
15 
Watts 


Derate 
above 
T C = 
+ 75·C (See 
Figure 
1) 
18JC 
200 
mwrc 


Thermal 
Resistance, 
Junction 
to Case 
8JC 
5.0 
·CIW 


Operating 
Junction 
Temperature 
Range 
TJ 
o to 
+ 150 
·C 


Storage 
Temperature 
Range 
Tsta 
-65 
to 
+ 150 
·C 


TL780-05C 
ELECTRICAL CHARACTERISTICS 
(Vin 
= 
10 V, 10 = 
500 mA, 
O·C " 
TJ " 
+ 125·C unless 
otherwise 
noted 
[Note 
11) 


TL780-05C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
Va 
V 


5.0 mA" 
10 " 
1.0 A, P " 
15 W 


7.0 V " 
Vin 
" 
20 V 
TJ = 
+25·C 
4.95 
5.0 
5.05 


O·C " 
TJ " 
+ 125·C 
4.90 
- 
5.10 


Line 
Aegulation 
(T J = + 25·CI 
Aegline 
mV 


7.0 V " 
Vin 
" 
25 V 
- 
0.5 
5.0 


8.0 V " 
Vin 
" 
12 V 
- 
0.5 
5.0 


Load 
Aegulation 
(TJ = 
+ 25·CI 
Aegload 
mV 


5.0 mA 
" 
10 " 
1.5 A 
- 
4.0 
25 


250 mA 
" 
10 " 
750 mA 
- 
1.5 
15 


Aipple 
Aejection 
AA 
70 
80 
- 
d8 


8.0 V " 
Vin 
" 
18 V, I = 120 Hz 


Output 
Aesistance 
(I = 
1.0 kHz) 
ro 
- 
0.0035 
- 
l! 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
0.06 
- 
mV 
C 


10 = 5.0 mA 


Output 
Noise 
Voltage 
(TJ = 
+ 25·CI 
Vn 
- 
75 
- 
MV 


10 Hz " 
I " 
100 kHz 


Dropout 
Voltage 
(TJ = 
+ 25·C) 
Vin-VO 
- 
2.0 
- 
V 


10 = 
1.0A 


8ias 
Current 
(T J = 
+ 25·CI 
18 
- 
3.5 
8.0 
mA 


Bias Current 
Change 
:>18 
mA 


7.0 V " 
Vin 
" 
25 V, 10 = 500 mA 
- 
0.7 
1.3 


5.0 mA" 
10 " 
1.0 A, Vin = 10 V 
- 
0.03 
0.5 


Short-Circuit 
Output 
Current 
(TJ = 
+ 25·C) 
Isc 
- 
200 
- 
mA 


Vin = 35 V 


Peak Output 
Current 
(TJ = 
+ 25·CI 
Ip 
- 
2.2 
- 
A 


TL780-12C 
ELECTRICAL CHARACTERISTICS 
(Vin 
19 V, 10 = 
500 mA, 
O·C " 
TJ " 
+ 125·C unless 
otherwise 
noted 
(Note 
lJ) 


TL780-12C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
Va 
V 


5.0 mA 
" 
10 " 
1.0 A, P " 
15 W 


14.5 V " 
Vin 
" 
27 V 
TJ = 
+25·C 
11.88 
12 
12.12 
O·C" 
TJ " 
+ 125·C 
11.76 
- 
12.24 


Line 
Aegulation 
(TJ = 
+ 25·CI 
Aegline 
mV 


14.5 V " 
Vin 
" 
30 
- 
1.2 
12 


16 V" 
Vin 
" 
22 
- 
1.2 
12 


II 


II 


TL780·12C 
(continued) 


ELECTRICAL 
CHARACTERISTICS 
IVin 
= 19 V, 10 = 500 mA, 
O'C " 
TJ " 
+ 125'C 
unless 
otherwise 
noted 
INote 
111 


TL780-12C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Load 
Regulation 
IT J ~ 
+ 25'C) 
Regload 
mV 


5.0 mA" 
10" 
1.5 A 
- 
6.5 
60 


250 mA 
" 
10 " 
750 mA 
- 
2.5 
36 


Ripple 
Rejection 
RR 
65 
77 
- 
dB 


15V" 
Vin" 
25V,I 
= 
120 Hz 


Output 
Resistance 
(I ~ 
1.0 kHz) 
ro 
- 
0.0035 
- 
n 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
0,15 
- 
mvrc 


10 ~ 
5.0 mA 


Output 
Noise 
Voltage 
IT J = 
+ 25'C) 
Vn 
- 
180 
- 
!'-V 
10Hz" 
I " 
100 kHz 


Dropout 
Voltage 
IT J = 
+ 25'C) 
Vin-VO 
- 
2.0 
- 
V 
10 ~ 
1.0 A 


Bias Current 
IT J = 
+25'CI 
IB 
- 
3.5 
8.0 
mA 


Bias Current 
Change 
~18 
mA 


14.5 V " 
Vin 
" 
30 V, 10 ~ 
500 mA 
- 
0.4 
1.3 


5.0 mA" 
10" 
1.0 A, Vin = 
19 V 
- 
0.03 
0.5 


Short-Circuit 
Output 
Current 
IT J ~ 
+ 25'CI 
Isc 
- 
200 
- 
mA 


Vin = 35 V 


Peak Output 
Current 
IT J = 
+ 25'C) 
Ip 
- 
2.2 
- 
A 


TL780·15C 


ELECTRICAL 
CHARACTERISTICS 
IVin 
~ 
23 V, 10 = 500 mA, 
O'C" 
TJ " 
+ 125'C 
unless 
otherwise 
noted 
INote 
111 


TL780-15C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
Va 
V 


5.0 mA" 
10 " 
1.0 A, P" 
15 W 


17.5 V " 
Vin 
" 
30 V 
TJ = 
+25'C 
14.85 
15 
15.15 


O'C " 
TJ " 
+ 125'C 
14.70 
- 
15.30 


Line 
Regulation 
IT J = 
+ 25'CI 
Regline 
mV 


17.5 V " 
Vin 
" 
30 V 
- 
1.5 
15 


20 V " 
Vin 
" 
26 V 
- 
1.5 
15 


Load 
Regulation 
IT J = 
+ 25'C) 
Regload 
mV 


5.0 mA 
" 
10 " 
1.5 A 
- 
7.0 
75 


250 mA 
" 
10 " 
750 mA 
- 
2.5 
45 


Ripple 
Rejection 
RR 
60 
75 
- 
dB 


18.5 V " 
Vin 
" 
28.5 V, I = 120 Hz 


Output 
Resistance 
II = 1.0 kHz) 
ro 
- 
0.0035 
- 
n 


Average 
Temperature 
Coefficient 
of Output 
Voltage 
TCVO 
- 
0.18 
- 
mvrc 


10 = 5.0 mA 


Output 
Noise 
Voltage 
IT J = 
+ 25'CI 
Vn 
- 
225 
- 
!'-V 
10Hz" 
I " 
100 kHz 


Dropout 
Voltage 
IT J = 
+ 25'C) 
Vin-VO 
- 
2.0 
'- 
V 
10 ~ 
1.0 A 


Bias Current 
(T J = 
+ 25'CI 
IB 
- 
3.6 
8,0 
mA 


Bias Current 
Change 
"IB 
mA 


17.5 V " 
Vin 
" 
30 V, 10 = 500 mA 
- 
0.4 
1.3 


5.0 mA 
" 
10 " 
1.0 A, Vin = 23 V 
- 
0.02 
0.5 


Short-Circuit 
Output 
Current 
(TJ 
~ 
+ 25'CI 
Isc 
- 
200 
- 
mA 
Vin = 35 V 


Peak Output 
Current 
IT J ~ 
+ 25'C) 
Ip 
- 
2,2 
- 
A 


VOLTAGE REGULATOR PERFORMANCE 


The 
performance 
of a voltage 
regulator 
is specified 
by its 
immunity 
to changes 
in load, input voltage, 
power 
dissipation, 


and 
temperature. 
Line and 
load 
regulation 
are tested 
with 
a 
pulse 
of short 
duration 
« 
100/,5) 
and are strictly 
a function 
of electrical 
gain. 
However, 
pulse 
widths 
of longer 
duration 


(> 1.0 ms) are sufficient 
to affect temperature 
gradients 
across 
the 
die. These 
temperature 
gradients 
can cause 
a change 
in 


the output 
voltage, 
in addition 
to changes 
caused 
by line and 
load 
regulation. 
Longer 
pulse 
widths 
and 
thermal 
gradients 
make 
it desirable 
to specify 
thermal 
regulation. 
Thermal 
regulation 
is defined 
as the change 
in output 
volt- 
age 
caused 
by a change 
in dissipated 
power 
for a specified 
time, 
and is expressed 
as a percentage 
output 
voltage 
change 


per watt. 
The change 
in dissipated 
power 
can be caused 
by a 
change 
in either the input voltage 
or the load current. 
Thermal 
regulation 
is a function 
of I.e. layout 
and die attach techniques, 
and 
usually 
occurs 
within 
10 ms of a change 
in power 
dissi- 
pation. 
After 
10 ms, additional 
changes 
in the output 
voltage 
are due to the temperature 
coefficient 
of the device. 


Figure 
1 shows 
the line and thermal 
regulation 
response 
of 
a typical 
TL7BO-05C to a 10 watt 
input 
pulse. 
The variation 
of 
the output 
voltage 
due to line regulation 
is labeled 
<Dand the 
thermal 
regulation 
component 
is labeled 
<V. Figure 
2 shows 
the load 
and thermal 
regulation 
response 
of a typical 
TL7BO- 
05C to a 15 watt 
load pulse. 
The output 
voltage 
variation 
due 
to load regulation 
is labeled 
<Dand the thermal 
regulation 
com- 


ponent 
is labeled 
<2>. 
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MOTOROLA 


The UC3842A, UC3843A series are high performance 
fixed fre- 
quency current mode controllers. 
They are specifically 
designed 
for 
Off-Line 
and DC-to-DC converter 
applications 
offering 
the 
designer a cost effective solution 
with minimal 
external compo- 
nents. These integrated 
circuits feature a trimmed 
oscillator 
for 
precise duty cycle control, a temperature 
compensated 
reference, 
high gain error amplifier, 
current sensing comparator, 
and a high 
current 
totem 
pole 
output 
ideally 
suited 
for 
driving 
a power 
MOSFET. 
Also included 
are protective 
features 
consisting 
of input and 
reference 
undervoltage 
lockouts 
each with 
hysteresis, cycle-by- 


cycle current limiting, 
programmable 
output deadtime, and a latch 
for single pulse metering. 


These devices are available 
in 8-pin dual-in-line 
ceramic 
and 
plastic 
packages 
as well 
as the 
14-pin 
plastic 
surface 
mount 
(SO-14). The SO-14 package 
has separate 
power 
and ground 
pins for the totem 
pole output 
stage. 


The UCX842A has UVLO thresholds 
of 16 V (on) and 10 V (off), 


ideally suited for off-line converters. 
The UCX843A is tailored for 
lower voltage applications 
having UVLO thresholds 
of 8.5 V (on) 
and 7.6 V (off). 


• 
Trimmed 
Oscillator 
Discharge Current for Precise Duty Cycle 
Control 


• 
Current Mode Operation to 500 kHz 


• 
Automatic 
Feed Forward Compensation 


• 
Latching PWM for Cycle-By-Cycle Current Limiting 


• 
Internally 
Trimmed 
Reference with Undervoltage 
Lockout 


• 
High Current Totem Pole Output 


• 
Undervoltage 
Lockout with Hysteresis 


• 
Low Start-Up and Operating Current 


• 
Direct Interface with Motorola 
SENSEFET Products 


vcc 
,---------- 


v". I 


8114) I 


Voltage 


Feedback 


Input 
2(3) 


Output! 
Amplifier 
Current 


Compensation 
£: 
3(5) Sense 
111IL 
-=- 
...J 
Input 


Gnd 
~9J 


Pin numbers 
adjacent 10 terminals 
are for the 8-pin dual-in-line 
package. 


Pin numbers 
in parenthesis 
are for the 0 suffix 50·14 
package. 


vv•••• 
~ •••.• 
,"T..,.•.• 
UC2842A,43A 


HIGH PERFORMANCE 
CURRENT 
MODE 
CONTROLLER 


SILICON MONOlITHIC 
INTEGRATED CIRCUIT 


NsUFAX 
~ 
PLASTIC 
PACKAGE 
CASE 
626-05 
8 


~ 


JsUF~X 
8 
CERAMIC 
PACKAGE 
CASE 
693-02 
1 


o SUFFIX 
# 
PLASTIC 
PACKAGE 
14 
••••.•. 
CASE 
751A-02 
50-14 


Compensation 
[]B 
Vref 
Voltage Feedback 
7 VCC 


Current Sense 3 
6 
Output 


RTICT 4 
5 
Gnd 


(Top 
View) 


Compensation 
1 0 
~ 
Vre! 
NC 
2 
3 NC 


Voltage 
Feedback 
3 
2 VCC 
NC 4 
11 Vc 


Current 
Sense 
~ 
~ 


Output 


NC~ 
~ 
Gnd 


RTICT 7 
Power 
Ground 


(Top 
View) 


ORDERING 
INFORMATION 


Temperature 
Device 
Renge 
Peckege 


UC3842AD 
50-14 
Plastic 
DIP 


UC3843AD 
50-14 
Plastic 
DIP 
o to 
+70°C 
UC3842AN 
Plastic 
DIP 


UC3843AN 
Plastic 
DIP 


UC2842AD 
50-14 
Plastic 
DIP 


UC2843AD 
50-14 
Plastic 
DIP 


UC2842AJ 
Ceramic 
DIP 


-25 
to 
+85°C 
UC2843AJ 
Ceramic 
DIP 


UC2842AN 
Plastic 
DIP 


UC2843AN 
Plastic 
DIP 


Rating 
Symbol 
Value 
Unit 


Total 
Power 
Supply 
and 
Zener 
Current 
(lCC+IZ! 
30 
mA 


Output 
Current, 
Source 
or Sink 
INote 
1) 
10 
1.0 
A 


Output 
Energy 
(Capacitive 
Load 
per Cycle! 
W 
5.0 
p.J 


Current 
Sense 
and Voltage 
Feedback 
Inputs 
Vin 
-0.3 
to 
+5.5 
V 


Error 
Amp 
Output 
Sink 
Current 
10 
10 
mA 


Power 
Dissipation 
and Thermal 
Characteristics 
o Suffix, 
Plastic 
Package 
Maximum 
Power 
Dissipation 
@ TA = 25'C 
Po 
862 
mW 


Thermal 
Resistance 
Junction 
to Air 
R8JA 
145 
'c/w 


N Suffix, 
Plastic 
Package 
and 
J Suffix, 
Ceramic 
Package 
Maximum 
Power 
Dissipation 
@ TA 
~ 
25'C 
Po 
1.25 
W 


Thermal 
Resistance 
Junction 
to Air 
R8JA 
100 
'CIW 


Operating 
Junction 
Temperature 
TJ 
+150 
'c 


Operating 
Ambient 
Temperature 
TA 
'c 


UC3842A, 
UC3843A 
o to 
+ 70 


UC2842A, 
UC2843A 
-25to 
+85 


Storage 
Temperature 
Range 
Tstg 
-65 
to 
+ 150 
'c 


ELECTRICAL 
CHARACTERISTICS 
(VCC 
~ 
15 V [Note 
21, RT = 10 k, CT = 3.3 nF, TA = Tlow 
to Thigh 


[Note 
31 unless 
otherwise 
noted! 


Relerence 
Output 
Voltage 
(10 ~ 
1.0 mA, 
TJ ~ 
25'C) 
Vrel 
4.95 
5.0 
5.05 
4.9 
5.0 
5.1 
V 


Line 
Regulation 
IVcC 
= 12 V to 25 V) 
Regline 
- 
2.0 
20 
- 
2.0 
20 
mV 


Load 
Regulation 
(10 = 1.0 mA 
to 20 mAl 
Regload 
- 
3.0 
25 
- 
3.0 
25 
mV 


Temperature 
Stability 
TS 
- 
0.2 
- 
- 
0.2 
- 
mVrC 


Total 
Output 
Variation 
over 
Line. load. 
and Temperature 
Vrel 
4.9 
- 
5.1 
4.82 
- 
5.18 
V 


Output 
Noise 
Voltage 
(I = 10 Hz to 10 kHz, TJ = 25'C) 
Vn 
- 
50 
- 
- 
50 
- 
p.V 


Long 
Term 
Stability 
ITA 
~ 
125'C 
lor 
1000 Hours) 
S 
- 
5.0 
- 
- 
5.0 
- 
mV 


Output 
Short 
Circuit 
Current 
ISC 
-30 
-85 
-180 
-30 
-85 
-180 
mA 


Frequency 
10SC 
kHz 


TJ = 25'C 
47 
52 
57 
47 
52 
57 


TA = Tlow 
to Thiah 
46 
- 
60 
46 
- 
60 


Frequency 
Change 
with 
Voltage 
(VCC = 12Vt025V! 
<lIOSC/<lV 
- 
0.2 
1.0 
- 
0.2 
1.0 
% 


Frequency 
Change 
with 
Temperature 
<lIOSC/<lT 
- 
5.0 
- 
- 
5.0 
- 
% 


TA = Tlow 
to Thiah 


Oscillator 
Voltage 
Swing 
IPeak-to-Peak! 
VOSC 
- 
1.6 
- 
- 
1.6 
- 
V 


Discharge 
Current 
(VOSC 
~ 
2.0 V) 
Idischg 
mA 
TJ = 25'C 
7.5 
8.4 
9.3 
7.5 
8.4 
9.3 


TA = Tlow 
ta Thiah 
7.2 
- 
9.5 
7.2 
- 
9.5 


Notes: 
1. Maximum 
Package 
power 
dissipation 
limits 
must 
be observed. 


2. Adjust 
VCC 
above 
the 
Start-Up 
threshold 
before 
sening 
to 15 V. 


3. Low 
duty 
cycle 
pulse 
techniques 
are 
used 
during 
test 
to maintain 
junction 
temperature 
as close 
to ambient 
as possible. 


Tlow ~ 
OOCfor UC3842A, UC3843A 
Thigh: 
+ 70'C for UC3842A, UC3843A 


= 
- 25'C for UC2842A. UC2843A 
= 
+ 85'C for UC2842A, UC2843A 


4. This 
parameter 
is measured 
at the 
latch 
trip 
point 
with 
VFB 
"'" 0 v. 


5. Comparator 
gain 
is defined 
as: 
AV 
"" t1V Output/Compensation 


t1V Current 
Sense 
Input 


•• 


ELECTRICAL 
CHARACTERISTICS 
(VCC = 15 V (Note 2], RT = 10 k, CT ~ 3.3 nF, TA ~ Tlow to Thigh 
(Note 3) unless otherwise noted) 


Voltage Feedback Input (VO = 2.5 V) 
VFB 
2.45 
2.5 
2.55 
2.42 
2.5 
2.58 
V 


Input Bias Current (VFB = 5.0 V) 
liB 
- 
-0.1 
-1.0 
- 
-0.1 
-2.0 
p.A 


Open-Loop Voltage Gain (VO = 2.0 V to 4.0 V) 
AVOL 
65 
90 
- 
65 
90 
- 
dB 


Unity Gain Bandwidth (TJ = 25"CI 
BW 
0.7 
1.0 
- 
0.7 
1.0 
- 
MHz 


Power Supply Rejection Ratio (VCC ~ 12 V to 25 V) 
PSRR 
60 
70 
- 
60 
70 
- 
dB 


Output Current 
mA 
Sink (VO = 1.1 V, VFB ~ 2.7 V) 
ISink 
2.0 
12 
- 
2.0 
12 
- 
Source (VO = 5.0 V, VFB ~ 2.3 VI 
ISource 
-0.5 
-1.0 
- 
-0.5 
-1.0 
- 


Output Voltage Swing 
V 
High State (RL = 15 k to ground, VFB = 2.3 V) 
VOH 
5.0 
6.2 
- 
5.0 
6.2 
- 
Low State (RL = 15 k to Vref, VFB ~ 2.7 VI 
VOL 
- 
0.8 
1.1 
- 
0.8 
1.1 


Current Sense Input Voltage Gain (Notes 4 & 5) 
AV 
2.85 
3.0 
3.15 
2.85 
3.0 
3.15 
VN 


Maximum Current Sense Input Threshold (Note 4) 
Vth 
0.9 
1.0 
1.1 
0.9 
1.0 
1.1 
V 


Power Supply Rejection Ratio 
PSRR 
- 
70 
- 
- 
70 
- 
dB 
VCC = 12 V to 25 V, Note 4 


Input Bias Current 
liB 
- 
-2.0 
-10 
- 
-2.0 
-10 
p.A 


Propagation Delay (Current Sense Input to Output) 
tPLH(IN/OUT) - 
150 
300 
- 
150 
300 
ns 


Output Voltage 
V 
Low State (lSink = 20 mAl 
VOL 
- 
0.1 
0.4 
- 
0.1 
0.4 
(lSink ~ 200 mAl 
- 
1.6 
2.2 
- 
1.6 
2.2 
High State (lSource = 20 mAl 
VOH 
13 
13.5 
- 
13 
13.5 
- 
(lSource = 200 mAl 
12 
13.4 
- 
12 
13.4 
- 


Output Voltage with UVLO Activated 
VOL(UVLO) 
- 
0.1 
1.1 
- 
0.1 
1.1 
V 
VCC = 6.0 V, ISink = 1.0 mA 


Output Voltage Rise Time (CL = 1.0 nF, TJ = 25"C) 
tr 
- 
50 
150 
- 
50 
150 
ns 


Output Voltage Fall Time (CL = 1.0 nF, TJ ~ 25"C) 
tf 
- 
50 
150 
- 
50 
150 
ns 


Start-Up Threshold 
Vth 
V 
UCX842A 
15 
16 
17 
14.5 
16 
17.5 
UCX843A 
7.8 
8.4 
9.0 
7.8 
8.4 
9.0 


Minimum 
Operating Voltage After Turn-On 
VCC(min) 
V 
UCX842A 
9.0 
10 
11 
8.5 
10 
11.5 
UCX843A 
7.0 
7.6 
8.2 
7.0 
7.6 
8.2 


PWM SECTION 


Duty Cycle 
Maximum 
Minimum 


Power Supply Current 
ICC 
mA 
Start-Up 
- 
0.5 
1.0 
- 
0.5 
1.0 
(Vce = 6.5 V for UeX843A, 14 V for UeX842A) 
Operating (Note 2) 
- 
12 
17 
- 
12 
17 


Power Supply Zener Voltage (Ice = 25 mAl 
Vz 
30 
36 
- 
30 
36 
- 
V 


'J 
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VCC, SUPPLY VOLTAGE IVI 


Pin No. 
Function 
Description 


B-Pin 
14-Pin 


1 
1 
Compensation 
This pin is the Error Amplifier 
output 
and is made available for loop 
compensation. 


2 
3 
Voltage Feedback 
This is the inverting 
input of the Error Amplifier. 
It is normally 
connected to the switching 
power supply output through 
a resistor 
divider. 


3 
5 
Current Sense 
A voltage 
proportional 
to inductor 
current 
is connected to this input. 


The PWM uses this information 
to terminate 
the output 
switch 
conduction. 


4 
7 
RT/CT 
The Oscillator 
frequency 
and maximum 
Output duty cycle are 
programmed 
by connecting 
resistor RT to Vref and capacitor 
CT to 
ground. 
Operation 
to 500 kHz is possible. 


5 
- 
Gnd 
This pin is the combined 
control 
circuitry 
and power ground 
(B-pin 
package only). 


6 
10 
Output 
This output 
directly 
drives the gate of a power MOSFET. Peak currents 
up to 1.0 A are sourced and sinked by this pin. 


7 
12 
VCC 
This pin is the positive supply of the control 
IC. 


B 
14 
Vref 
This is the reference output. 
It provides charging 
current for capacitor 
CT through 
resistor RT 


- 
B 
Power Ground 
This pin is a separate power ground 
return (14-pin package only) that 
is connected 
back to the power source. It is used to reduce the effects 
of switching 
transient 
noise on the control 
circuitry. 


- 
11 
Vc 
The Output high state (VOH) is set by the voltage 
applied to this pin 
(14-pin package only). With a separate power source connection, 
it can 
reduce the effects of switching 
transient 
noise on the control 
circuitry. 


- 
9 
Gnd 
This pin is the control 
circuitry 
ground 
return (14-pin package only) and 
is connected 
back to the power source ground. 


- 
2,4,6,13 
NC 
No connection 
(14-pin package only). These pins are not internally 
connected. 


OPERATING DESCRIPTION 
The UC3842A, UC3843A series are high performance, 
fixed 
frequency, 
current mode 
controllers. 
They 
are 
specifically 
designed 
for 
Off-Line 
and DC-to-DC con- 
verter applications 
offering the designer a cost effective 
solution 
with 
minimal 
external 
components. 
A repre- 
sentative 
block diagram 
is shown in Figure 17. 


Oscillator 
The oscillator frequency is programmed 
by the values 
selected for the timing 
components 
RT and CT Capac- 
itor CT is charged 
from 
the 5.0 V reference 
through 
resistor 
RT to approximately 
2.B V and discharged 
to 
1.2 V by an internal current sink. During the discharge 
of CT, the oscillator generates an internal blanking pulse 
that holds the center input of the NOR gate high. This 
causes the Output to be in a low state, thus producing 
a controlled 
amount of output deadtime. Figure 1 shows 
RT versus 
Oscillator 
Frequency 
and Figure 2, Output 
Deadtime 
versus 
Frequency, 
both for given values of 
CT. Note that many values of RT and CT will give the 
same oscillator frequency but only one combination 
will 
yield a specific output 
deadtime 
at a given frequency. 


The oscillator 
thresholds 
are temperature 
compen- 
sated, and the discharge 
current 
is trimmed 
and guar- 
anteed to within 
~ 10% at TJ = 25°C. These internal 
circuit refinements 
minimize variations 
of oscillator 
fre- 
quency 
and maximum 
output 
duty cycle. The results 
are shown 
in Figures 3 and 4. 


In many noise sensitive applications 
it may be desir- 


able to frequency-lock 
the converter to an external sys- 


tem clock. This can be accomplished 
by applying a clock 
signal 
to the circuit 
shown 
in Figure 20. For reliable 
locking, the free-running 
oscillator frequency 
should be 
set about 10% less than the clock frequency. 
A method 
for multi unit synchronization 
is shown in Figure 21. By 
tailoring 
the clock waveform, 
accurate Output duty cycle 
clamping 
can be achieved. 


Error Amplifier 
A fully 
compensated 
Error Amplifier 
with 
access to 
the inverting 
input and output 
is provided. 
It features 
a typical 
DC voltage 
gain of 90 dB, and a unity 
gain 
bandwidth 
of 1.0 MHz with 
57 degrees of phase mar- 
gin 
(Figure 
7). The non-inverting 
input 
is internally 
biased at 2.5 V and is not pinned 
out. The converter 
output 
voltage 
is typically 
divided 
down 
and moni- 
tored by the inverting 
input. The maximum 
input bias 
current 
is - 2.0 jJ.Awhich can cause an output 
voltage 
error 
that 
is equal 
to the 
product 
of the input 
bias 
current 
and 
the 
equivalent 
input 
divider 
source 
resistance. 


The Error Amp Output (Pin 1) is provided for external 


loop compensation 
(Figure 31). The output 
voltage 
is 
offset by two diode drops (=1.4 V) and divided by three 
before it connects to the inverting 
input of the Current 
Sense Comparator. This guarantees that no drive pulses 
appear at the Output (Pin 6) when pin 1 is at its lowest 


state (VoLl. This occurs when the power supply is oper- 
ating and the load is removed, or at the beginning 
of a 
soft-start 
interval 
(Figures 23, 24). The Error Amp min- 
imum feedback resistance 
is limited 
by the amplifier's 
source current (0.5 mAl and the required output voltage 
(VOH) to reach the comparator's 
1.0 V clamp level: 


R 
_3.0(1.0V) 
+ 1.4V 
- 
BBoon 


f(MIN) - 
0.5 mA 
- 


Current 
Sense Comparator 
and PWM Latch 
The UC3B42A, UC3B43A operate 
as a current 
mode 
controller, 
whereby 
output 
switch 
conduction 
is ini- 
tiated 
by the oscillator 
and terminated 
when the peak 
inductor 
current 
reaches 
the threshold 
level 
estab- 


lished 
by the 
Error 
Amplifier 
Output/Compensation 
(Pin 1). Thus the error signal controls 
the peak induc- 
tor 
current 
on 
a cycle-by-cycle 
basis. 
The 
Current 
Sense 
Comparator 
PWM 
Latch 
configuration 
used 
ensures that only a single pulse appears at the Output 
during 
any given oscillator 
cycle. The inductor 
current 


is converted 
to a voltage 
by inserting 
the ground 
ref- 


erenced sense resistor 
RS in series with the source of 


output 
switch 
01. This voltage 
is monitored 
by the 
Current 
Sense 
Input 
(Pin 3) and 
compared 
a level 
derived from the Error Amp Output. The peak inductor 
current 
under 
normal 
operating 
conditions 
is con- 


trolled 
by the voltage 
at pin 1 where: 


I 
_ VePin 1) - 
1.4V 
pk - 
3 RS 


Abnormal 
operating 
conditions 
occur when the power 
supply output is overloaded 
or if output voltage sensing 
is lost. Under these conditions, 
the Current Sense Com- 
parator 
threshold 
will 
be internally 
clamped 
to 1.0 V. 


Therefore 
the maximum 
peak switch current 
is: 


1.0 V 
Ipk(max) = AS 


When 
designing 
a high 
power 
switching 
regulator 
it 
becomes desirable to reduce the internal clamp voltage 
in order to keep the power dissipation 
of RS to a rea- 


sonable 
level. A simple 
method 
to adjust this voltage 
is shown in Figure 22. The two external diodes are used 
to compensate 
the internal 
diodes yielding 
a constant 
clamp voltage 
over temperature. 
Erratic operation 
due 
to noise pickup can result if there is an excessive reduc- 
tion of the 'pk(max) clamp voltage. 


A narrow 
spike on the leading 
edge of the current 
waveform 
can usually be observed 
and may cause the 
power supply to exhibit 
an instability 
when the output 
is lightly 
loaded. This spike is due to the power trans- 
former 
interwinding 
capacitance 
and output 
rectifier 
recovery time. The addition of an RCfilter on the Current 
Sense Input with a time constant that approximates 
the 
spike duration will usually eliminate the instability; 
refer 
to Figure 26. 
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Undervoltage 
Lockout 
Two 
undervoltage 
lockout 
comparators 
have been 
incorporated 
to guarantee 
that the Ie is fully functional 
before the output 
stage is enabled. The positive 
power 
supply 
terminal 
(Vee) 
and the reference 
output 
(Vref) 
are each monitored 
by separate comparators. 
Each has 
built-in 
hysteresis 
to prevent erratic output 
behavior 
as 


their respective 
thresholds 
are crossed. The Vee com- 


parator 
upper and lower 
thresholds 
are 16 V/10 V for 
the UeX842A. 
and 8.4 Vn.6 
V for the UeX843A. 
The 
Vref comparator 
upper and lower thresholds 
are 3.6 VI 


3.4 V. The large hysteresis 
and low start-up 
current 
of 
the UeX842A makes it ideally suited in off-line converter 
applications 
where 
efficient 
bootstrap 
start-up 
tech- 


niques 
are required 
(Figure 
33). The 
UCX843A 
is 
intended 
for lower voltage 
DC to DC converter 
appli- 
cations. A 36 V zener is connected as a shunt regulator 
from 
VCC to ground. 
Its purpose 
is to protect the IC 
from 
excessive voltage 
that can occur during 
system 


start-up. 
The 
minimum 
operating 
voltage 
for 
the 
UCX842A is 11 V and 8.2 V for the UCX843A. 


Output 
These devices 
contain 
a single 
totem pole 
output 
stage that was specifically 
designed for direct drive of 


power 
MOSFET's. It is capable of up to ± 1.0 A peak 
drive current and has a typical rise and fall time of 50 ns 
with a 1.0 nF load. Additional 
internal circuitry 
has been 
added to keep the Output in a sinking mode whenever 
an undervoltage 
lockout 
is active. This characteristic 


eliminates 
the need for an external pull-down 
resistor. 
The 50-14 surface mount package provides separate 


pins for Vc (output supply) and Power Ground. Proper 
implementation 
will 
significantly 
reduce the level of 


switching 
transient 
noise imposed 
on the control 
cir- 


cuitry. This becomes particularly 
useful when reducing 


the Ipk(max) clamp level. The separate Vc supply input 
allows 
the designer 
added flexibility 
in tailoring 
the 


drive 
voltage 
independent 
of VCC' A zener clamp 
is 


typically 
connected 
to this input when driving 
power 


MOSFETs in systems where VCC is greater than 20 V. 
Figure 25 shows proper power and control ground con- 
nections 
in 
a current 
sensing 
power 
MOSFET 


application. 


Reference 


The 5.0 V bandgap 
reference 
is trimmed 
to ± 1.0% 
tolerance at TJ = 25°C on the UC284XA. and ± 2.0% on 
the UC384XA. Its primary purpose is to supply charging 
current to the oscillator 
timing capacitor. The reference 


has short circuit protection 
and is capable of providing 


in excess of 20 mA for powering 
additional 
control sys- 
tem circuitry. 


Design Considerations 
Do not attempt 
to construct 
the converter 
on wire- 
wrap or plug-in 
prototype 
boards. High frequency 
cir- 


cuit layout techniques 
are imperative 
to prevent pulse- 


width 
jitter. This is usually caused by excessive noise 


pick-up imposed on the Current Sense or Voltage Feed- 
back inputs. Noise immunity 
can be improved 
by low- 


ering circuit 
impedances 
at these points. The printed 


circuit layout should contain a ground 
plane with low- 


current 
signal 
and high-current 
switch 
and output 


grounds 
returning 
on separate paths back to the input 


filter capacitor. Ceramic bypass capacitors (0.1 p.F)con- 
nected directly 
to VCC. VC. and Vref may be required 


depending 
upon 
circuit 
layout. 
This provides 
a low 


impedance 
path for filtering 
the high frequency 
noise. 
All high current 
loops should be kept as short as pos- 
sible using heavy copper runs to minimize radiated EMI. 
The Error Amp 
compensation 
circuitry 
and the con- 


verter output voltage divider should be located close to 
the IC and as far as possible from the power switch and 
other noise generating 
components. 


Oscillator 
Period 
I 
'5 


Current 
mode converters 
can exhibit 
subharmonic 
oscillations 
when operating at a duty cycle greater than 
50% with continuous 
inductor 
current. This instability 


is independent 
of the regulators closed loop character- 


istics and is caused by the simultaneous 
operating 
con- 
ditions 
of fixed frequency 
and peak current 
detecting. 


Figure 19A shows the phenomenon 
graphically. 
At to. 


switch conduction 
begins. causing the inductor 
current 
to rise at a slope of ml. 
This slope is a function 
of the 


input voltage divided by the inductance. At tl. the Cur- 
rent Sense Input reaches the threshold 
established 
by 
the control 
voltage. This causes the switch to turn off 
and the current to decay at a slope of m2. until the next 
oscillator 
cycle. The unstable condition 
can be shown 
if a pertubation 
is added to the control voltage. resulting 
in a small III (dashed line). With a fixed oscillator period. 
the current 
decay time 
is reduced. and the minimum 
current 
at switch turn-on 
(t2) is increased by III + III 
m2/ml. 
The minimum 
current 
at the next cycle 
(t3) 
decreases to (Ill + III m2/ml) 
(m2/ml). 
This pertubation 
is multiplied 
by m2/ml 
on each succeeding cycle. alter- 
nately increasing 
and decreasing the inductor 
current 
at switch 
turn-on. 
Several 
oscillator 
cycles 
may 
be 
required before the inductor current reaches zero caus- 
ing the 
process 
to commence 
again. 
If m2/ml 
is 
greather than 1. the converter 
will be unstable. 
Figure 
19B shows that by adding an artificial 
ramp that is syn- 
chronized with the PWM clock to the control 
voltage. 


the III pertubation 
will decrease to zero on succeeding 
cycles. This compensating 
ramp (m3) must have a slope 
equal to or slightly 
greater than m2/2 for stability. With 
m2/2 slope compensation. 
the average inductor current 
follows 
the control voltage yielding 
true current mode 
operation. The compensating 
ramp can be derived from 
the oscillator 
and added to either the Voltage Feedback 
or Current Sense inputs (Figure 32). 
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The 
diode 
clamp 
is required 
if the 
Sync 
amplitude 
is large 


enough 
to 
cause 
the 
bottom 
side 
of 
Cr 
10 go 
more 
than 


300 mV below ground. 
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Vil1uallv lossless current sensing can be a<:hieved with the implementation 
of a SENSEFET 
power switch. For proper operation during over current conditions. 8 reduction of the 
Ipk(malll clamp level must be implemented. 
Refer to Figures 22 and 24. 
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The MCR101 SeA must be selected for a holding 
of less than 
0.5 mA at TA{min}' The simple two transistor circuit can be 
used in place of the SeR as shown. All resistors are 10 k. 


Series gate resistor Rg will damp any high frequency parasitic 
oscillations 
caused by the MOSFET input capacitance 
and any 


series wiring inductance in the gate-source circuit. 
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FIGURE 
31 - 
ERROR 
AMPLIFIER 
COMPENSATION 
, 


2.5 V 


2131' 


Error Amp compensation 
circuit for stabilizing any current· 


mode topology 
except for boost and flyback converters 


operating with continuous 
inductor current. 


Error Amp compensation 
circuit for stabilizing current-mode 


boost and lIyback topologies 
operating with continuous 


inductor 
current. 
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T1 - 
Primary: 
45 Turns #26 AWG 
Secondary 
::!: 12 V: 9 Turns #30 AWG (2 strands) Bifiliar Wound 
Secondary 
5.0 V: 4 Turns (six strands) #26 Hexfiliar Wound 
Secondary 
Feedback: 
10 Turns #30 AWG f2 strands) Bifiliar Wound 
Core: Ferroxcube 
EC3S-3C8 
Bobbin: 
Ferroxcube 
EC35PCBl 
Gap: - 
0.10- for a primary 
inductance 
of 1.0 mH 


Line Regulation: 5.0 V 
Vin ~ 95 to 130 Vac 
~ = 50 mV or ±0.5% 
±12 V 
~ ~ 24 mV or ±0.1% 


Load Regulation: 5.0 V 
Vin ~ 115 Vac, lout ~ 1.0 A to 4.0 A 
~ = 300 mV or ±3.0% 


±12 V 
Vin ~ 115 Vac, lout ~ 100 mA to 300 mA 
~ = 60 mV or ±0.25% 


Output Ripple: 5.0 V 
Vin ~ 115 Vac 
40 mVp_p 
±12 V 
80 mVO_D 


Efficiency 
Vin = 115 Vac 
70% 


® MOTOROLA 


Specifications 
and Applications 
Information 


The /LA78S40 is a monolithic-switching 
regulator 
subsystem, 


providing 
all active functions 
necessary for a switching 
regulator 


system. The device consists of a temperature 
compensated 
volt- 


age reference, controlled-duty 
cycle oscillator 
with an active cur- 
rent limit circuit, 
comparator, 
high-current 
and high-voltage 
out- 
put switch, 
capable of 1.5 A and 40 V, pinned-out 
power 
diode 
and an uncommitted 
operational 
amplifier, which can be powered 
up or down 
independent 
of the IC supply. The switching 
output 
can drive external 
NPN or PNP transistors 
when voltages greater 
than 40 V, or currents 
in excess of 1.5 A, are required. 
Some of 
the features are wide-supply 
voltage 
range, low standby current, 


high efficiency 
and low drift. The /LA78S40 is available 
in com- 
mercial (O°Cto + 70°CI, automotive 
( - 40°C to + 85°Cl, and military 
(- 55°C to + 125°C) temperature 
ranges. 
Some of the applications 
include 
use in step-up, 
step-down, 


and inverting 
regulators, 
with extremely 
good results obtained 
in 
battery-operated 
systems. 


• 
Output Adjustable 
from 
1.25 V to 40 V 


• 
Peak Output Current of 1.5 A Without 
External Transistor 


• 
80 dB Line and Load Regulation 


• 
Operation 
from 2.5 V to 40 V Supply 


• 
Low Standby 
Current Drain 


• 
High Gain, High Output Current, Uncommitted 
Op Amp 


Non·lnv 


Input 


9 


5 


VCC 
Op Amp 


pA78S40 


UNIVERSAL 
SWITCHING 
REGULATOR 
SUBSYSTEM 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


o SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620-10 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-06 - 
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EmItter 
3 


Dp Amp 
Output 
4 


VCc 
Op Amp 
5 


Op 
Amp 
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9 
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ORDERING 
INFORMATION 


Temperature 
Device 
Range 
Package 


I'A78S40PC 
O°C to + 70°C 
Plastic 
DIP 


I'A78S40PV 
- 40°C to + 85°C 
Plastic 
DIP 


I'A78S40DC 
O°C to + 70°C 
Ceramic DIP 


I'A78S40DM 
- 55°C to + 125°C 
Ceramic 
DIP 


• 


II 


Rating 
Symbol 
Valua 
Unit 


Power 
Supply 
Voltage 
VCC 
40 
V 


Op Amp 
Power 
Supply 
Voltage 
VCC lap 
Amp) 
40 
V 


Common 
Mode 
Input 
Range 
VICR 
-0.3 
to VCC 
V 
IComparator 
and 
Op Amp) 


Differential 
Input 
Voltage 
(Note 
21 
VID 
",30 
V 


Output 
Short-Circuit 
Duration 
lap 
Amp) 
- 
Continuous 
- 


Reference 
Output 
Current 
Iref 
10 
mA 


Voltage 
from 
Switch 
Collectors 
to Gnd 
- 
40 
V 


Voltage 
from 
Switch 
Emitters 
to Gnd 
- 
40 
V 


Voltage 
from 
Switch 
Collectors 
to Emitter 
- 
40 
V 


Voltage 
from 
Power 
Diode 
to Gnd 
- 
40 
V 


Reverse·Power 
Diode 
Voltage 
VDR 
40 
V 


Current 
through 
Power 
Switch 
ISW 
1.5 
A 


Current 
through 
Power 
Diode 
ID 
1.5 
A 


Power 
Dissipation 
and Thermal 


Characteristics 
Plastic 
Package 
- 
TA = 
+ 25°C 
PD 
1500 
mW 
Derate 
above 
+ 25°C INote 
1) 
lIReJA 
14 
mWrC 
Ceramic 
Package 
- 
TA = 25°C 
PD 
1000 
mW 
Derate 
above 
+ 25°C INote 
1) 
l/ReJA 
8.0 
mWrC 


Storage 
Temperature 
Range 
Tsta 
-65 
to 
+ 150 
'c 


Operating 
Temperature 
Range 
TA 
°c 


!'A78S40M 
-55 
to 
+ 125 


!'A78S40V 
-40 
to 
+85 
!'A78S40C 
o to 
+70 


Notes: 
1. Tlow 
= - 55"C 
for 
/-lA78540DM 
Thigh 
= + 125"C 
for 
p.A78S400M 


= 
- 4O"C for p.A 78S40PV 
= 
+ 85"C for p.A78S40PV 


= O°C for 
p.A78S400C 
and 
/J.A78S40PC 
= 
+ 70"C 
for 
p.A78S40DC 
and 
p.A78S40PC 


2. 
For supply 
voltages 
less 
than 
30 V the 
maximum 
differential 
input 
voltage 
(Error 
Amp 
and 
Op Amp) 
is equal 
to the 
supply 
voltage. 


ELECTRICAL CHARACTERISTICS 
IVCC 
vCC 
lap 
Ampl 


Characteristic 


Supply 
Voltage 
VCC 
25 
- 
40 
V 


Supply 
Current 
(Op Amp 
VCC Disconnectedl 
ICC 
mA 
IVCC 
= 5.0 V) 
- 
1.8 
3.5 
IVCC = 40 V) 
- 
2.3 
5.0 


Supply 
Current 
(Op Amp 
VCC Connectedl 
Ice 
mA 
IVcc 
= 5.0 V) 
- 
- 
4.0 
(VCC 
= 40 VI 
- 
- 
5.5 


Reference 
Voltage 
Vref 
1.180 
1.245 
1.310 
V 
IIref 
~ 
1.0 mAl 


Reference 
Voltage 
Line Regulation 
Regline 
- 
0.04 
0.2 
mVN 
(3.0 V '" VCC '" 40 V, Iref = 1.0 mA, 
TA = 25°CI 


Reference 
Voltage 
Load 
Regulation 
Regload 
- 
0.2 
0.5 
mV/mA 
(1.0 mA 
'" Iref 
'" 
10 mA, 
TA 
= 25°C) 


Charging 
Current 
(TA 
= 25·C) 
Ichg 
p.A 


IVCC 
= 5.0 V) 
20 
- 
50 


(VCC 
= 40 V) 
20 
- 
70 


Discharge 
Current 
ITA 
= 25·C) 
Idis 
p.A 


IVCC 
= 5.0 VI 
150 
- 
250 


IVCC 
= 40 V) 
150 
- 
350 


Oscillator 
Voltage 
Swing 
ITA 
= 
25·CI 
Vosc 
- 
0.5 
- 
V 


IVCC 
= 5.0 V) 


Ratio of Charge/Discharge 
Time 
tcha/tdis 
- 
6.0 
- 
- 


CURRENT 
LIMIT 


Current-Limit 
Sense 
Voltage 
ITA 
= 25·C) 


IVCC 
- 
VI 
k Sense) 


OUTPUT 
SWITCH 


Output 
Saturation 
Voltage 
1 
Vsatl 
- 
0.93 
1.3 
V 


(lSW 
= 1.0 A. Pin 
15 tied 
to Pin 16) 


Output 
Saturation 
Voltage 
2 
Vsat2 
- 
0.5 
0.7 
V 


(lsw 
= 
1.0 A. 115 = 50 mAl 


Output 
Transistor 
Current 
Gain 
(T A 
::0 
25"CI 
hFE 
- 
70 
- 
- 


(lC = 
1.0 A. VCE 
= 5.0 V) 


Output 
Leakage 
Current 
IT A = 25·CI 
ICloffl 
- 
10 
- 
nA 


IVCE 
= 40 VI 


POWER 
DIODE 


Forward 
Voltage 
Drop 
(10 = 1.0 AI 


Diode 
Leakage 
Current 
ITA 
= 25·C) (VDR 
= 40 VI 


COMPARATOR 


Input 
Offset 
Voltage 
IVCM 
= VRefl 
VIO 
- 
1.5 
15 
mV 


Input 
Bias Current 
IVCM 
= VRefl 
liB 
- 
35 
200 
nA 


Input 
Offset 
Current 
IVCM 
= VRef) 
110 
- 
5.0 
75 
nA 


Common-Mode 
Voltage 
Range 
ITA 
= 25·CI 
VICR 
0 
- 
VCC - 2.0 
V 


Power-Supply 
Rejection 
Ratio 
ITA 
= 
25·CI 
PSRR 
70 
96 
- 
dB 


(3.0 
" 
VCC " 
40 V) 


Input 
Offset 
Voltage 
IVCM 
= 2.5 VI 
VIO 
- 
4.0 
15 
mV 


Input 
Bias Current 
IVCM 
= 2.5 VI 
liB 
- 
30 
200 
nA 


Input 
Offset 
Current 
(VCM 
= 
2.5 V) 
110 
- 
5.0 
75 
nA 


Voltage 
Gain 
+ 
(T A = 25·C) 
AVOL+ 
25 
250 
- 
V/mV 


IRL 
= 2.0 kO to Gnd. 
1.0 V" 
Vo 
" 
2.5 V) 


Voltage 
Gain 
- 
(T A = 25·CI 
AVOL- 
25 
250 
- 
V/mV 
(RL = 
2.0 kO to VCC (Op Ampl. 
1.0 V" 
Vo 
" 
2.5 VI 


Common-Mode 
Voltage 
Range 
ITA 
= 25·C) 
VICR 
0 
- 
VCC - 2.0 
V 


Common-Mode 
Rejection 
Ratio 
ITA 
= 25·C) 
CMRR 
76 
100 
- 
dB 
IVCM 
= 0 to 3.0 VI 


Power-Supply 
Rejection 
Ratio 
ITA 
= 25·CI 
PSRR 
76 
100 
- 
dB 


13.0 V " 
VCC lOp 
Ampl 
" 
40 VI 


Output 
Source 
Current 
ITA 
= 
25·CI 
ISource 
75 
150 
- 
mA 


Output 
Sink 
Current 
(TA 
= 25·C) 
ISink 
10 
35 
- 
mA 


Slew 
Rate 
ITA 
= 25·CI 
SR 
- 
0.6 
- 
VII'S 


Output 
Low 
Voltage 
ITA 
= 
25·C. IL = 
- 5.0 mAl 
VOL 
- 
- 
1.0 
V 


Output 
High 
Voltage 
ITA 
= 
25·C. 
IL = 
50 mAl 
VOH 
VCC lOp Amp) 
- 
- 
V 
-3.0 
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FIGURE 3 - 
EMITTER·FOLLOWER 
CONFIGURATION 
OUTPUT 
SWITCH 
SATURATION 
VOLTAGE 
versus 
EMITTER 
CURRENT 
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II 


Calculation 
Step-Down 
Step-Up 
Inverting 


!2n 
Vout • VF 
Vout 
VF 
Vin(mlnl 
Vout 
- VF 
'off 
Vin(min) 
- 
Vsat 
- 
Vout 
Vin(minl 
Vsat 
Vin(min) 
Vsat 


(ton 
- 
toft) 
max 
I 
I 
, 
I 
-- 
-- 
-- 


fmin 
fm,n 
fmin 


Cr 
4 x 10 5 ton 
4 x 10 5ton 
4 x 10 5 ton 


Ipklswitch) 
210ut(max) 
(~) 
(~) 
2 lout(max) 
toft 
2 loullmax) 
toff 


RSC 
0.33 
0.33 
0.33 


Ipklswitch) 
!pk(switch) 
Ipklswitch) 


Llmin) 
(Vin~min) 
- Vsat - Vout)t 
(Vinlmin) 
- VSat)t 
( 
) 
(Vin(min) 
- VSat)t 
J 
Inklswitch) 
onlmaxl 
Ipklswitch) 
on max 
Ipklswitch) 
onlmax 


Co 
Ipklswitch)lton • toffl 
>~ 
>~ 
8 Vrioolelo-o) 
vripple 
••••. 
ripple 


Vsat 
= Saturation 
voltage 
of the output 
switch. 
VF = Forward 
voltage 
drop 
of the nngback 
rectifier 


The following 
power supply characteristics 
must be chosen: 


Vin - 
Nominal input voltage_ If this voltage is not constant, then use Vin(max) for step-down 
and Vin(min) for step- 


up and inverting convertor. 


Vout - 
Desired output voltage, Vout = '.25 (, 
+ ~) 
for step-down and step-up; Vout = ,.2:, R2 for Inverting. 


lout - 
Desired output current. 


fmin - 
Minimum 
desired output switching 
frequency at the selected values for Vin and 
10, 
Vripple(p-p) 
- 
Desired peak-to-peak output ripple voltage. In practice, the calculated value will need to be increased 
due to the capacitor's equivalent series resistance and board layout. The ripple voltage should be 
kept to a low value since it will directly effect the line and load regulation. 


SeeApplication Note AN920Afor further information. 


With the expansion of electronics into more and more 
mechanical 
systems 
there comes 
an ever increasing 
demand for simple but intelligent circuits that can blend 
these two technologies 
together. In past years, the task 
of power/motor 
control was once the domain of discrete 
devices. But today, increasingly, 
this task is being per- 
formed by bipolar Ie technology 
because of cost, size, 
and reliability 
constraints. 
Motorola 
offers 
integrated 
circuits designed to anticipate the requirements 
for both 
simple 
and sophisticated 
control systems, 
while pro- 
viding cost effective solutions to meet the application. 


Power/Motor 
Control Circuits 


Selector Guide 
Power Controllers 
4-2 
Motor Controllers 
. . . . . . . . . . . . . . . .. 
4-4 


Alphanumeric 
Listing 
4-7 


Data Sheets 
4-8 
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An assortment 
of battery 
and ac line-operated 
control 
ICs for specific 
applications 
are shown. 
They are designed 
to 
enhance system performance 
and reduce complexity 
in a wide variety 
of control 
applications. 


Zero Voltage Switches 


CA3079P/CA3059P 
TA = - 40° to + 85°C, Case 646 


... 
designed for thyristor 
control in a variety of ac power 
switching applications for ac input voltages of 24 V, 120 V, 
208/230 
V, and 227 V @ 50160 Hz. Features include: 


• Limiter-Power 
Supply - 
Allows 
operation 
directly 
from an ac line. 


• Differential 
OnlOff 
Sensing 
Amplifier 
- 
Tests for 
condition 
of external 
sensors 
or input 
command 
sig- 


nals. Proportional 
control 
capability 
or hysteresis 
may 
be implemented. 


• Zero-Crossing 
Detector - 
Synchronizes 
the output 
pulses to the zero voltage 
point of the ac cycle. Elimi- 


nates RFI when used with resistive 
loads. 


• Triac Drive - 
Supplies 
high-current 
pulses to the 
external 
power controlling 
thyristor. 


• Protection 
Circuit (CA3059 only) - 
A built-in circuit 
may 
be actuated, 
if the 
sensor 
opens 
or shorts, 
to 
remove the drive circuit from the external triac. 


• Inhibit 
Capability 
(CA3059 only) - 
Thyristor 
firing 
may be inhibited 
by the action of an internal diode gate. 


• 
High 
Power 
DC Comparator 
Operation 
(CA3059 
only) - 
Operation 
in this mode is accomplished 
by con- 


necting Pin 7 to Pin 12 (thus overriding 
the action of the 
zero-crossing 
detector). 


Gate 
I 
I 
I 
I 
I 


I 
I 


_-.J 
• 
External Tr~g.r 


UAA1016B-TA 
= -20° 
to + 100°C, Case 626 


· .. designed to drive triacs with the Zero Voltage tech- 
nique which allows RFI free power regulation 
of resis- 
tive loads. They provide the following 
features: 


• 
Proportional 
Temperature 
Control 
Over an Adjusta- 
ble Band 


• 
Adjustable 
Burst 
Frequency 
(to 
Comply 
with 
Standards) 


• 
Sensor Fail-Safe 


• 
No dc Current Component 
Through the Main Line (to 
Comply with Standards) 


• 
Negative Output Current Pulses (Triacs Quadrants 
2 
and 3) 


• 
Direct ac Line Operation 


• 
Low External Components 
Count 


Integrated Solenoid Driver 


MC3484S2,S4 - 
TJ = -40° 
to + 125°C, Case 314D 


The 
MC3484 
is an integrated 
monolithic 
solenoid 
driver. Its typical function 
is to apply full battery voltage 
to fuel injector(s) 
for rapid current rise, in order to pro- 
duce 
positive 
injector 
opening. 
When 
load current 
reaches a preset level (4.0 A in MC3484S4 or 2.4 A in 
MC3484S2) the injector driver reduces the load current 
by a 4-to-1 
ratio 
and operates 
as a constant 
current 
supply. This condition 
holds the injector 
open and re- 
duces system dissipation. 


High-Side Driver Switch 


MC3399T - 
TJ = -40° 
to + 150°C, Case 314D 


The MC3399T is a High-Side 
Driver 
Switch 
that 
is 
designed 
to drive 
loads from 
the positive 
side of the 
power supply. The output 
is controlled 
by a TTL com- 
patible Enable pin. In the ON state, the device exhibits 
very low saturation 
voltages for load currents in excess 
of 750 mA. The device 
also protects 
the 
load from 
positive- 
or negative-going 
high voltage 
transients 
by 
becoming 
an open circuit and isolating the transient for 


its duration 
from the load. 
The MC3399T is fabricated on a power BIMOS process 
which combines 
the best features of Bipolar and MOS 
technologies. 
The mixed 
technology 
provides 
higher 
gain PNP output devices and results in Power Integrated 
Circuits with reduced quiescent current. 


Vbat 
4.5 
V to 24 V 
(60 V Transient) 


NOTE: 
*Depending on Load Current and Transient Duration. an Output Capacitor (CO) of 
sufficient value may be used to hold up Output Voltage during the Transient. and 
absorb Turn-off Delay Voltage Overshoot. 


•• 


• 


This section contains integrated 
circuits designed for 
cost effective control of specific motor-families. 
Included 
are controllers for dc servo, stepper, brush less, and uni- 
versal type motors. 


DC Servo Motor Controller/Driver 


MC33030P 
- 
TA = - 40° to + 85°C, 
Case 
648C 


A monolithic 
dc servo motor controller 
providing 
all 
active functions 
necessary for a complete closed loop 
system. 
This device consists 
of an on-chip 
op amp 
and window 
comparator 
with 
wide 
input 
common- 
mode 
range, 
drive 
and 
brake 
logic 
with 
direction 
memory, 
power 
H switch driver capable of 1.0 A, in- 


dependently 
programmable 
over-current 
monitor and 
shutdown 
delay, and over-voltage 
monitor. 
This part 
is ideally suited for almost any servo positioning 
ap- 


plication 
that requires 
sensing of temperature, 
pres- 


sure, light, magnetic flux, or any other means that can 
be converted 
to a voltage. 


DC Brushless Motor Controller 


MC33034P60,P120 
- 
TA = - 40 


0to 
+ 85°C, Case 724 


The MC33034 Series is a high performance monolithic 
brush less motor controller 
containing 
all of the active 
functions 
required to implement 
a full featured open- 
loop three or four phase motor control system. These 
devices consist of a rotor position 
decoder for proper 
commutation 
sequencing, 
temperature 
compensated 
reference capable of supplying sensor power, frequency 
programmable 
sawtooth 
oscillator, 
fully 
accessible 
error 
amplifier, 
pulse 
width 
modulator 
comparator, 


three open collector top drivers, and three high current 
totem 
pole bottom 
drivers 
ideally 
suited for driving 
power MOSFETs. 


Closed-Loop Brushless Motor 
Adapter 


MC33039P - 
TA = - 40° to + 85°C, Case 626 


The MC33039P is a high 
performance 
closed-loop 
speed control 
adapter specifically 
designed for use in 
dc brushless 
motor 
control 
systems. 
Implementation 
will allow precise speed regulation without the need for 
a magnetic or optical tachometer. 
This device contains 
three input buffers each with hysteresis for noise immu- 
nity, 
three 
digital 
edge 
detectors, 
a programmable 
monostable, 
and an internal 
shunt 
regulator. 
Also 
included 
is an inverter 
output 
for use in systems that 
require 
conversion 
of sensor 
phasing. 
Although 
this 
device is primarily 
intended for use with the MC33034 
brush less motor 
controller, 
it can be used cost effec- 
tively 
in many 
other 
closed-loop 
speed 
control 
applications. 


Stepper Motor Drivers 


MC3479P - 
TA = 0° to + 70°C, Case 
648C 
SAA1042,A - 
TA = 0° to + 70°C, Case 721 


Stepper Motor Drivers provide up to 500 mA of drive 


per coil for two phase 6.0 V to 24 V stepper motors. 
Control logic is provided to accept commands for clock- 
wise, counter clockwise and half or full step operation. 
MC3479P has added Output 
Impedance Control 
(OIC) 
and Phase A drive 
state 
indicator 
(not available 
on 
SAA1042 devices). 


Triac Phase Angle Controller 


TDA1185ATA 
= 0° to +70°C,Case646 


· .. generates 
controlled 
triac 
triggering 
pulses 
and 


allows tacholess speed stabilization 
of universal motors 
by an integrated 
positive feedback function. 


• 
low 
Cost External Components 
Count 


• 
Optimum 
Triac Firing (2nd and 3rd Quadrants) 


• 
Repetitive Trigger Pulses When Triac Current is Inter- 
rupted by Motor Brush Bounce 


• 
Triac Current Sensed to Allow 
Inductive loads 


• 
Soft Start 
• 
Power Failure Detection and General Circuit Reset 


• 
low 
Power Consumption: 
1.0 mA 
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VI 
universal 
(aeldc) motors in an open or closed loop con- 
figuration. 
Facility 
for 
defining 
the initial 
speed/time 
characteristic. 
The circuits provide a phase angle varied 
trigger 
pulse to the motor control triac 


• 
Guaranteed 
Full Wave Triac Drive 


• 
Soft Start from Power-up 


• 
On-Chip 
FrequencylVoltage 
Converter 
and 
Ramp 
Generator 


• 
Current Limiting 
Incorporated 


• 
Direct Drive from ac Line 


Unreg. 


Voltage 


Input 


Facultative 
Ip 14Prog. 


Pulse 
Output 


Similar 
to TDA1085A. but designed for commercial 
washing 
machine service. 


TDA1285A TA = 0° to + 70°C, Case 648 


Similar to TDA1085A. plus: 


• 
Repeated Trigger 
Pulse if Triac Fails to Latch 


• 
Over 65 mA Output Pulse Current 


• 
Automatic 
Adaptation 
to Inductive 
or Hall Effect 
Sensors 


• 
Sensor Circuit Continuity 
Detection 
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Hall 
Effect 


Power 
Supply 


&. Inductive 
Speed 
Sense 


'Input 


Device 


CA3059 
CA3079 
MC3399T 
MC3484S2,S4 
UAA1016B 


Device 


MC33030 
MC33034 
MC33039 
MC3479P 
SAA1042,A 
TDA1085A 
TDA1085C 
TDA1185A 
TDA1285A 


Function 
Page 
Zero Voltage Switch 
4-8 
Zero Voltage Switch 
4-8 
High Side Driver Switch 
See Chapter 10 
Integrated Solenoid Driver 
See Chapter 10 
Zero Voltage Controller 
4-95 


Function 
DC Servo Motor Controller/Driver 
. 
DC Brushless Motor Controller 
. 


Closed Loop Brushless Motor Adapter 
. 


Stepper Motor Driver 
. 
Stepper Motor Driver 
. 


Universal Motor Speed Controller 
. 
Universal Motor Speed Controller 
. 


TRIAC Phase Angle Controller 
. 
Universal Motor Speed Controller 
. 


Page 


4-21 
4-34 
4-54 
4-13 
4-59 
4-64 
4-71 
4-81 
4-88 
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@ MOTOROLA 


.. designed for thyristor 
control in a variety of ac power switching 
applications for ac input voltages of 24 V, 120 V, 208/230 
V, and 


277 
V @ 50160 
Hz. 


Appl ications: 


• 
Reiay Control 


• 
Valve Control 


• 
Heater Control 


• 
Lamp Control 


• 
Synchronous Switching of Flashing Lights 


• 
On·Off Motor Switching 


• 
Differential 
Comparator With Self·Contained Power Supply for 
Industrial Applications 


1:------- 


5 I 


AC 
I 


Input I 


I 
I 
I 
I 
I 
I 
I 
__ 
..J 


6 
External 
Trigger 


AC Input Voltage 
Input Series 
Dissipation 
Rating 
(50/60 
Hzl 
Resistor IRS) 
for RS 


vac 
kn 
W 


24 
2.0 
0.5 


120 
10 
2.0 


2081230 
20 
4.0 


277 
25 
5.0 


CA3059 
CA3079 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 
- 


' , 


14. 
1 
i ~ 
: ~ 


1. 
Limiter-Power 
Supply 
- 
Allows 
opera- 
tion of the CA3059179 directly from an ae line. 


Suggested 
dropping 
resistor 
(RS) 
values 
are 
given in Table A. 
2. Differential On/Off SensingAmplifier- 
Tests for condition 
of external sensorsor input 
command 
signals. Proportional 
control 
capa- 


bility 
or 
hysteresis 
may 
be implemented 
using 
this block. 
3. Zero-Crossing Detector 
- 
Synchronizes 
the output 
pulses to the zero voltage point of 
the ac cycle. This synchronization 
eliminates 
RFI when usedwith resistive loads. 


4. 
Triac Drive - Supplies high-current pulses 
to the external power controlling 
thyristor. 


5. Protection 
Circuit 
(CA3059 only) 
- 
A 
built-in 
circuit 
may be actuated, if the sensor 
opens or shorts. to 
remove the drive current 
from the external triac. 
6. 
Inhibit 
Capability 
(CA3059 
only) 
- 
Thyristor 
firing may be inhibited by the action 
of an internal diode gate at Pin 1. 
7. High Power DC Comparator 
Operation 
(CA3059 
only) 
- 
Operation 
in this mode is 
accomplished by connecting 
Pin 7 to Pin 12 
(thus overriding the action of the zero-erossing 
detector). When Pin 13 is positive with 
respect 
to Pin 9. current to the thyristor 
is continuous. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VCC 
Vdc 


(Between Pins 2 and 7 
CA3059 
12 
CA3079 
10 


DC Supply Voltage 
VCC 
Vdc 


(Between Pins 2 and 8) 
CA3059 
12 
CA3079 
10 


Peak Supply Current (Pins 5 and 7) 
15,7 
'50 
mA 


Fail-Safe Input Current (Pin 14) 
114 
2.0 
mA 


Output Pulse Current (Pin 4) 
lout 
150 
mA 


Junction Temperature 
TJ 
150 
°c 


Operating Temperature Range 
TA 
-40 to +85 
°c 


Storage Temperature Range 
Tstg 
65 to +150 
°c 


Characteristic 
Test Circuits 
Symbol 
Min 
Typ 
Ma. 
Unit 


DC Supply Voltage 
Fig.2 
Vs 
Vdc 


Inhibit Mode 


RS=10k,IL=0 
6.1 
6.5 
7.0 
RS = 5.0 k, IL = 2.0 mA 
- 
6.1 
- 


Pulse Mode 


RS = 10k, 
IL = 0 
6.0 
6.4 
7.0 
RS = 5.0 k, RL = 2.0 mA 
- 
6.2 
- 


Gate Trigger Current 
Fig. 3 
IGT 
- 
160 
- 
mA 


(VGT = 1.0 V, Pins 3 and 2 connected) 


Peak Output Current, Pulsed 
Fig. 3 
10M 
mA 
With Internal Power Supply, V GT = 0 
Pin 3 Open 
50 
125 
- 


Pins 3 and 2 Connected 
90 
190 
- 


With External Power Supply, VCC = 12 V, VGT =0 
Fig.4 


Pin 3 Open 
- 
230 
- 


Pins 3 and 2 Connected 
- 
300 
- 


Inhibit Input Ratio 
Fig. 5 
V91V2 
0.465 
0.485 
0.520 
- 
(Ratio of Voltage@ Pin 9 to Pin 2) 


Total Gate Pulse Duration (CExt = 01 
Fig. 6 
~s 


Positive dv/dt 
tp 
70 
100 
140 
Negative dv/dt 
tn 
70 
100 
140 


Pulse Duration After Zero Crossing 
F;g.6 
~s 


ICE.t 
= 0, RExt 
= ~I 


Positive dv/dt 
tPl 
- 
50 
- 


Negative dv/dt 
tnl 
- 
60 
- 


Output Leakage Current Inhibit Mode··· 
Fig. 3 
14 
- 
0.001 
10 
~A 


Input Bias Current 
CA3059 
Fig. 7 
liB 
- 
0.15 
1.0 
~A 
CA3079 
- 
0.15 
2.0 


Common Mode Input Voltage Range 
- 
VCMR 
- 
1.4 to 5.0 
- 
Vdc 


(Pins 9 and 13 Connected) 


Inhibit Input Voltage 
CA3059 only 
Fig.8 
Vl 
- 
1.4 
1.6 
Vdc 


External Trigger Voltage 
CA3059 only 
- 
V6-V4 
- 
1.4 
- 
Vdc 


·Care must be taken, especially when using an external power supply, that total package dissipation is not exceeded. 


··The 
values given in the Electrical Characteristics Chart at 120 V also apply for operation at input voltages of 24 V, 2081230 
V, and 
277 V, except for Pulse Duration test. However, the series resistor (RS) must have the indicated value, shown in Table A for the specified 
input voltage. 
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FIGURE 3 - 
PEAK OUTPUT 
(PULSED) 
AND 
GATE TRIGGER 
CURRENT 
WITH 
INTERNAL 
POWER SUPPLY 
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• To 
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Gate 


,. 


Fail-Safe 
Input 
Fa, 


External 


Trigger 


Power Supply 


The CA3059 and CA3079 are self·powered circuits, 
powered from the ac line through an appropriate dropping 
resistor (see Table A). The internal supply is designed to 


power 
the 
auxiliary 
power 
circuits. 
In applications where more output current from the 
internal 
supply 
is required, an external 
power supply 
of 
higher voltage should be used. To use an external 
power supply, connect pin 5 and pin 7 together and apply 
the synchronizing voltage to pin 12 and the de supply 
voltage to pin 2 asshown in Figure 4. 


Operation of Protection Circuit (CA3059 Only) 


The 
protection 
circuit, 
when 
connected, 
will 
remove 


current 
drive 
from 
the 
triac 
if an open 
or shorted 
sensor 


is detected. 
This 
circuit 
is activated 
by connecting 
pin 
13 
to pin 14 (seeFigure 1). 
The following conditions should be observedwhen the 


protection 
circuit 
is utilized: 


A. The internal supply should be usedand the external 


load current must be limited to 2 mA with a 5 kn 
dropping resistor. 


B. Sensor Resistance (RX) and Rp values should be 
between 2 kn and 100 kn. 
C. The relationship 0.33 < RX/Rp < 3 must be met 


over 
the 
anticipated 
temperature 
range 
to 
prevent 


undesired 
activation 
of the 
circuit. 
A shunt 
or series 
resistor may haveto be added. 


External Inhibit Function (CA3059 Only) 


A 
priority 
inihibit 
command applied to pin 1 will 


remove 
current 
drive 
from 
the 
thyristor. 
A command 
of 
at least + 1.2 V @ 10 I1A is required. A DTL or T2L logic 1 
applied to pin 1 will activate the inhibit function. 


When 
comparator 
operation 
is 
desired 
or 
inductive 
loads are being switched, 
pins 
7 and 
12 should be 


connected. 
This 
connection 
disables 
the 
zero·crossing 
detector 
to 
permit the flow 
of gate current 
from 
the 
differential 
sensing amplifier 
on demand. Care should 
be exercised to avoid possible overloading of the internal 


power 
supply 
when 
operating 
the 
device 
in 
this 
mode. 
A 
resistor should be inserted between pin 4 and the 


thyristor 
gate 
in order 
to limit 
the 
current. 


® MOTOROLA 


The MC3479p 
is designed to drive a two-phase stepper motor in 
the bipolar mode. The circuit consists of four input sections, a logic 
decoding/sequencing 
section, two driver-stages for the motor coils, 


and an output to indicate the Phase A drive state. 


• 
Single Supply Operation - 
+7.2 to +16.5 Volts 


• 
350 mA/Coil 
Drive Capability 


• 
Clamp Diodes Provided for Back-EMF Suppression 


• 
Selectable CW/CCW and M/Half 
Step Operation 


• 
Selectable High/Low 
Output Impedance (Half Step Mode) 


• 
TTL/CMOS 
Compatible Inputs 


• 
Input Hysteresis - 
400 mV Minimum 


• 
Phase Logic Can Be Initialized to Phase A 


• 
Phase A Output Drive State Indication (Open-Collector) 


M/Half 
Step 


,- 
1 
PSUFAX 
PLASTICPACKAGE 
CASE648C-02 


CW/CCW 


Full/Half 
Step 


Input Low 
Input High 


CW/CCW 
CW 
CCW 


FulVHelfSte~ 
Full Step 
HelfStep 


OIC 
Hi Z 
LowZ 


Clk 
Positive 
Edge 
Triggered 


II 


suppry-viiltage 
VM 
+18 
Vdc 


Clamp Diode Cathode Voltage (Pin 1) 
VD 
VM + 5.0 
Vdc 


Driver Output Voltage (Pins 2, 3,14,15) 
VOD 
VM + 6.0 
Vdc 


Driver Output Current/Coil 
100 
±500 
mA 


Input Voltage (Pins 7,8,9,10) 
Vin 
-0.5 
to +7.0 
Vdc 


Blils/Set 
Current (Pin 6) 
18S 
-10 
mA 


PhiSeA 
Output Voltage (Pin 11) 
VOA 
+18 
Vdc 


I'haSeA 
Sink Current (Pin 11) 
lOA 
20 
mA 


Junction 
Temperature 
TJ 
+150 
ac 


Storage Temperature 
Range 
Tstg 
-65to+150 
ac 


Chafacteristic 
Symbol 
Min 
Max 
Unit 


Supply Voltage 
VM 
+7.2 
+16.5 
Vdc 


Clamp 
Diode Cathode 
Voltage 
VD 
VM 
VM +4.5 
Vdc 


Driver Output 
Current 
(Per Coil) (Note 5) 
100 
- 
350 
mA 


Input Voltage (Pins 7,8,9,10) 
Vin 
0 
+5.5 
Vdc 
eras/Set 
Current 
(Outputs 
Active) 
18S 
-300 
-75 
/lA 


Phase A Output 
Voltage 
VOA 
- 
VM 
Vdc 


Phase A Sink Current 
lOA 
0 
8.0 
mA 


Operating 
Ambient 
Temperature 
TA 
0 
+70 
ac 


DC ELECTRICAL CHARACTERISTICS 
(Specifications 
apply over the recommended 
supply voltage and temperature 
ranges 
unless otherwise 
noted.) (See Notes 1, 2) 


Characteristic 


Threshold 
Voltage (LOW-la-High) 
7,8,9, 
VTLH 
- 
- 
2.0 
Vdc 


Threshold 
Voltage (High-to-Low) 
10 
VTHL 
0.8 
- 
- 
Vdc 


Hysteresis 
VHYS 
0.4 
- 
- 
Vdc 


Current 
(VI: 
0.4 V) 
IlL 
-100 
- 
- 
/lA 
(VI: 
5.5 V) 
IIHl 
- 
- 
+100 
(VI: 
2.7 V) 
IIH2 
- 
- 
+20 


Output High Voltage 
2,3, 
VOHD 
Vdc 
(IBS: 
-300 
/lA) 
(100: 
-350 
mAl 
14,15 
VM - 2.0 
- 
- 


(100: 
-0.1 mAl 
VM-1.2 
- 
- 


Output 
Low Voltage 
VOLD 
- 
- 
O.B 
Vdc 
(IBS : -300 
/lA, 100: 
350 mAl 


Differential 
Mode Output 
Voltage 
Difference 
(Note 3) 
DVOD 
- 
- 
0.15 
Vdc 


(lBS: 
-300 
/lA, 100: 
350 mAl 


Common 
Mode Output 
Voltage 
Difference 
(Note 4) 
CVOD 
- 
- 
0.15 
Vdc 
(lBS: 
-300 
/lA, 100: 
-D.l 
mAl 


Output 
Leakage - 
Hi Z State 
/lA 
(0';; VOD';; VM, IBS: 
-5.0 /lA) 
IOZ1 
-100 
- 
+100 
(0';; VOD';; VM, IBS: 
-300 /lA, Pin 9: 
2.0 V, Pin 8: 
0.8 V) 
'OZ2 
-100 
- 
+100 


DC ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Specifications 
apply over the recommended 
supply 
voltage 
and temperature 
ranges 
unless 
otherwise 
noted.) (See Notes 1. 2) 


Characteristic 
Min 
Max 


Forward 
Voltage 
1.2.3. 
VDF 
- 
2.5 
3.0 
Vdc 


(ID = 350 mAl 
14.15 


Leakage 
Current 
(Per Diode) 
IDR 
- 
- 
100 
"A 
(Pin 1 = 21 V; Pin. 
2. 3.14.15 
= 0 V; las 
= 0,.A1 


Output 
Low Voltage 
11 
VOLA 
- 
- 
0.4 
Vdc 
(lOA = 8.0 mAl 


Off State Leakage 
Current 
10HA 
- 
- 
100 
"A 
(VOHA = 16.5 VI 


Power Supply 
Current 
16 
mA 
(laD 
= O,.A. 
las 
= - 300 ,.AI 


(Ll = VOHD. L2 = YOLO. L3 = VOHD. L4 = YOLO) 
IMW 
- 
- 
70 


(Ll = VOHD. L2 = YOLO. L3 = Hi 2. L4 = Hi 21 
1M2 
- 
- 
40 


(Ll = VOHD. L2 = YOLO. L3 = VOHD. L4 = VOHDI 
IMN 
- 
- 
75 


NOTES' 


1. AlgebraIc 
conventIOn 
rather 
than 
absolute 
values 
is used to deSignate 
limit 
values. 


2. 
Current 
Into a pm 1$deSignated 
as poSitive. 
Current 
out of a pin is deSignated 
as negative 


3. 
DVOD 
= !VOD1,2 
- VOD3.41 
where 


VOD1,2 
= (VOHDl 
- VOLD21 
or (VOHD2 
- VOLD1). 
and 


VOD3,4 
= (VOHD3 
- VOLD4) 
or (VOHD4 
~ VOLD3)· 


4. 
CVOD 
~ IVOHDl 
- VOHD21 
0' IVOHD3 
- VOHD41 


5. 
See section 
on Power 
Dissipation 
in Application 
Information. 


Characteristic 


Thermal Resistance. Junction to Ambient - 
No Heat Sink 


Characteristic 
Pins 
Symbol 
Min 
Typ 
Max 
Unit 


Clock Frequency 
7 
fCK 
0 
- 
50 
kHz 


Clock Pulse Width - 
High 
7 
PWCKH 
10 
- 
- 
", 


Clock Pulse Width - 
Low 
7 
PWCKL 
10 
- 
- 
", 


Bias/Set 
Pulse Width 
6 
PW8S 
10 
- 
- 
", 


Setup Time - 
CW/CCW 
and F/HS 
10-7 
t.u 
50 
- 
- 
", 
9-7 


Hold Time - 
CW/CCW 
and F/HS 
10-7 
th 
10 
- 
- 
"s 
9-7 


Propagation Delay - 
Clk·to-Driver Output 
'pCD 
- 
8.0 
- 
", 
Propagation Delay - 
Bias/Set·to-Driver 
Output 
'pBSD 
- 
1.0 
- 
"s 
Propagation Delay - 
Clk-to·Phase A Low 
7-11 
'pHLA 
- 
12 
- 
", 
Propagation Delay - 
Clk-to-Phase A High 
7-11 
'pLHA 
- 
5.0 
- 
"s 


• 


FIGURE 
2 - 
AC TEST 
CIRCUIT 


+12 V 


Bias/Set 
Input 


Name 
Symbol 
Pin # 
Description 


Power Supply 
VM 
16 
Power supply pin for both the logic circuit 
and the motor coil current. Voltage range 
is +7.2 to +16.5 volts. 


Ground 
Gnd 
4,5 
Ground 
pins for the logic circuit 
and the motor coil current. 
The physical 
configuration 


12,13 
of the pins aids in dissipating 
heat from within 
the Ie package. 


Clamp Diode 
Vo 
1 
This pin is used to protect 
the outputs 
where 
large voltage 
spikes 
may occur 
as the 
Voltage 
motor coils are switched. 
Typically 
a diode is connected 
between 
this pin and Pin 16. 


See Figure 
11. 


Driver Outputs 
Ll, L2 
2,3 
High current 
outputs 
for the motor 
coils. 
L1 and L2 are connected 
to one coil, and L3 
L3, L4 
14,15 
and L4 to the other coil. 


Bias/Set 
B/S 
6 
This pin is typically 
0.7 volts below VM. The current 
out of this pin (through 
a resistor 
to 
ground) determines 
the maximum 
output sink current. 
If the pin is opened (ISS < 5.0 #JA) 
the outputs 
assume 
a high impedance 
condition, 
while 
the internal 
logic presets 
to a 


Phase A condition. 


Clock 
Clk 
7 
The positive 
edge of the clock input switches 
the outputs 
to the next position. 
This in· 
put has no effect if Pin 6 is open. 


Full/Half 
Step 
F/HS 
9 
When 
low (Logic "0"), 
each clock pulse 
will 
cause the motor 
to rotate 
one full 
step. 


When 
high. each clock pulse will cause the motor to rotate one-half 
step. See Figure 7 
for sequence. 


Clockwise/ 
CW/CCW 
10 
This input allows 
reversing 
the rotation 
of the motor. 
See Figure 7 for sequence. 


Counterclockwise 


Output 
Impedance 
OIC 
8 
This input 
is relevant 
only in the half step mode (Pin 9> 
2.0 V). When 
low (Logic "0") 
Control 
the two driver outputs 
of the non-energized 
coil wilf be in a high impedance 
condition. 


When 
high the same driver outputs 
will 
be at a low impedance 
referenced 
to VM. See 


Figure 7. 


Phase A 
Ph A 
11 
This open-collector 
output indicates (when low) that the driver outputs 
are in the Phase A 


condition 
(Ll = L3 = VOHO, L2 = L4 = VOLOI. 


I X~ 
X= 
Note:tr, tf (10-90%) 
~ 
for input signalsare 
FlHS, 
3.0 V 
~ 
,;;;10 ns. 


CW/CCW 
---------1-.5-V-~ 
I 
)(----------- 


Inputs 
0------------·· 
.~.------------ 
____ 
SftPHLA 
tPLHA---l r- 
PhaseA 
-I 


Output 
1.5 vi-~ 
_ 


jj/S 
(Pin6) 
: 
L1 
L2: 
Q 
* 
(Pin3) 
(Pin2) 
-Ie 
L 
~~ 
~, 
:~ 
/1 
--~ 
~ 
~ 
~-- 
Parasitic 
Diodes 


Current 
Drivers 
and 
Logic 


GENERAL 


The MC3479P integrated circuit is designed to drive a 


stepper 
positioning 
motor 
ill applications 
such 
as 
disk 
drives and robotics. The outputs can provide up to 350 mA 
to each of two coils of a two-phase motor. The outputs 
change state with each low-to-high transition of the clock 
input, with the new output state depending on the pre· 
vious state, as well as the input conditions on Pins 8, 9, 
and 10. 


ure 5), which when connected to a two-phase motor, pro· 
vide two full·bridge 
configurations 
(L3 and L4 are not 
shown in Figure 5). The polarities applied to the motor 
coils depend on which transistor (OH or OU of each out· 
put is on, which in turn depends on the inputs and the 
decoding circuitry. 


The 
maximum 
sink 
current 
available 
at the 
outputs 
is 
a function of the resistor connected between Pin 6 and 
ground (see section on Bias/Set operation). Whenever 
the outputs are to be in a high impedance state, both tran· 
sistors (OH and 0L of Figure 5) of each output are off. 


OUTPUTS (pins 2. 3. 14. 15) 


The outputs (Ll-L4) are high current outputs (see Fig· 


II 


motor coil current during switching, in order to suppress 
back-EMF voltage spikes. Pin 1 is normally connected to 
VM (Pin 16) through a diode (zener or regular), a resistor, 
or directly. The peak instantaneous voltage at the outputs 
(Pins 2,3,14, 
and 15) must not exceed VM by more than 
6 volts. The voltage drop across the internal clamping 
diodes must be included in this portion of the design (see 
Figure 6). Note the parasitic diodes (Figure 5) across each 
QL of each output provide for a complete circuit path for 
the switched current. 


.-- 
7 
l-- 
l.--- 


FULL/HALF 
STEP (Pin 9) 


When this input is at a Logic "0" «0.8 
volts), the out- 
puts change a full step with each clock cycle, with the 
sequence direction depending on the CW/CCW input (Pin 
10). There are four steps (Phase A 8, C, D)for each com- 
plete cycle of the sequencing logic. Current flows through 
both motor coils during each step. See Figure 7. 
When taken to a Logic "1" (>2.0 volts), the outputs 
change a half step with each clock cycle, with the se- 
quence direction depending on the CW/CCW input (Pin 
10). Eight steps (Phases A-H) result for each complete 
cycle of the sequencing logic. Phases A C, E and G cor- 
respond (in polarity) to the phases A, B, C,and D, respec- 
tively, of the full step sequence. Phases B, D, F and H 


provide 
current 
to one 
motor 
coil, while 
de~energizing the 
other coil. The condition of the outputs of the de-energized 
coil depends on the OIC input (Pin 8). See Figure 7 for 
timing diagram. 


ole (Pin 8) 


The output impedance control input determines the 
output impedance to the de-energized coil when oper- 
ating in the half-step mode. When the outputs are in 
Phase B, D, F or H (Figure 7) and this input is at a Logic 
"0" 
«0.8 
V), the two outputs to the de-energized coil 
are in a high-impedance condition - 
QL and QH of both 
outputs (Figure 5) are off. When this input is at a Logic 
"1" (>2.0 V), a low impedance output is provided to the 
de-energized coil as both outputs have QH on (QL off). 
To complete the low impedance path requires connect- 
ing Pin 1 (VD) to Pin 16 (VM) as described elsewhere in 
this data sheet. 


ing the maximum output sink current; b) setting the in- 
ternal logic to a known state; and c) reducing power con- 


sumption. 
a) The maxlmum output sink current is determined by 
the base drive current supplied to the lower transistors 
(QL's of Figure 5) of each output, which in turn, is a func- 
tion of 'BS. The appropriate value of IBS is determined by: 


'BS = IOD x 0.86 


where 'BS is in microamps, and IOD is the motor current! 
coil in milliamps. 
The value of RB (between Pin 6 and ground) is then 
determined by: 


VM - 0.7 V 
RB= 
--'B-S-- 


b) When Pin 6 is opened (raised to VM) such that IBS 
is <5.0 I'A 
the internal logic is set to the Phase A con- 
dition, and the four driver outputs are put into a high im- 
pedance state. The Phase A output (Pin 11) goes active 
(low), and input signals at Pins 7,8,9 
and 10 are ignored 
during this time. Upon re-establishing IBS, the driver out- 
puts become active, and will be in the Phase A position 
(L1 = L3 = VOHD, L2 = L4 = VOLD). The circuit will then 
respond to the inputs at Pins 7, 8, 9 and 10. 
The Set function (opening Pin 6)can be usedas a power- 


up reset while supply voltages are settling. A CMOS logic 
gate (powered by VM) can be used to control this pin as 
shown in Figure 11. 
c) Whenever the motor is not being stepped, power dis- 
sipation in the IC and in the motor may be lowered by 
reducing IBS, so as to reduce the output (motor) current. 
Setting IBS to 75 I'A will reduce the motor current, but 
will not reset the internal logic as described above. See 
Figure 12 for a suggested circuit. 


POWER DISSIPATION 


The power dissipated by the MC3479P must be such 
that the junction temperature (TJ)does not exceed 150°C. 
The power dissipated can be expressed as: 


P = (VM x 1M)+ (2 x IOD)[(VM - VOHD) + VOLD] 


where VM = Supply voltage; 
1M= Supply current other than 'OD; 
IOD = Output current to each motor coil; 
VOHD = Driver output high voltage; 
VOLD = Driver output low voltage. 
The power supply current (1M)is obtained from Figure 
8. After the power dissipation is calculated, the junction 
temperature can be calculated using: 


TJ = (Px R8JA) + TA 


where R8JA = Junction to ambient thermal resistance; 
TA = Ambient temperature. 
For example, assume an application where VM = 12 V, 
the motor requires 200 mA/coil, operating at room tem- 
perature with no heat sink on the IC. IBS is calculated: 


IBS = 200 x 0.86 
IBS = 172I'A 


RB is calculated: 


RB = (12 - 0.7) V/172I'A 
RB= 65.7 kO 


, 
, 
, 
, 
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! 
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(a) Full Step Mode 
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I 
I 
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t 


tit 
I 
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D: 
I 
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L 1 fUll.1 
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: 
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prJU/4 


L3 flzoJ 
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I 
I 
I (b) H 
f Step Mode I 
I 
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I 
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, 
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,A,B 
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!: 


L31tzzzJ 
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, 
I 
L 
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~1----------------oL_J 
Phase A 
Output 


Wll 
l'"/HS 
ole 


= High 
mpedance 
= Logic "0" 


= Don't Care 


I 
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H 
:, 
I, 


, 
I 


fIZIlIW 
wnvA 


I, 


A 
: 
B 
I 


wzzzm 
pamaa 
, 


I, 


I 
I 


e 
: 
0 


I 
I 
I 
I 
I 


I'llZlZll2L 
pmm;- 


7JllllZ. 
= HighImpedance 


eW/cew= 
Logic"0" 


F/HS 
= Logic"''', 
OIC= Logic"0" 


cW/cew 
= Logic"0" 


F/HS 
= Logic.., .. 


OIC 
= Logic.., .. 


From Figure 8, 1M(max) is determined to be 40 mA. From 
Figure 9, VOLD is 0.46 volts, and from Figure 10, (VM- 
VOHD) is 1.4 volts. 


P= (12 x 0.040) + (2 x 0.2)(1.4 + 0.46) 
P= 1.22 W 


TJ = (1.22 W x 45°C/W) 
+ 25°C 
TJ = 80°C 


This 
temperature 
is well 
below 
the 
maximum 
limit. 
If 


the calculated TJ had been higher than 150°C, a heat 
sink such as the Staver Co. V-7 series, Aavid #5802, or 
Thermalloy #6012 could be used to reduce RBJA- In ex- 
treme cases forced air cooling should be considered. 


The abovecalculation, and RBJA-assumes that a ground 
plane is provided under the MC3479P (either or both sides 
of the PCboard) to aid in the heat dissipation. Single nom- 
inal width traces leading from the four ground pins should 
be avoided as this will increase TJ, as well as provide 
potentially 
disruptive 
ground noise and IR drops when 


switching 
the 
motor 
current. 


/' 


100 = 0 
/' 


./ 


/' 
./ 
V 
/" 
~ 


;<.s 40 


'"- 
30 


MOTOROLA 
LINEAR/INTERFACE 
DEVICES 
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Di9ital{ 
Inputs 


Phase A 


Clock 


CW/CCW 


FUIT/Half Step 


OIC 
, 


MC14D49UB 
or equivalent 


/ 


./ V 


/'" 
/' 


./ 


,,/' 


V" 


- 
Suggested 
value for RB1 IVM = 12 V) is 150 kil. 


- 
RS calculation (see text) must take into account 
the current through RS1. 


® MOTOROLA 


The MC33030 is a monolithic 
dc servo motor controller 
provid- 


ing all active functions 
necessary for a complete closed loop sys- 
tem. This device consists of an on-chip op amp and window 
com- 
parator with 
wide 
input common-mode 
range, drive and brake 
logic with 
direction 
memory, 
power 
H switch driver capable of 
1.0 A, independently 
programmable 
over-current 
monitor 
and 
shutdown 
delay, and over-voltage 
monitor. 
This part is ideally 
suited for almost any servo positioning 
application 
that requires 
sensing 
of temperature, 
pressure, 
light, 
magnetic 
flux, 
or any 
other means that can be converted 
to a voltage. 
Although 
this device is primarily 
intended 
for servo applica- 
tions, it can be used as a switch mode motor controller. 


• 
On-Chip Error Amp for Feedback Monitoring 


• 
Window 
Detector with Deadband and Self Centering 
Reference Input 


• 
Drive/Brake Logic with Direction 
Memory 


• 
1.0 A Power H Switch 


• 
Programmable 
Over-Current 
Detector 


• 
Programmable 
Over-Current 
Shutdown 
Delay 


• 
Over-Voltage 
Shutdown 


I 
I 
I 
I 
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1 


1 
I + 
I 


Reference 
I 
Position 
1 


Programmable 
Over· 


Current 
Detector 
& latch 


DC SERVO 
MOTOR 
CONTROLLER/DRIVER 
- 


1 
P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
648C-02 


Reference 
Input 


Reference 
Input Filter 


Error Amp Output 
Filterl Feedback Input 


GOd{ 
4 


Error Amp 
Output 


ErrorArnp 
Inverting Input 


Error Amp Non- 


Inverting 
Input 


Over-Current 
Delay 


Over-Current 
Reference 


Drive 
Output 8 


9 
~~~~t~rr::r 


• 


•• 


rUvvtll 
,:)UVIJIY 
vUlli;lye 
VCC 
:Jti 
V 


Input 
Voltage 
Range 
VIR 
-0.3 
to VCC 
V 
Op Amp, 
Comparator, 
Current 
Limit. 


Pins 
1, 2, 3, 6, 7, 8, 9,15. 


Input 
Differential 
Voltage 
Range 
VIDR 
-0.3to 
VCC 
V 
Op Amp, 
Comparator. 


Pins 
1, 2, 3, 6, 7, 8, 9. 


Delay 
Pin Sink 
Current 
(Pin 
161 
IDLy(sink) 
20 
mA 


Output 
Source 
Current 
lOp Amp) 
lsource 
10 
mA 


Drive 
Output 
Voltage 
Range 
(Note 
1) 
VDRV 
- 0.3 to IVCC 
+ VFI 
V 


Drive 
Output 
Source 
Current 
(Note 
2) 
IDRV(sourcel 
1.0 
A 


Drive 
Output 
Sink 
Current 
INote 
2) 
IDRV(sinkl 
1.0 
A 


Brake 
Diode 
Forward 
Current 
(Note 
21 
IF 
10 
A 


Power 
Dissipation 
and Thermal 
Characteristics 
Maximum 
Power 
Dissipation 
(jl 


TA 
~ 70°C 
PD 
1000 
mW 
Thermal 
Resistance 
Junction 
to Air 
ROJA 
80 
°CIW 
Thermal 
Resistance 
Junction 
to Case. 
ROJC 
15 
°CIW 
Pins 4,5,12,13. 


Operating 
Junction 
Temperature 
TJ 
+ 150 
°C 


Operating 
Ambient 
Temperature 
Range 
TA 
-40 
to 
+85 
°C 


Storage 
Temperature 
Range 
Tsto 
- 65 to 
+ 150 
°C 


Notes: 


1, The upper voltage level is clamped by the forward drop. VF. of the brake diode. 


2. 
These 
values 
are 
for 
continuous 
de current. 
Maximum 
package 
power 
dissipation 
limits 


must 
be observed. 


ELECTRICAL 
CHARACTERISTICS 
(VCC ~ 


Characteristic 


Input 
Offset 
Voltage 
(- 
40°C'" 
TA '" 
+85°CI 
VIO 
- 
1.5 
10 
mV 
VPin 6 ~ 7,0 V, RL ~ 
100 k 


Input 
Offset 
Current 
110 
- 
0.7 
- 
nA 
VPin6 
= 
1.0V,RL 
~ 
lOOk 


Input 
Bias Current 
liB 
- 
7.0 
- 
nA 
VPin 
6 = 7.0 V, RL ~ 
100 k 


Input 
Common-Mode 
Voltage 
Range 
VICR 
- 
a to (VCC - 1.21 
- 
V 


<l.VIO ~ 
20 mY, RL = lOa k 


Slew 
Rate, Open 
Loop 
(VID = 0.5 V, CL = 15 pFI 
SR 
- 
0.40 
- 
V/!J.s 


Unity-Gain 
Crossover 
Frequency 
Ic 
- 
550 
- 
kHz 


Unity-Gain 
Phase 
Margin 
0m 
- 
63 
- 
deg. 


Common-Mode 
Rejection 
Ratio 
CMRR 
50 
82 
- 
dB 
VPin 6 ~ 
7.0 V, RL = 100 k 


Power 
Supply 
Rejection 
Ratio 
PSRR 
- 
89 
- 
dB 
VCC = 9.0 to 16 V, VPin 6 ~ 7,0 V, RL = 100 k 


Output 
Source 
Current 
(VPin 6 ~ 
12 VI 
10+ 
- 
1.8 
- 
mA 


Output 
Sink Current 
(VPin 6 = 1.0 V) 
10- 
- 
250 
- 
~ 


Output 
Voltage 
Swing 
(RL = 17 k to Ground) 
VOH 
12.5 
13.1 
- 
V 


VOL 
- 
0.02 
- 
V 


Input 
Hysteresis 
Voltage 
(Vl 
- 
V4, V2 - V3' 
Figure 
17) 
VH 
25 
35 
45 
mV 


Input 
Dead 
lone 
Range 
IV2 - 
V4, Figure 
171 
VIDl 
166 
210 
254 
mV 


Input 
Offset 
Voltage 
(I!V2 - VPin 
21 - (VPin 
2 - V411, Figure 
17) 
Via 
- 
25 
- 
mV 


Input 
Functional 
Common-Mode 
Range 
(Note 
31 
V 


Upper 
Threshold 
VIH 
- 
(VCC- 
1.05) 
- 


Lower 
Threshold 
VIL 
- 
0.24 
- 


Reference 
Input 
Self Centering 
Voltage 
VRSC 
- 
112 VCC) 
- 
V 


Pins 
1 and 
2 Open 


Window 
Detector 
Propagation 
Delay 
tp(lN/DRVI 
- 
2.0 
- 
p's 


Comparator 
Input, 
Pin 3, to Drive 
Outputs 


VID 
~ 0.5 V, RLIDRV) 
= 390 II 


Over-Current 
Reference 
Resistor 
Voltage 
(Pin 15) 
ROC 
3.9 
4.3 
4.7 
V 


Delay 
Pin Source 
Current 
IDLY(source) 
- 
5.5 
6.9 
p.A 


VDLY 
= 0 V, ROC 
= 27 k, IDRV 
~ 
0 mA 


Delay 
Pin Sink 
Current 
IROC 
= 27 k, IDRV 
= 0 mAl 
IDLY(sinkl 
mA 


VDLY 
~ 
5.0 V 
- 
0.1 
- 


VDLY 
~ 8.3 V 
- 
0.7 
- 


VDLy~14V 
- 
16.5 
- 


Delay 
Pin Voltage, 
Low 
State 
(IDLY 
~ 
0 mAl 
VaLIDLY) 
- 
0.3 
0.4 
V 


Over-Current 
Shutdown 
Threshold 
Vth(OCI 
V 
VCC 
~ 
14 V 
6.8 
7.5 
8.2 
VCC 
~ 8.0 V 
5.5 
6.0 
6.5 


Over-Current 
Shutdown 
Propagation 
Delay 
tpIDLY/DRV) 
- 
1.8 
- 
p's 


Delay 
Capacitor 
Input, 
Pin 16, to Drive 
Outputs 


VID 
~ 0.5 V 


Drive-Output 
Saturation 
(- 
40°C :s;:T A :s; + 85°C, Note 
41 
V 


High 
State 
(lsource 
= 100 mAl 
VOH(DRV) 
IVCC-2) 
(VCC-0.85) 
- 


Low State 
(lsink 
= 100 mAl 
VOL(DRVI 
- 
0.12 
1.0 


Drive-Output 
Voltage 
Switching 
Time 
(CL 
= 15 pF) 
ns 


Rise Time 
tr 
- 
200 
- 


Fall Time 
tf 
- 
200 
- 


Brake 
Diode 
Forward 
Voltage 
Drop 
(IF = 200 mA, 
Note 
4) 
VF 
- 
1.04 
2.5 
V 


Standby 
Supply 
Current 
ICC 
- 
14 
25 
mA 


Over-Voltage 
Shutdown 
Threshold 
Vth(OVI 
16.5 
18 
20.5 
V 


(-40°C"TA" 
+ 85°CI 


Over-Voltage 
Shutdown 
Hysteresis 
(Device 
off to on) 
VH(OVI 
0.3 
0.6 
1.0 
V 


Operating 
Voltage 
Lower 
Threshold 
VCC 
- 
7.5 
8.0 
V 


1-40°C"TA" 
+85°C) 


NOTES: 


3 
The 
upper 
or lower 
hysteresis 
will 
be lost when 
operating 
the 
Input, 
Pin 3. close 
to the 
respective 
rail. 
Refer 
to Figure 
4. 


4. 
Low 
duty 
cycle 
pulse 
techniques 
are 
used 
during 
test to maintain 
junction 
temperature 
as close 
to ambient 
temperatures 
as possible. 
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OPERATING 
DESCRIPTION 
The MC33030 was designed to drive fractional 
horse- 
power dc motors and sense actuator position by voltage 
feedback. A typical servo application and representative 
internal block diagram are shown in Figure 16. The sys- 
tem operates by setting a voltage on the reference input 
of the Window 
Detector (Pin 11which appears on (Pin 
2). A dc motor then drives a position 
sensor, usually a 
potentiometer 
driven by a gear box, in a corrective fash- 
ion so that a voltage proportional 
to position is present 
at Pin 3. The servo motor will continue to run until the 
voltage 
at Pin 3 falls within 
the dead zone, which 
is 
centered about the reference voltage. 


The Window 
Detector 
is composed 
of two compar- 
ators, A and B, each containing 
hysteresis. The refer- 
ence input, common to both comparators, 
is pre-biased 
at 1/2 VCC for simple two position 
servo systems and 
can easily be overriden 
by an external voltage divider. 


The feedback voltage 
present at Pin 3 is connected to 
the center of two resistors that are driven by an equal 
magnitude 
current source and sink. This generates an 
offset voltage at the input of each comparator 
which is 


centered about Pin 3 that can float virtually 
from VCC 
to ground. The sum of the upper and lower offset volt- 
ages is defined as the window 
detector input dead zone 


range. 


To increase system flexibility, 
an on-chip Error Amp 
is provided. 
It can be used to buffer and/or gain-up the 
actuator 
position 
voltage 
which 
has the effect of nar- 
rowing 
the dead zone range. A PNP differential 
input 
stage is provided so that the input common-mode 
volt- 


age range will include ground. The main design goal of 
the error amp output stage was to be able to drive the 
window 
detector input. It typically 
can source 1.8 mA 
and sink 250 pA. Special design considerations 
must be 
made if it is to be used for other applications. 


The Power H-Switch provides a direct means for mo- 
tor drive and braking with a maximum source, sink, and 
brake current of 1.0 A continuous. 
Maximum 
package 
power 
dissipation 
limits 
must 
be observed. 
Refer to 
Figure 15 for thermal information. 
For greater drive cur· 


rent requirements, 
a method 
for buffering 
that main- 
tains all the system features is shown in Figure 29. 


vcc 


-----------~~~~:~~~~~-------------- 
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I 
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/ 
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I 
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Output 
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Feedback 
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I 
I 
I 
I 
I 
Ir ------- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Q 
Over- 


Current 


Latch 
Q 


The Over-Current 
Monitor 
is designed to distinguish 
between motor start-up or locked rotor conditions 
that 


can occur when the actuator has reached its travel limit. 
A fraction 
of the Power H-Switch source current is in- 


ternally 
fed into one of the two inverting 
inputs of the 


current comparator, 
while the non-inverting 
input is dri- 
ven by a programmable 
current 
reference. This refer- 
ence level is controlled 
by the resistance value selected 
for ROC, and must be greater than the required 
motor 
run-current 
with its mechanical load over temperature; 


refer to Figure 8. During an over-current 
condition, 
the 


comparator 
will turn off and allow the current source to 


charge the delay capacitor, CDLy. When CDLY charges 
to a level of 7.5 V, the set input of the over-current 
latch 
will go high, disabling the drive and brake functions 
of 
the Power H-Switch. The programmable 
time delay is 
determined 
by the capacitance value-selected for CDLy. 


tDLY = 
VrefCDLY 
= 7.5CDLY = 1.36CDLY 
in /LF 
IDLY(sourcel 
5.5/LA 


I 
I 
I 
I 
I 
_________ 
---l 
_ 


II 


Over-Current 
16 


Delay 
lCDLY 


15 
Over-Current 


ROC 
Reference 


This system allows the Power H-Switch to supply mo- 
tor start-up current for a predetermined 
amount of time. 


If the rotor is locked, the system will time-out 
and shut- 


down. This feature eliminates 
the need for servo end- 
of-travel or limit switches. Care must be taken so as not 
to select too large of a capacitance value for CDLy. An 
over-current 
condition 
for an excessively long time-out 
period can cause the integrated circuit to overheat and 
eventually fail. Again, the maximum 
package power dis- 
sipation limits must be observed. The over-current 
latch 
is reset upon power-up 
or by readjusting 
Vpin 2 as to 
cause Vpin 3 to enter or pass through 
the dead zone. 


This can be achieved by requesting the motor to reverse 
direction. 
An Over-Voltage 
Monitor 
circuit provides 
protection 
for the integrated 
circuit 
and motor 
by disabling 
the 


Power H-Switch functions 
if VCC should exceed 18 V. 
Resumption 
of normal operation 
will commence when 
VCC falls below 17.4 V. 


II 


A timing 
diagram 
that depicts the operation 
of the 
Drive/Brake 
Logic section 
is shown 
in Figure 17. The 
waveforms 
grouped in [1J show a reference voltage that 
was preset, appearing 
on Pin 7, which corresponds 
to 
the desired actuator position. The true actuator position 
is represented 
by the voltage 
on Pin 3. The points V1 
through 
V4 represent 
the input voltage 
thresholds 
of 
comparators 
A and B that cause a change in their re- 
spective output 
state. They are defined as follows: 


V1 = Comparator 
B turn-off 
threshold 
V2 = Comparator 
A turn-on threshold 
V3 = Comparator 
A turn-off 
threshold 
V4 = Comparator 
B turn-on threshold 


V1-V4 
= Comparator 
B input hysteresis voltage 
V2-V3 = Comparator 
A input hysteresis voltage 
V'CV4 = Window 
detector input dead zone range 
I(V2-Vpin2)-(Vpin2-V4l! 
= Window 
detector 
input 
offset voltage 


It must 
be remembered 
that points V1 through 
V4 
always try to follow and center about the reference volt- 
age setting if it is within 
the input common-mode 
volt- 
age range of Pin 3; Figures 4 and 5. Initially 
consider 
that the feedback input voltage level is somewhere 
on 
the dashed line between V2 and V4 in [11.This is within 
the dead zone range as defined 
above and the motor 
will be off. Now if the reference voltage is raised so that 
Vpin 3 is -!-ess than V4, comparator 
B will 
turn-on 
[31 
enabling Q Drive, causing Drive Output A to sink and B 
to source motor current 
[8J. The actuator will move in 
Direction B until Vpin 3 becomes greater than V1. Com- 
parator B will turn-off, 
activating 
the brake enable [4J 
and Q Brake [6) causing Drive Output A to go high and 
B to go into a·high impedance state. The inertia of the 
mechanical system will drive the motor as a generator 
creating a positive voltage on Pin 10 with respect to Pin 
14. The servo system can be stopped quickly, so as not 
to over-shoot 
through 
the dead zone range, by braking. 
This is accomplished 
by shorting 
the motor/generator 
terminals together. Brake current will flow into the diode 
at Drive Output B, through the internal VCC rail, and out 
the emitter of the sourcing transistor at Drive Output A. 
The end of the solid line and beginning 
of the dashed 
for Vpin 3 [11 indicates the possible resting position 
of 
the actuator after braking. 
If Vpin 3 should continue to rise and become greater 
than V2, the actuator will have over shot the dead zone 
range and cause the motor to run in Direction A until 
Vpin 3 is equal to V3. The Drive/Brake 
behavior 
for 
Direction 
A is identical 
to that of B. Overshooting 
the 
dead zone range in both directions can cause the servo 
system to continuously 
hunt or oscillate. Notice that the 


last motor run-direction 
is stored in the direction 
latch. 
This information 
is needed to determine 
whether 
Q or 
Q Brake is to be enabled when Vpin 3 enters the dead 
zone range. The dashed lines in [8,91 indicate 
the re- 
sulting waveforms 
of an over-current 
condition that has 
exceeded the programmed 
time delay. Notice that both 
Drive 
Outputs 
go into 
a high 
impedance 
state 
until 
Vpin 2 is readjusted 
so that Vpin 3 enters or crosses 
through 
the dead zone [7,41. 


The inputs 
of the Error Amp and Window 
Detector 
can be susceptible to the noise created by the brushes 
of the dc motor and cause the servo to hunt. Therefore, 
each of these inputs are provided with an internal series 
resistor and are pinned out for an external 
bypass ca- 
pacitor. It has been found that placing a capacitor with 
short leads directly across the brushes will significantly 
reduce noise problems. 
Good quality RF bypass capac- 
itors in the range of 0.001 to 0.1 !iF may be required. 
Many of the more economical 
motors will generate sig- 
nificant levels of RFenergy over a spectrum that extends 
from dc to beyond 200 MHz. The capacitance value and 
method of noise filtering 
must be determined 
on a sys- 
tem by system basis. 
Thus far, the operating 
description 
has been limited 
to 
servo 
systems 
in which 
the 
motor 
mechanically 
drives a potentiometer 
for position sensing. Figures 18, 
19,26, and 30 show examples that use light, magnetic 
flux, temperature, 
and pressure as a means to drive the 
feedback element. Figures 20, 21 and 22 are examples 
of two position, open-loop 
servo systems. In these sys- 
tems, the motor 
runs the actuator 
to each end of its 
travel limit where the Over-Current 
Monitor 
detects a 
locked rotor condition and shuts down the drive. Figures 
31 and 32 show two 
possible 
methods 
of using the 
MC33030 as a switching 
motor controller. 
In each ex- 
ample a fixed reference voltage is applied to Pin 2. This 
causes Vpin 3 to be less than V4 and Drive Output A, 
Pin 14, to be in a low state saturating 
the TIP42 tran- 
sistor. In Figure 31, the motor drives a tachometer 
that 
generates an ac voltage proportional 
to RPM. This volt- 
age is rectified, filtered, divided down by the speed set 
potentiometer, 
and applied to Pin 8. The motor will ac- 
celerate until Vpin 3 is equal to V1 at which time Pin 14 
will go to a high state and terminate 
the motor drive. 
The motor will 
now coast until Vpin 3 is less than V4 
where upon drive is then reapplied. The system oper- 
ation of Figure 32 identical to that of 31 except the signal 
at Pin 3 is an amplified 
average of the motors drive and 
back EMF voltages. Both systems exhibit excellent con- 
trol of RPM with variations 
of VCC; however, Figure 31 
has somewhat better torque characteristics 
at low RPM. 
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MOTOROLA 


BRUSH 
LESS 
DC MOTOR CONTROLLER 
The MC33034 Series is a high performance 
monolithic 
brush- 


less motor controller containing all of the active functions required 
to implement 
a full featured open-loop three or four phase motor 


control system. These devices consist of a rotor position decoder 
for proper commutation 
sequencing, 
temperature 
compensated 
reference 
capable 
of supplying 
sensor 
power, 
frequency 
pro- 


grammable 
sawtooth 
oscillator, 
fully accessible error amplifier, 


pulse width modulator 
comparator, 
three open collector top driv- 
ers, and three 
high current 
totem 
pole bottom 
drivers 
ideally 
suited for driving 
power MOSFETs. 
Also included are protective features consisting of undervoltage 
lockout, 
cycle-by-cycle 
current 
limiting 
with 
a selectable 
time 
delayed latched shutdown 
mode, internal thermal shutdown, 
and 


a unique fault output that can be interfaced into microprocessor 
controlled 
systems. 


Typical motor control 
functions 
include open-loop 
speed, for- 


ward or reverse direction, 
run enable, and dynamic 
braking. 


The MC33034P60 and MC33034P120 are designed to operate 
with 
an electrical 
sensor 
phasing 
of 60°/300° 
and 
120°1240° 


respectively. 


• 
10 V to 40 V Operation 


• 
Undervoltage 
Lockout 


• 
6.25 V Reference Capable of Supplying 
Sensor Power 


• 
Fully Accessible Error Amplifier 
for Servo Applications 


• 
High Current Totem Pole Bottom Drivers 


• 
Cycle-By-Cycle Current Limiting 


• 
Internal Thermal Shutdown 


BRUSHLESS 
DC 
MOTOR 
CONTROLLER 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
724-03 


Top 
Drive 


Outputs 


BT 
1 


AT 


{ 


SA 
4 
Sensor 
S 
Inputs 
B 
Sc 


Output Enable 


Reference 
Output 


Current 
Sense Input 


Oscillator 
10 
Error Amp Non- 
Inverting 
Input 
11 


Error Amp 
12 
Inverting 
Input 


14 Fault Output 


13 Error Amp Out! 


PWM 
Input 


Sensor 


Electrical 


Package 
Phasing 
Device 


MC33034P60 
60°/300° 
Plastic 
DIP 


MC33034P120 
120°/240° 
Plastic 
DIP 


Ambient 
Temperature 
Range 


= 
- 40'C 
to 
+ 85°C 


~._-~ 
Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
40 
V 


Digital 
Inputs 
(Pins 3, 4, 5, 6, 7, 23) 
- 
Vref 
V 


Oscillator 
Input 
Current 
(Source 
or Sink) 
10SC 
30 
mA 


Error 
Amp 
Input 
Voltage 
Range 
(Pins 
11, 12, Note 
11 
VIR 
-0.3 
to 40 
V 


Error Amp 
Output 
Current. 
Source 
or Sink (Note 
2) 
lOut 
10 
mA 


Current 
Sense 
lr,put Voltage 
VSense 
5.0 
V 


f-{ault 
O"tput 
Voltage 
VCE(Fault) 
20 
V 


~ault 
Output 
Sink Current 
ISink(Fault) 
20 
mA 


Top Drive 
Voltage 
(Pins 
1, 2, 24) 
VCEltonl 
45 
V 


i Top Drive 
Sink Current 
(Pins 1,2, 
24) 
ISinkltool 
50 
mA 


I Bottom 
Drive 
Supply 
Voltage 
(pin 
18) 
Vc 
40 
V 


Bottom 
Drive 
Output 
Current. 
Source 
or Sink (Pins 19, 20, 21) 
IDRV 
100 
mA 


Power 
Dissipation 
and Thermal 
Characteristics 


Maximum 
Power 
Dissipation 
(II 
TA 
= 85"( 
PD 
867 
mW 


Thermal 
Resistance 
Junction 
to Air 
RHJA 
75 
·CIW 


Operating 
Junction 
Temperature 
TJ 
+150 
·C 


Operating 
Ambient 
Temperature 
Range 
TA 
-40 
to 
+85 
·C 


Storage 
Temperature 
Range 
Tstn 
-65 
to 
+ 150 
°c 


Reference 
Output 
Voltage 
(IRef 
:= 
1.0 mAl 
Vref 
V 


TA 
~ 25°C 
5.9 
625 
65 
TA 
~ 
- 40°C to 
+ 85°C 
5.82 
- 
6.57 


Line Regulation 
IVCC 
~ 
10 V to 40 V, Iref 
~ 
1.0 mAl 
Regline 
- 
12 
30 
mV 


Load 
Regulation 
IIref 
~ 
1.0 mA to 20 mAl 
Regload 
- 
5.0 
30 
mV 


Output 
Short-Circuit 
Current 
(Note 
3) 
ISC 
40 
60 
- 
mA 


Reference 
Under 
Voltage 
Lockout 
Threshold 
Vth 
4.0 
4.5 
5.0 
V 


Input 
Offset 
Voltage 
(TA 
~ 
-40°C 
to 
+85°CI 
Via 
- 
2.0 
10 
mV 


Input 
Offset 
Current 
(TA 
~ 
-40 
to 
+85°C) 
110 
- 
10 
500 
nA 


Input 
Bias Current 
(TA 
= 
- 40°C to 
+ 85°CI 
liB 
- 
-25 
-1000 
nA 


Input 
Common-Mode 
Voltage 
Range 
VICR 
10 V to VCC - 2.0 VI 
V 


Open-Loop 
Voltage 
Gain 
(Va 
~ 3.0 V, RL ~ 
15 kl 
AVOL 
75 
95 
- 
dB 


Input 
Common-Mode 
Rejection 
Ratio 
CMRR 
55 
80 
- 
dB 


Power 
Supply 
Rejection 
Ratio 
IVCC and Vc ~ 10 V to 40 VI 
PSRR 
65 
95 
- 
dB 


Output 
Voltage 
Swing 
V 


High 
State 
(RL ~ 
15 k to Gnd) 
VOH 
4.6 
5.4 
- 


Low State 
(RL ~ 
15 k to Vrefl 
VOL 
- 
0.7 
1.0 


Notes: 


1. The 
input 
common 
mode 
voltage 
or input 
signal 
voltage 
should 
not 
be allowed 
to go negative 
by more 
than 
0.3 
V. The 
upper 
functional 
limit 


of the 
common 
mode 
voltage 
range 
is typically 
VCC 
- 
2.0 V, but either 
or both 
inputs 
can go to 40 V, independent 
of VCC without 
device 


destruction. 


2. 
The 
compliance 
voltage 
must 
not 
exceed 
the 
range 
of 
-0.3 
V to Vref. 


3. 
Maximum 
package 
power 
dissipation 
limits 
must 
be observed. 
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ELECTRICAL CHARACTERISTICS 
IVCC and Vc 
20 V, RT 


Characteristic 


Oscillator 
Frequency 
fOSC 
21 
23.5 
26 
kHz 


Frequency 
Change 
with 
Voltage 
IVCC ~ 10 V to 40 V) 
.lfOSC.lV 
- 
0.1 
5.0 
~c 


Sawtooth 
Peak Voltage 
VOSC(P) 
- 
4.0 
4.2 
V 


Sawtooth 
Valley 
Voltage 
VOSCIV) 
1.2 
1.5 
- 
V 


Input 
Threshold 
Voltage 
IPins 3, 4, 5, 6, 7, 23) 
V 
High 
State 
VIH 
2.0 
1.4 
- 


Low State 
VIL 
- 
1.4 
0.8 


Sensor 
Inputs 
IPins 4, 5, 61 
IJ.A 
High 
State Input 
Current 
(VIH 
~ 5.0 V) 
IIH 
- 250 
150 
-40 
Low State Input 
Current 
(VIL ~ 0 VI 
IlL 
-900 
-600 
-300 


Forward 
Reverse 
and Brake Inputs 
(Pins 3, 23) 
IJ.A 


High State Input 
Current 
(VIH ~ 5.0 V) 
IIH 
- 150 
88 
25 


Low State 
Input 
Current 
(VIL ~ 0 VI 
IlL 
600 
325 
150 


Output 
Enable 
IJ.A 


High 
State Input 
Current 
(VIH ~ 5.0 V) 
IIH 
70 
-40 
- 10 


Low State Input 
Current 
(VIL = 0 VI 
IlL 
-80 
40 
20 


CURRENT-LIMIT 
COMPARATOR 


Threshold 
Voltage 


Input 
Bias Current 
(Vin 
~ 0 V to 5.0 V) 


OUTPUTS 
AND POWER SECTIONS 


Top 
Drive 
Output 
Sink Saturation 
(Isink 
= 25 mAl 
VCE(sat) 
- 
0.95 
1.5 
V 


Top Drive 
Output 
Off-State 
Leakage 
(VCE ~ 40 VI 
IDRVlleak) 
- 
2.0 
100 
IJ.A 


Top Drive 
Output 
Switching 
Time 
ICL ~ 47 pF, RL 
1.0 k) 
ns 


Rise Time 
tr 
- 
100 
300 


Fall Time 
tf 
- 
35 
300 


Bottom 
Drive Output 
Voltage 
V 


High State IIsource 
~ 50 mAl 
VOH 
IVC-3.0) 
(VC 
2.4) 
- 


Low State (Isink 
~ 50 mAl 
VOL 
- 
1.5 
2.0 


Bottom 
Drive 
Output 
Switching 
Time 
(CL = 1000 pF) 
ns 


Rise Time 
tr 
- 
75 
200 


Fall Time 
tf 
- 
65 
200 


Fault Output 
Sink Saturation 
IIsink 
~ 16 mAl 
VCElsat) 
- 
225 
500 
mV 


Fault Output 
Off-State 
Leakage 
(VCE ~ 20 VI 
IFLTlleak) 
- 
1.0 
100 
I,A 


Under 
Voltage 
Lockout 
V 


Drive 
Outputs 
Enabled 
(VCC or Vc Increasing) 
Vth(on) 
8.2 
9.1 
10 


Hysteresis 
VH 
0.1 
0.2 
0.3 


Power 
Supply 
Current 
mA 


VCC and Vc 
20 V 
VCC Current 
(Pin 17) 
ICC 
- 
16 
22 
Vc Current 
(Pin 18) 
IC 
- 
3.0 
7.0 


100 


I 
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Pin No. 
Function 
Description 


1,2,24 
BT,AT,CT 
These three open collector Top Drive Outputs are designed to drive the 
external upper power switch transistors. 


3 
FWD REV 
The Forward/Reverse 
input is used to change the direction 
of motor 
rotation. 


4, 5, 6 
SA, SB, Sc 
These three Sensor Inputs control the commutation 
sequence. 


7 
Output Enable 
A logic high at this input causes the motor to run, while a low causes it 
to coast. 


8 
Reference Output 
This output provides charging current for the oscillator 
timing 
capacitor 
CT and a reference for the error amplifier. 
It can also furnish sensor 
power. 


9 
Current Sense Input 
A 100 mV signal at this input terminates 
output switch conduction 
dur- 
ing a given oscillator 
cycle. 


10 
Oscillator 
The Oscillator frequency 
is programmed 
by the values selected for tim- 
ing components 
RT and CT- 


11 
Error Amp Non-Inverting 
This input is normally 
connected to the speed set potentiometer. 
Input 


12 
Error Amp Inverting 
Input 
This input is normally 
connected to the Error Amp Output in open-loop 
applications. 


13 
Error Amp Output PWM 
This pin is available for compensation 
in closed-loop 
applications. 


Input 


14 
Fault Output 
This open collector output is active low during one or more of the foI- 


I 


lowing conditions: 
Invalid Sensor Input code, Enable Input at logic 0, 
Current Sense Input> 
100 mY, Undervoltage 
Lockout activation, 
and 


Thermal Shutdown. 


15 
Ground 
This pin is the control circuitry 
ground 
return and is connected back to 
the source ground. 


16 
Drive Ground 
This pin is a separate power ground 
return that is connected back to 
the power source. It reduces the effects of switching 
transient 
noise on 
the control circuitry. 


17 
VCC 
This pin is the positive supply of the control 
IC. The controller 
is func- 
tional over a minimum 
VCC range of 10 V to 40 V. 


18 
Vc 
The high state (VOHI of the Bottom Drive Outputs are set by the volt- 
age applied to this pin. The controller 
is operational 
over a minimum 


Vc range of 10 V to 40 V. 


19,20,21 
CB, BB,AB 
These three totem pole Bottom Drive Outputs are designed for direct 
drive of the external bottom power switch transistors. 


22 
N.C. 
No connection. 
This pin is not internally 
connected. 


23 
Brake Input 
A logic low at this input causes the motor to run, while a high causes 
rapid deceleration. 


INTRODUCTION 


The Motorola 
MC33034 is a high performance 
mon- 
olithic brushless motor controller 
containing 
all of the 
active functions 
required to implement 
a full featured, 
open-loop, 
three or four phase motor control system. 
These integrated 
circuits are constructed 
with Bipolar 
Anaiog technology 
which offers a high degree of per- 
formance and ruggedness in hostile industrial environ- 
ments. 
The MC33034 
consists 
of a rotor 
position 
decoder for proper commutation 
sequencing, temper- 
ature compensated reference capable of supplying sen- 
sor power, frequency 
programmable 
sawtooth oscilla- 
tor, 
fully 
accessible 
error 
amplifier, 
pulse 
width 
modulator comparator, three open collector top drivers, 
and three high current totem pole bottom drivers ideally 
suited for driving 
power MOSFETs. 


Also included 
are protective 
features consisting 
of 
undervoltage 
lockout, 
cycle by cycle current 
limiting 
with a selectable time delayed latched shutdown mode, 
Internal thermal 
shutdown, 
and a unique fault output 
that can be interfaced 
into microprocessor 
controlled 
systems. 
Typical 
motor 
control 
functions 
include 
open-loop 
speed control, forward or reverse direction, run enable, 
and dynamic braking. 


FUNCTIONAL DESCRIPTION 


A representative 
internal block diagram and a typical 
system application 
are shown in Figures 19 and 36. A 
discussion of the features and function 
of each of the 
internal blocks is given below. 


Rotor Position Decoder 


An internal rotor position decoder monitors the three 
sensor 
inputs 
(Pins 4, 5, 61 to 
provide 
the 
proper 
sequencing 
of the top and bottom 
drive outputs. The 
sensor inputs 
are designed 
to interface directly 
with 
open collector type Hall effect switches or opto slotted 
couplers. Internal pull-up resistors are included to min- 
imize the required number of external components. The 
inputs are TTL compatible, with the thresholds typically 
at 1.4 volts. The MC33034 Series consists of two device 
types, each is designed to control three phase motors 
and operate with two of the four most common 
con- 
ventions 
of sensor 
phasing. 
The 
MC33034P60 
is 
intended to operate with an electrical sensor phasing 
of 60" or 300° and the MC33034P120 with 120° or 240°. 
With three sensor inputs there are eight possible input 
code combinations, 
six of these are valid rotor posi- 
tions. The remaining two codes are invalid and are usu- 
ally caused by an open or shorted sensor line. When 
an invalid input condition exists, the fault output is acti- 
vated and the drive outputs are disabled. With six valid 
input codes, the decoder can resolve the rotor positiQn 
to within a window 
of 60 electrical degrees. 


The forward/reverse 
input (Pin 3) is used to change 
the direction of motor rotation by reversing the voltage 
across the stator 
winding. 
When this input 
changes 
state, from high to low with a given sensor input code 


(for example 
100). the enabled top and bottom 
drive 
outputs with the same alpha designation are exchanged 
(AT to AB, CB to CTI. In effect 
the commutation 
sequence is reversed. 
Motor on/off control 
is accomplished 
by the output 
enable 
(Pin 71. When 
left disconnected, 
an internal 
40 J-LAcurrent 
source enables sequencing 
of the top 
and bottom 
drive outputs. 
When grounded, 
the top 
drive outputs turn off and the bottom drives are forced 
low, causing 
the motor 
to coast and activating 
the 
fault output. 
Dynamic motor braking allows an additional 
margin 
of safety to be designed into the final product. Braking 
is accomplished 
by placing the brake input (Pin 23) in 
a high state. This causes the top drive outputs to turn 
off and the bottom drives to turn on, shorting the motor- 
generated back EMF.The brake input has unconditional 
priority over all other inputs. The internal 20 kfl pull-up 
resistor simplifies 
interlacing 
with the system safety- 
switch by ensuring 
brake activation 
if opened or dis- 
connected. The commutation 
truth 
table is shown 
in 


Figure 20. A four input AND gate is used to monitor the 
brake input and the three top drive outputs. Its purpose 
is to disable braking until the top drive outputs attain a 
high state. This helps to avoid simultaneous conduction 
of the top and bottom 
power switches. 
In half wave 
motor drive applications, the top drive outputs are not 
required 
and are typically 
left disconnected. 
Under 
these conditions 
braking will be disabled by the AND 
gate. If required, it can be enabled by connecting a sin- 
gle pull-up resistor from VCCto the three open collector 
outputs. Figure 38 shows a pull-up method utilizing the 
enable input current source. 


Error Amplifier 
A high performance, fully compensated error ampli- 
fier with access to both inputs and output (Pins 11, 12, 
13) is provided 
to facilitate 
the implementation 
of 
closed-loop motor speed control. The amplifier features 
a typical 
DC voltage 
gain 
of 95 dB, 800 kHz gain 
bandwidth, 
and a wide input common mode voltage 


range that extends from ground to VCC - 2.0 V. In most 
open-loop 
speed control 
applications, 
the amplifier 
is 
configured as a unity gain voltage follower with the non- 
inverting 
input 
connected 
to the speed set voltage 
Source. Additional 
configurations 
are shown in Figures 
31 through 35. 


Oscillator 
The frequency of the internal ramp oscillator 
is pro- 
grammed by the values selected for timing components 
RT and CT· Capacitor CT is charged from the reference 
output 
(Pin 81 through 
resistor RT and discharged 
by 
an internal transistor. 
The ramp peak and valley volt- 
ages are typically 4.0 V and 1.5 V respectively. To pro- 
vide a good compromise 
between audible noise and 
output switching 
efficiency, an oscillator 
frequency 
in 
the range of 20 kHz to 30 kHz is recommended. 
Refer 
to Figure 1 for component 
selection. 
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Inputs 
(Note 
1) 
Outputs 
(Note 
2) 


Sensor 
Electrical 
Top 
Bottom 


Phasing 
Drives 
Drives 


MC33034P60 
MC33034P120 
60· 
120· 
Current 


SA 
SB 
Sc 
SA 
SB 
Sc 
FIR 
Enable 
Brake 
Sense 
AT 
BT 
CT 
AB 
BB 
CB 
Fault 


1 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
1 
1 
0 
0 
1 
1 


1 
1 
0 
1 
1 
0 
1 
1 
0 
0 
1 
0 
1 
0 
0 
1 
1 


1 
1 
1 
0 
1 
0 
1 
1 
0 
0 
1 
0 
1 
1 
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0 
1 
0 
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0 
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0 
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0 
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1 
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0 
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1 
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1 
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1 
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1 
0 
1 
1 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
n 
1 
1 
0 
0 
1 
0 
0 
1 
0 
1 
0 
0 
1 
0 
1 
0 
0 
1 
1 


0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
0 
1 
1 
0 
0 
1 


1 
0 
1 
0 
0 
0 
X 
X 
0 
X 
1 
1 
1 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
X 
X 
0 
X 
1 
1 
1 
0 
0 
0 
0 


X 
X 
X 
X 
X 
X 
X 
0 
0 
X 
1 
1 
1 
0 
0 
0 
0 


V 
V 
V 
V 
V 
V 
X 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 


X 
X 
X 
X 
X 
X 
X 
X 
1 
1 
1 
1 
1 
1 
1 
1 
0 


X 
X 
X 
X 
X 
X 
X 
X 
0 
1 
1 
1 
1 
0 
0 
0 
0 


Notes: 


1. The digital 
inputs 
(Pins 3, 4, 5, 6, 7, 23) are all Tll compatible. 
The current 
sense input 
(pin 9) has a 100 mV threshold. 


A logic 
0 for this 
input 
is defined 
as ~ 80 mY, and a logic 
1 IS 
'" 
120 mY. 


2. The fault 
and top drive 
outputs 
are open 
collectors 
and are active 
in the low (0) state. 


3. V ,. anyone 
of the six valid 
sensor 
combinations. 


X 
= 
Don't 
care. 


Pulse Width Modulator 
The use of pulse 
width 
modulation 
provides 
an 


energy efficient method of controlling 
the motor speed 


by varying the average voltage applied to each stator 
winding 
during lhe commutation 
sequence. As CT dis· 


charges, the oscillator 
sets both latches, allowing 
con- 


duction of the top and bottom drive outputs. The PWM 
comparator 
resets the upper latch, terminating 
bottom 
drive output conduction 
when the positive-going 
ramp 


on CT become, 
greater than the error amplifier 
output. 
The pulse width modulator timing diagram is shown in 
Figure 21 
Pulse width 
modulation 
for speed control 


appears only at the bottom drive outputs. 


Current Limit 


Continuous 
operation 
of a motor 
that 
is severely 


overloaded 
results 
in overheating 
and eventual 
fail- 


ure. This destructive 
condition 
can best be prevented 


with 
the use of cyete-by·cycle 
current 
limiting. 
That 


is, each on· cycle is treated as a separate problem. This 
is Implemented 
by monitoring 
the stator current build- 


up each time the output 
switch 
conducts, 
and upon 


sensing an over current condition, 
immediately 
turns 


off the switch and holds it off for the duration 
of the 


oscillator 
ramp-up 
period. 
The stator current 
is con- 
verted to a voltage 
by inserting 
a ground-referenced 
sense resistor 
RS (Figure 36) in series with the three 
bottom 
switch transistors 
(04, 05, 061. This voltage 
is monitored 
by. the current 
sense input (pin 91, and 


compared 
to 
an 
internal 
100 mV 
reference. 
If 


exceeded, the comparator 
resets the lower latch and 
terminates 
output 
switch 
conduction. 
The value for 


the sense resistor is: 


0.1 


lstator(max) 


condition. 
The dual-latch 
PWM configuration 
ensures 


that only a single output conduction 
pulse will occur 


during any given oscillator 
cycle, whether 
terminated 
by the 
output 
of the 
error 
amp 
or current 
limit 
comparator. 


Reference 
The on chip 6.25 V regulator (Pin 8) provides charging 
current for the oscillator 
timing 
capacitor, a reference 


for the error amplifier, 
and has a current capability 
of 
40 mA for direct power of the sensors in low voltage 
applications. 
In higher 
voltage 
applications 
it may 


become necessary to transfer the power dissipated by 
the regulator off the I.C.This is easily accomplished with 
the addition of an external pass transistor as shown in 
Figure 22. A 6.25 V reference level was chosen to allow 
implementation 
of the simpler NPN circuit, where Vref 


- 
VSE exceeds the minimum 
voltage required by Hall 


effect sensors over temperature. With proper transistor 
selection, and adequate heatsinking, 
up to 1.0 amp of 


load current can be obtained. 


The 
NPN 
CirCUit 
is recom· 


mended 
for powenng 
Hall 
or opto 
sensors, 
where 
the 
output 
voltage 
temperature 
coefficient 
is not 
critical. 


The 
PNP circuit 
is slightly 
more 
complex, 
but 
is also 


mOre 
accurate 
over 
temper- 


ature. 
Neither 
cirCUit has 
current 
limiting. 
Sensor 
Power 
~ 5.6 v 


To Control 
Circuitry and 
Sensor Power 
6.25 V 


I 
, 
I 
I 
I 
I 
I 
I 
1 


Capacl'o, C1----l /1 /:J 
/1 
/1 VVV 


Error Amp Out 
L-.l 
V 
V V 
PWMlnput~ 
V 


I 
I 
I 
I 
I 
I 
I 
I 
I 
_______ 
LJL 


I 
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I 
I 
_______ 
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I 
I 


I 
I 
Ul 
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Undervoltage 
lockout 
A triple Undervoltage 
lockout 
has been incorporated 
to prevent 
damage to the control 
IC and the external 
power switch transistors. 
Under low power supply con- 
ditions, 
it guarantees that the IC and sensors are fully 
functional, 
and that there is sufficient 
bottom drive out- 
put voltage. The positive power supplies to the IC (VCC) 
and the bottom drives (VC) are each monitored 
by sep- 
arate comparators 
that have their thresholds 
at 8.9 V. 


This level ensures sufficient 
gate drive for low rOS(on) 
when interfacing with standard power MOSFETs. When 
directly 
powering 
the Hall sensors from the reference, 
improper 
sensor operation can result if the output volt- 
age should fall below 4.5 V. A third comparator 
is used 
to detect this condition. 
If one or more of the compar- 
ators detects an undervoltage 
condition, the fault output 
is activated, the top drives are turned off and the bottom 
drive outputs are held in a low state. Each of the com- 
parators contain hysteresis to prevent oscillations when 
crossing their respective thresholds. 


Fault Output 


The 
open 
collector 
fault 
output 
(Pin 
14) was 
designed 
to 
provide 
diagnostic 
information 
in the 
event of a system 
malfunction. 
It has a sink current 
capability 
of 16 mA and can directly 
drive a light emit- 
ting diode for visual indication. 
Additionally, 
it is eas- 
ily interfaced 
with TTUCMOS 
logic for use in a micro- 
processor controlled 
system. The fault output 
is active 
low 
when 
one or more 
of the following 
conditions 
occur: 


1) Invalid Sensor Input code. 
2) Enable Input at logic 
"0." 
3) Current Sense Input> 
100 mY. 
41 Undervoltage 
Lockout, activation 
of one or more 
of the comparators. 
51 Thermal 
Shutdown, 
maximum 
junction 
tempera- 
ture has been exceeded. 


This unique 
output 
can also be used to distinguish 
between 
motor 
start-up 
or sustained 
operation 
in an 
overloaded 
condition. 
With the addition 
of an R C net- 
work between the fault output and the enable input, it 
is possible to create a time-delayed 
latched shutdown 
for overcurrent. 
The added circuitry shown in Figure 23, 
makes easy starting of motor systems which have high 
inertial 
loads by providing 
additional 
starting 
torque, 
while still preserving 
overcurrent 
protection. 
This task 
is accomplished 
by setting the current limit to a higher 
than nominal 
value for a predetermined 
time. Ouring 
an excessively 
long 
overcurrent 
condition, 
capacitor 
COLY will charge causing the enable input to cross its 
threshold 
to a low state. A latch will now be formed by 
a positive 
feedback loop from the fault output 
to the 
enable input. Once set by the current sense input, it can 
only be reset by shorting 
COLY or cycling the power 
supply. 


Drive Outputs 
The three top drive outputs 
(Pins 1, 2, 24) are open 
collector 
NPN transistors 
capable 
of sinking 
50 mil- 
liamps with a minimum 
breakdown 
of 45 volts. Inter- 
facing into higher voltage applications 
is easily accom- 
plished with the circuits shown in Figures 24 and 25. 


The three totem pole bottom drive outputs 
(Pins 19, 
20,211 are particularly 
suited for direct drive of 'N'chan- 
nel MOSFETs or NPN bipolar transistors 
(Figures 26, 27 
and 28). Each output is capable of sourcing and sinking 
up to 100 mA. Power for the bottom 
drives is supplied 
from Vc (Pin 18). This separate supply input allows the 
designer added flexibility 
in tailoring 
the drive voltage, 
independent 
of VCC. 
A zener clamp 
is typically 
con- 


nected to this input when driving 
power MOSFETs in 
systems where VCC is greater than 20 V. 
A separate drive ground (Pin 16) is included to reduce 
the effects of switching 
transient 
noise imposed on the 
current sense input. This feature becomes particularly 
useful when driving 
current 
sensing power MOSFETs 
(Figure 291. 


Thermal Shutdown 


Internal 
thermal 
shutdown 
circuitry 
is provided 
to 
protect the IC in the event that the maximum 
junction 
temperature 
is exceeded. When activated, typically 
at 
170·C, the I.C. acts as though 
the enable 
input 
was 
grounded. 


( 
Vref- 
(IlL enable ROLY) 
) 
tOLY ~ ROLY COLY In 
Vth enable - (IlL enable ROLyl 


( 
6.25 - (40x10 - 6 ROLV)) 


~ ROLY COLY In 
1.4- (40x10 -6 
ROLY) 


POS 
DEC 
:.}J1 


Transistor 01 is a common base stage used to level shift from VCC to 
the 
high 
motor 
voltage 
VM. 
The 
collector 
diode 
is required 
if VCC 
is 
present 
while 
VM 
is low. 


The addition 
of the RC filter 
will 
eliminate 
current-limit 
instability 
caused 
by the leading 
edge 
spike 
on the current 
waveform. 
Resistor 
AS should 
be a low 
inductance 
type. 


:h 
t 
-Itr 
Base Charge 
Remo .•••1 


POS 
DEC 


Vcc 
'" 12 V 
Vaoast 
2}J~ 


1 J- 


47k 


24 
MOC8204 


Optocoupler 


Series gate resistor Rg will damp any high frequency oscillations 
caused 
by the MOSFET input capacitance and any series wiring inductance in 
the gate-source 
circuit. 
Diode 
0 is required 
jf the 
negative 
current 
into 


the Bottom 
Drive 
Outputs 
exceeds 
5.0 mA 
peak. 


PO_t. G,ound 
To Inp!.ll Sou,et 
Rtlu,n.ncl 
OrovtG'ouncl 
P,n 
16 


Rs' 'pit' rOSlon) 


VPin 9'" 
rOM(on) + Rs 


II 
SENSEFET 
MTP10Nl0M 


Rs - 
200 


Then 
Vpin9" 
O.751pk 


• 


•• 


10200 VV·' 
VBoo" 


• 
22 


1NS352A 


VM 
170 V 


Enabler 


Resistors 
Rl 
with 
capacitor 
C sets 
the 
acceleration 
time 
constant 
while 


R2 controls 
the deceleration. 
The values 
of Rl 
and 
R2 should 
be at least 
ten times 
greater 
than 
thaI 
of the speed 
set potentiometer 
to minimize 
time 
constant 
variations 
with 
different 
speed 
settings. 


0.,1 


The 
rotor 
position 
sensors 
can be used 
as a tachometer. 
By differen- 
tiating 
the 
positive~going 
edges 
and then 
integrating 
them 
over 
time. 


a voltage 
proportional 
to speed 
can 
be generated. 
The 
error 
amp 
com- 


pares 
this 
voltage 
to that 
of the 
speed 
set to control 
the 
PWM. 


12 P3 


13 


.m { 
Inputs 


15 
PO 


The SN74LS175 is an open collector 
BCD to One of Ten decoder. When 


connected 
as shown, 
input 
codes 
0000 through 
1001 steps 
the PWM 
in 
increments 
of approximately 
10% from 
0 to 90% on-time. 
Input 
codes 


1010 through 
1111 will 
produce 
100% on-time 
or full 
motor 
speed. 


VB 
~ 
(~+1) 


R1 


R3 '» 
R5 
R6 


R5 


VB 


R6 


This 
circuit 
can control 
the 
speed 
of a cooling 
fan 
proportional 
to the 
difference 
between 
the 
sensor 
and 
set temperatures. 
The 
control 
loop 
is closed 
as the 
forced 
atr 
cools 
the 
NTC 
thermistor. 
For 
controlled 
heating 
applications. 
exchange 
the 
positions 
of R1 and 
R2. 


also aid in spike reduction. 
Care must be taken in the 


selection of the bottom power switch transistors so that 
the current during braking does not exceed the device 
rating. 
During 
braking, the peak current 
generated 
is 


limited only by the series resistance of the conducting 
bottom switch and winding. 


Three Phase Motor Commutation 


The three phase application 
shown in Figure 36 is a 
full-featured 
open·loop motor controller with full wave, 
six step drive. The upper power switch transistors 
are 
Darlingtons 
while 
the lower devices are power 
MOS- 


FETs. Each of these devices contains an internal para- 
sitic catch diad" 
that is used to return the stator induc- 


tive energy back to the power supply. The outputs are 
capable of driving 
a delta or wye connected stator, and 


a grounded 
neutral wye if split supplies 
are used. At 


any given rotor position, only one top and one bottom 
power switch (of different totem polesl is enabled. This 
configuration 
switches both ends of the stator winding 
from supply to ground 
which causes the current flow 
to be bidirectional 
or full wave. A leading edge spike is 


usually present on the current waveform 
and can cause 


a current-limit 
instability. 
The spike can be eliminated 
by adding an RC filter in series with the current sense 
input. Using a low inductance type resistor for RS will 


I 
_ 
VM + EMF 
peak - 
Rswitch + Rwinding 


If the motor is running at maximum speed with no load, 
the generated back EMF can be as high as the supply 
voltage, 
and at the onset of braking the peak current 
may approach twice the motor stall current. Figure 37 
shows the commutation 
waveforms 
over two electrical 


cycles. The first cycle (0° to 360°) depicts motor oper- 
ation at full speed while the second cycle (360° to 720°) 
shows a reduced speed with 
about 50 percent pulse 
width modulation. 
The current waveforms 
reflect a con- 


stant torque 
load and are shown synchronous 
to the 


commutation 
frequency for clarity. 


Sensor 
Inputs 
MC33034P60 


Rotor 
Electrical 
Position 
(Degrees) 


60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 


I 
I 
I 
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I 
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Sensor 
Inputs 
, 


MC33034P120 
Sc 
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Top Drive 
Outputs 
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Drive 
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11001110 
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I 
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I 
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I 
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Figure 38 shows a three phase, three step, half wave 
motor controller, 
This configuration 
is ideally suited for 
automotive 
and other 
low voltage 
applications 
since 
there is only one power switch voltage 
drop in series 
with a given stator winding, 
Current flow 
is unidirec- 
tional or half wave because only one end of each wind- 
ing is switched, Continuous 
braking with the typical half 
wave arrangement 
presents a motor overheating 
prob- 
lem since stator current is limited 
only by the winding 
resistance, This is due to the lack of upper power switch 
trAnsistors, as in the full wave circuit, used to disconnect 
the windings 
from 
the supply 
voltage 
VM, 
A unique 


solution 
is to provide braking until the motor stops and 
then turn 
off the bottom 
drives, This can be accom- 
plished 
by using the fault output 
in conjunction 
with 
the enable input as an over current timer. Components 
RDLy and CDLyare selected to give the motor sufficient 
time to stop before latching the enable input and the 
top drive AND gate low, To enabling the motor, the PNP 
transistor 
along with 
resistors 
R1 and R3 are used to 
reset the latch by discharging 
CDLY upon brake switch 
closure, The stator flyback voltage is clamped by a sin- 
gle zener and three diodes, 


11It:1t: 
are four conventiOns used to establish the rel- 
ative 
phasing 
of the 
sensor 
signals 
in three 
phase 
motors. With six step drive, an input signal change must 
occur every 60 electrical degrees, however, the relative 
signal phasing is dependent 
upon the mechanical sen- 
sor placement. A comparison 
of the conventions 
in elec- 
trical degrees is shown in Figure 39(a). From the sensor 
phasing table, Figure 39(bj, note that the order of input 
codes for 60° phasing is the reverse of 300°. This means 
that a P60 suffix part will operate with either convention 
with a resulting 
change in rotor direction. 
The same is 
true for the P120 part operating 
between 120° and 240° 


conventions. 
Further examination 
of the 60° and 120° 


columns 
reveal that either suffix part will operate with 
any of the sensor conventions 
with the addition 
of an 


I 
I 


60·1::~ 
~-~ 
~ 
Sc ---.J~--~~_~ 
L 


f 120'1::i~ 
~ 
i 
5C,I~i-I--.:-----------~I 
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I 
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Sensor Electrical Phasing (Degrees) 


60" 
t20· 
240" 
300· 


SA 
58 
Sc 
SA 
58 
Sc 
SA 
58 Sc 
SA 
58 
Sc 
1 
0 
0 
1 
0 
1 
1 , 
0 
1 .(1'). 
1 


1 It I 
0 
1 
0 
0 
1 
0 
0 
1 
111 
0 


1 "'.t7, 
, 
1 
0 
1 
0 , 
1 
0 
0 
0 , , 
0 
1 
0 
0 
0 , 
0 
0 
0 


0 
0 , 
0 
1 
1 
0 
1 , 
0 
0 , 


0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
1 , 


shown in Figure 40. 
In this data sheet, the rotor position 
has always been 
given in electrical 
degrees. since the mechanical 
posi- 


tion is a function 
of the number 
of rotating 
magnetic 


poles. 
The relationship 
between 
the electrical 
and 


mechanical 
position 
is: 


. 
. 
(#Rotor 
pOles) 
Electrical Degrees = Mechanical 
Degrees 
2 


An increase in the number of magnetic 
poles causes 


more electrical revolutions 
for a given mechanical 
rev- 


olution. 
General purpose three phase motors typically 
contain 
a four 
pole rotor 
which 
yields 
two 
electrical 


revolutions 
for one mechanical. 


From 
Sensors 
f s.•. 


600 or 300 


0 
J 


Electrical 
1 58 


Phasing 


From 
Sensors 


1200 or 2400 


Electrical 
Phasing 


Two and Four Phase Motor Commutation 
The MC33034P60 is also capable of providing 
a four 


step output that can be used to drive two or four phase 
motors. The truth table in Figure 41 shows that by con- 
necting sensor inputs SB and Sc together, it is possible 
to truncate the number of drive output states from six 
to four. The output 
power switches 
are connected 
to 
BT, CT, BB, and CB· Figure 42 shows a four phase, four 
step, full wave motor control application. 
Power switch 


transistors 
01 through 
08 are Darlington 
type, each 
with 
an internal 
parasitic catch diode. With four step 
drive, only two rotor position sensors spaced at 90 elec- 
trical 
degrees are required. 
The commutation 
wave- 
forms are shown in Figure 43. 
Figure 44 shows a four phase, four step, half wave 
motor controller. 
It has the same features as the circuit 


in Figure 38, except for the deletion of braking. 
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LAYOUT CONSIDERATIONS 
Do not attempt 
to construct any of the brushless 
motor control circuits on wire-wrap 
or plug-in proto- 
type boards. High frequency printed circuit layout tech- 
niques 
are imperative 
to prevent 
pulse jitter. This is 
usually caused by excessive noise pick-up imposed on 
the current sense or error amp inputs. The printed circuit 
layout should contain a ground plane with low current 
signal and high current drive and output buffer grounds 


returning 
on separate paths back to the power supply 


input 
filter 
capacitor 
VM. Ceramic bypass capacitors 
(0.1 I-'Fl connected close to the integrated circuit at VCC. 
VC. Vref and the error amp non-inverting 
input may be 
required 
depending 
upon circuit layout. This provid~s 
a low impedance 
path for filtering 
any high frequency 
noise. All high current loops should be kept as short as 
possible using heavy copper runs to minimize radiated 
EM!. 


pos 
DEe 
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® MOTOROLA 


The MC33039 is a high performance 
closed-loop 
speed control 
adapter specifically designed for use in brush less dc motor control 
systems. Implementation 
will allow precise speed regulation with- 
out the need for a magnetic 
or optical 
tachometer. 
This device 
contains three input buffers each with hysteresis for noise immu- 
nity, three digital 
edge detectors, 
a programmable 
monostable, 


and an internal shunt regulator. Also included is an inverter output 
for use in systems 
that 
require 
conversion 
of sensor 
phasing. 


Although 
this 
device 
is primarily 
intended 
for 
use with 
the 
MC33034 brush less motor 
controller, 
it can be used cost effec- 


tively in many other closed-loop 
speed control 
applications. 


• 
Digital Detection of Each Input Transition 
for Improved 
Low 
Speed Motor Operation 


• 
TTL Compatible 
Inputs With Hysteresis 


• 
Operation 
Down to 5.5 V for Direct Powering from MC33034 
Reference 


• 
Internal Shunt Regulator Allows 
Operation from a Non- 


Regulated Voltage Source 


• 
Inverter Output for Easy Conversion 
Between 60°/300° and 
120°/240° Sensor Phasing Conventions 


{ 


J 
". 


To 
Rotor 
Pos,l,on 
<;!Ie 
Sensors 


"" 


CLOSED-LOOP 
BRUSH LESS MOTOR 
ADAPTER 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


{ 


4>C' 


4>8 
Inputs 


4>A 


4>A 


Package 


Plastic 
DIP 


Rating 
Symbol 
Valua 
Unit 


VCC Zener 
Current 
IZ(VCCI 
30 
mA 


Logic 
Input 
Current 
(Pins 
1,2,3) 
IIH 
5.0 
mA 


Output 
Current 
(Pin 4, 5), Sink 
or Source 
IDRV 
20 
mA 


Power 
Dissipation 
and Thermal 
Characteristics 


Maximum 
Power 
Dissipation 
@ TA = 
+85'C 
Po 
650 
mW 
Thermal 
Resistance 
Junction 
to Air 
R8JA 
100 
'c/w 


Operating 
Junction 
Temperature 
TJ 
+150 
'c 


Operating 
Ambient 
Temperature 
Range 
TA 
-40 
to 
+85 
'c 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
'c 


ELECTRICAL 
CHARACTERISTICS 
(VCC = 6.25 V, RT = 10 k, CT = 22 nF, TA = 25'C 
unless 
otherwise 
noted) 


Characteristic 
I 
Symbol 
I 
Min 
I 
Typ 
I 
Max 
Unit 


Input 
Threshold 
Voltage 
V 
High 
State 
VIH 
2.4 
2.1 
- 
Low 
State 
VIL 
- 
1.4 
1.0 
Hysteresis 
VH 
0.4 
0.7 
0.9 


Input 
Current 
-60 
p.A 


High 
State 
(VIH = 5.0 VI 
IIH 
-0.3 


4>A 
-40 
-80 


4>B,4>c 
- 
-300 
-5.0 
Low 
State 
(VIL = 0 V) 
IlL 
-0.3 


4>A 
- 190 
-380 


4>B,4>C 
- 
-5.0 


Output 
Voltage 
V 
High 
State 
VOH 
fout 
(lsource 
= 5.0 mAl 
3.60 
3.95 
4.20 


4>"A(lsource 
= 2.0 mAl 
4.20 
4.75 
- 
Low 
State 
VOL 
fout 
(lsink 
= 10 mAl 
- 
0.25 
0.50 


4>"A(lsink 
= 10 mAl 
- 
0.25 
0.50 


Capacitor 
CT Discharge 
Current 
Idischa 
20 
35 
60 
mA 


Output 
Pulse 
Width 
(Pin 
5) 
tw 
205 
225 
245 
p.s 


Power 
Supply 
Operating 
Voltage 
Range 
ITA = 
- 40'C 
to 
+ 85'C) 
VCC 
5.5 
- 
Vz 
V 


Power 
Supply 
Current 
Ice 
1.8 
3.9 
5.0 
mA 


Zener 
Voltage 
IIZ = 10 mAl 
Vz 
7.5 
8.25 
9.0 
V 


Zener 
Dynamic 
Impedance 
(diZ = 10 mA 
to 20 mA, 
f '" 
1.0 kHz) 
IZkal 
- 
2.0 
5.0 
n 


•• 


60° Sensor 
Electrical 
Phasing 
Input 


AGURE 1 - 
TYPICAL THREE PHASE, SIX STEP MOTOR APPUCATION 
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OPERATING 
DESCRIPTION 


The 
MC33039 provides 
an economical 
method 
of 
implementing 
closed-loop speed control of brushless dc 
motors by eliminating 
the need for a magnetic or optical 
tachometer. 
Shown in the timing 
diagram 
of Figure 1, 
the three 
inputs 
(Pins 1, 2, 3) monitor 
the brush less 
motor 
rotor position 
sensors. Each sensor signal tran- 
sition is digitally detected, OR'ed at the Latch 'Set' Input, 
and causes CT to discharge. 
A corresponding 
output 
pulse is generated at fout (Pin 5) of a defined amplitude, 
and programmable 
width 
determined 
by the values 
selected for RT and CT (Pin 6). The average voltage of 
the 
output 
pulse train 
increases 
with 
motor 
speed. 


When fed through 
a low pass filter or integrator, 
a dc 
voltage 
proportional 
to speed is generated. 
Figure 2 
shows the proper connections 
for a typical closed loop 


application 
using the MC33034 brushless 
motor 
con- 
troller. 
Constant speed operation 
down to 100 RPM is 
possible with economical three phase four pole motors. 


The 4>A inverter 
output 
(Pin 4) is used in systems 
where the controller 
and motor 
sensor phasing 
con- 
ventions 
are not compatible. 
A method 
of converting 
from either convention to the other is shown in Figure 3. 
For a more detailed explanation 
of this subject, refer to 
the text above Figure 39 on the MC33034 data sheet. 


The output pulse amplitude VOH is constant with tem- 
perature and controlled 
by the supply voltage on VCC 
(Pin 8). Operation 
down 
to 5.5 V is guaranteed 
over 
temperature. 
For systems 
without 
a regulated 
power 
supply, an internal 8.25 V shunt regulator 
is provided. 
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@ MOTOROLA 


Specifications 
and Applications 
Information 


The SAA1042 drives a two-phase 
stepper motor 
in the bipolar 
mode. The device contains: 
three input stages, a logic section and 
two output 
stages. 


• 
Drive Stages Designed for Motors: 
6.0 V and 
12 V: SAA1042 
24 V: SAA1042A 


• 
500 mAiCoil 
Drive Capability 


• 
Built-In Clamp Diodes for Overvoltage 
Suppression 


• Wide Logic Supply Voltage Range 


• 
Accepts Commands 
for CW/CCW and Half/Full Step Operation 


• 
Inputs Compatible 
with Popular Logic Families: MOS, TIL, DTL 


• 
Set Input Defined Output State 


• 
Drive 
Stage 
Bias Adaptable 
to Motor 
Power 
Dissipation 
for 
Optimum 
Efficiency 


Vcc 


'1 


9 


Gnd 


SAA1042 
SAA1042A 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


Note: 
Case heat sink is electrically 
con- 


nected to ground (Pin 9) through 
the die substrate. 


Rating 
Symbol 
SAA1042 
I 
SAA1042A 
Unit 


Clamping 
Voltage 
(Pins 
1, 3, 14 & 16) 
Vclamo 
20 
I 
30 
V 


Over Voltage 
(VOV = Vclamo 
- 
VM) 
VOV 
6.0 
V 


Supply 
Voltage 
VCC 
20 
I 
30 
V 


Switching 
or Motor 
CurrenVCoil 
1M 
500 
mA 


Input 
Voltage 
(Pins 7, 8 & 10) 
Vin clock 
VCC 
V 
Vin 
Full/Half 
Vin CW/CCW 


Power 
Dissipation 
Po" 
2.0 
W 


Derate 
above 
TA = 25·C 
1/8JA 
20 
mWrC 


Thermal 
Resistance. 
Junction 
to Air 
8JA 
50 
.C/W 


Thermal 
Resistance, 
Junction 
to Case 
8JC 
8.0 
·CIW 


Operating 
Junction 
Temper;;lture 
Range 
TJ 
-30 
to + 125 
·C 


Storage 
Temperature 
Range 
Tsto 
-65to 
+ 150 
·C 


Characteristic 
Pin 
Symbol 
VCC 
Min 
Typ 
Max 
Unit 


Supply 
Current 
11 
ICC 
5.0 V 
- 
- 
3.5 
mA 
20 V 
- 
- 
8.5 


Motor 
Supply 
Current 
15 
1M 
mA 
(I Pin 6 = - 400 pA, Pins 
1, 3, 14, 16 Open) 


VM = 6.0 V 
5.0 V 
- 
25 
- 
VM 
~ 
12 V 
5.0 V 
- 
30 
- 
VM 
~ 24 V 
5.0 V 
- 
40 
- 


Input 
Voltage 
- 
High 
State 
7,8.10 
VIH 
5.0 V 
2.0 
- 
- 
V 
10 V 
7.0 
- 
- 
15 V 
10 
- 
- 
20 V 
14 
- 
- 


Input 
Voltage 
- 
Low 
State 
7,8,10 
VIL 
5.0 V 
- 
- 
0.8 
V 
10 V 
- 
- 
1.5 
15 V 
- 
- 
2.5 
20 V 
- 
- 
3.5 


Input 
Reverse 
Current 
- 
High 
State 
7,8,10 
IIR 
5.0 V 
- 
- 
2.0 
pA 


(Vin = VCC) 
10 V 
- 
- 
2.0 
15 V 
- 
- 
3.0 
20 V 
- 
- 
5.0 


Input 
Forward 
Current 
- 
Low State 
7,8,10 
IIF 
5.0 V 
-10 
- 
- 
pA 


(Vin = Gnd) 
10 V 
-25 
- 
- 
15 Ii 
-40 
- 
- 
20 V 
-55 
- 
- 


Output 
Voltage 
- 
High 
State 
1, 3,14,16 
VOH 
5.0 to 20 V 
V 
(VM~12V) 
lout 
~ 
- 500 mA 
- 
VM-2.0 
- 


lout = - 
50 mA 
- 
VM-1.2 
- 


Output 
Voltage 
- 
Low 
State 
1,3.14.16 
VOL 
5.0 to 20 V 
V 
lout = 500 mA 
- 
0.7 
- 
lout 
~ 
50 mA 
- 
0.2 
- 


Output 
Leakage 
Current 
1.3.14. 
16 
lOR 
5.0 to 20 V 
-100 
- 
- 
pA 


(VM = VD ~ Vclamp 
max') 
Pin 6: Open 


Clamp 
Diode 
Forward 
Voltage 
2 
VF 
- 
- 
2.5 
3.5 
V 
(Drop 
at 1M = 500 mAl 


Clock 
Frequency 
7 
Ie 
5.0 to 20 V 
0 
- 
50 
kHz 


Clock 
Pulse Width 
7 
tw 
5.0 to 20 V 
10 
- 
- 
I'S 


Set Pulse Width 
6 
ts 
- 
10 
- 
- 
I'S 


Set Control 
Voltage 
- 
High 
State 
6 
- 
- 
VM 
- 
- 
V 
Low State 
- 
- 
0.5 


Clock - 
(Pin 7) This input is active on the positive edge 
of the clock pulse and accepts 
Logic '1' input 
levels 
dependant 
on the supply voltage 
and includes hyster- 
esis for noise immunity. 


CW/CCW - 
(Pin 10) This input determines 
the motor's 
rotational 
direction. 
When the input 
is held low, (OV, 


see the electrical characteristics) 
the motor's 
direction 
is nominally 
clockwise 
(CW). When the input is in the 
high state, Logic '1,' the motor 
direction 
will 
be nomi- 
nally counter clockwise (CCW), depending on the motor 
connections. 


Full/Half Step - 
(Pin 8) This input determines 
the an- 
gular rotation 
of the motor for each clock pulse. In the 
low state the motor will make a full step for each applied 
clock pulse, while in the high state, the motor will make 
half a step. 


Vo - 
(Pin 2) This pin is used to protect the outputs (1, 
3, 14, 16) where 
large 
positive 
spikes occur 
due to 
switching the motor coils. The maximum 
allowable volt- 
age on these pins is the clamp voltage (Vclamp)' Motor 
performance 
is improved 
if a zener diode is connected 
between Pin 2 and Pin 15 as shown in Figure 1. 


The following 
conditions 
have to be considered when 
selecting the zener diode: 


Vclamp 
= Villi + 6.0 V 


Vz = Vclamp 
- 
VM - 
VF* 


where: VF = clamp diodes forward voltage drop (see 
Figure 4) 


Vclamp: 
•• 20 V for SAA1042 
•• 30 V for SAA1042A 


Pins 2 and 15 can be linked, in this case Vz = 0 V. 


Set/Bias Input - 
(Pin 6) This input has two functions: 


The 
resistor 
RB adapts 
the 
drivers 
to 
the 
motor 
current. 


A pulse via the resistor RB sets the out'puts (1, 3, 14, 
16) to a defined state. 


The resistor RB can be determined 
from the graph of 
Figure 2 according 
to the motor 
current 
and voltage. 


Smaller values of RB will increase the power dissipation 
of the circuit and larger values of RB may increase the 
saturation 
voltage 
of the driver transistors. 
When the "set" 
function 
is not used, terminal 
A of 
the resistor RB must be grounded. 
When the set func- 
tion is used, terminal 
A has to be connected to an open- 
collector 
(buffer) 
circuit. 
Figure 7 shows this configu- 
ration. The buffer 
circuit 
(off-state) 
has to sustain the 
motor 
voltage 
VM. When 
a pulse is applied 
via the 
buffer and the bias resistor RB: 


During the pulse duration, 
the motor 
driver transis- 


tors are turned off. 


After elapsing the pulse, the outputs will have defined 
states. 


Figure 6 shows the timing 
diagram. 


Figure 7 illustrates 
a typical application 
in which the 
SAA1042 drives 
a 12 V stepper 
motor 
with 
a current 
consumption 
of 200 mAlcoi!. 


A bias resistor (RB) of 56 kG is chosen according 
to 
Figure 2. 


The maximum 
voltage permitted 
at the output 
pin is 
VM + 6.0 V (see the Maximum 
Ratings), in this appli- 
cation VM = 12 V, therefore 
the maximum 
voltage 
is 
18 V. The outputs 
are protected 
by the internal diodes 
and an external 
zener connected 
between 
Pins 2 and 
15. 


From Figure 4, it can be seen that the voltage 
drop 
across the internal diodes is about 1.7 V at 200 mA. This 
results in a zener voltage 
between Pins 2 and 15 of: 


Vz = 6.0 V - 
1.7 V = 4.3 V. 


To allow for production 
tolerances 
and a safety mar- 
gin, a 3.9 V zener has been chosen for this example. 


The clock is derived from the line frequency which is 
phase locked by the MC14046B and the MC14024. 
The voltage on the clock input, is normally 
low (Logic 


'0'). The motor steps on the positive going transition 
of 
the clock pulse. 


A Logic '0' applied 
to the Full/Half 
input, 
Pin 8, op- 
erates the motor 
in the Full Step mode. A Logic '1' at 
this input will 
result in the Half Step mode. The logic 
level state on the CW/CCW input, Pin 10, and the con- 
nection of the motor coils to the outputs determines the 
rotational 
direction 
of the motor. 


These two inputs should be biased to a Logic '0' or 
'1' and not left floating. 
In the event of non-use, they 
should be tied to ground or the logic supply line, VCC' 


The output 
drivers 
can be set to a fixed 
operating 
point by use of the Set input and a bias resistor RB. A 
positive pulse to this input turns the drivers off and sets 
the logic state of the outputs. 
After the negative 
going transition 
of the Set pulse, 
and until the first positive going transition 
of the clock, 
the outputs will be: 


L1 = L3 = high and L2 = L4 = low. 


(See Figure 6, the timing 
diagram). 


The Set input can be driven by a MC14007B or a tran- 
sistor whose collector 
resistor is RB. If the input is not 
used, the 'bottom' 
of RB must be grounded. 


The total power dissipation 
of the circuit can be de- 
termined 
from Figures 3 and 5. 
Po = 0.9 W + 0.08 W = 0.98 W. 


This results 
in a junction 
to ambient 
temperature, 
without 
a heatsink of: 


TJ - 
TA = 50·ClWxO.98 W = 49'C. 


or a maximum 
ambient 
temperature 
of 76'C. For op- 
eration at elevated temperatures 
a heatsink is required. 
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® MOTOROLA 


Specification 
and Applications 
Information 
UNIVERSAL 
MOTOR 
SPEED CONTROLLER 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


The TDA1085A 
has all the necessary functions 
for the speed 
control 
of universal 
(ac/dc) motors 
in an open or closed 
loop 
configuration. 
Additionally 
it has the facility for defining the initial 
speed/time 
characteristic. 
The circuit provides a phase angle var- 


ied trigger 
pulse to the motor control 
triac. 


• 
Guaranteed 
Full Wave Triac Drive 


• 
Soft Start from Powerup 


• 
On-Chip FrequencyNoltage 
Convertor 
and Ramp Generator 


• 
Current 
Limiting 
Incorporated 


• 
Direct Drive from 
ac Line 
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Parameter 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VPin 9-8 
17 
V 


Power 
Supply 
Current 
(Pin 10 Open) 
IPin 9 
15 
mA 


Peak Power 
Supply 
Regulation 
Current 
IPin 9 + IPin 10 
35 
mA 


Peak ac Synchronization 
Input 
Current 
IPin 1 
±1.0 
mA 


IPin 2 


Peak Output 
Triggering 
Current 
IPin 13 
200 
mA 
(Pulse Width 
300 /LS; 
Duty 
Cycle'" 
3%) 


Current 
Drain 
per Listed Pin 
115 
1.0 
mA 


13 
-5.0 


112 
-3.0, 
+0.1 


Power 
Dissipation 
(TA = 25·C) 
Po 
625 
mW 
Derate 
above 
25·C 
l/R6JA 
6.8 
mwrc 


Operating 
Temperature 
Range 
TA 
o to 
+ 70 
·C 


Storage 
Temperature 
Range 
Tsto 
-55 
to 
+ 125 
·C 


Regulated 
Voltage" 
VCC 
- 
15.5 
- 
V 


(19 + 110 = 10 mAl 


Monitoring 
Enable 
Level' 
VME 
- 
15.1 
- 
V 


Monitoring 
Disable 
Level' 
VMD 
- 
14.5 
- 
V 


Internal 
Current 
Consumption, 
Note 
1 
IPin 9 
- 
4.2 
- 
mA 


Reference 
Input 
Voltage 
Range, 
Note 2 
VPin 5-8 
0.08 
- 
13.5 
V 


Reference 
Input 
Bias Current 
IPin 5 
- 
- 
-20 
p.A 


Distribute 
Low 
Level Voltage 
Range 
VPin 6 
0 
- 
2.0 
V 


Distribute 
- 
Low 
Level 
(Figure 
2) 
VOL 
- 
VPin 6 
- 
V 


Distribute 
- 
Upper 
Level" 
(Figure 
2) 
VDU 
1.9 V6 
2.0 V6 
2.1 V6 
V 
(VPin 6 = 950 mV) 


Low-High 
Acceleration 
Range (Figure 
2) 
~VDA 
- 
400 
- 
mV 


High 
Acceleration 
Charging 
Current 
ICH7 
- 
1.2 
- 
mA 


Low Charging 
Current, 
Note 
3 
ICL7 
- 
5.0 
- 
p.A 


NOTES: 
1. Pins 1,2, 11, 12, 14 and 15 not connected; Pins4, 5, 6 and 7 grounded 
to Pin 8: VCC : 
15.5 V 
2. When VPin 5 is ~ 80 mY, the internal monitoring circuit interprets 
it as a true zero, thus minimizing the effects of control amplifier 
offsets. 
3. This value should be accounted for when externally setting the dis- 
tribute acceleration charging current. 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Characteristic 


I Stage 
Current 
Gain 
ro 
- 
170 
- 
- 


~13 


I Output 
Discharge 
Current 
Swing 
IOL7 
- 
35 
- 
mA 


Actual 
Speed 
Voltage 
Range 
VPin 
4-8 
0 
- 
13.5 
V 


Actual 
Speed 
Input 
Bias Current 
IPin 4 
- 
- 
-350 
nA 


Total 
Input 
Offset 
Voltage, 
Note 
4 
Voff 
-60 
- 
20 
mV 


Transconductance 
( 
alpin 16 
) 
gm 
- 
300 
- 
pAN 


VPin 
4 - VPin 
7 


Output 
Current 
Swing 
IPin 
16 
- 
±100 
- 
p.A 


Input 
Signal 
Low 
Voltage, 
Note 
5 
VL12 
-0.1 
- 
- 
V 


Input 
Signal 
High 
Voltage 
VH12 
0.1 
- 
5.0 
V 


Polarization 
Current 
IPin 
12 
- 
-25 
- 
pA 


Conversion 
Rate, Note 6* 
KC 
- 
15 
- 
mV/Hz 


Linearity· 
(Figure 
3) 
KL 
- 
±4.0 
- 
% 


Voltage 
Synchronization 
Levels 
IPin 2 
- 
±50 
- 
pA 


Current 
Synchronization 
Levels 
IPin 
1 
- 
±50 
- 
p.A 


Input 
Voltage 
Swing 
V 
- 
11.7 
- 
V 
(for 
full 
angle 
swing) 


Trigger 
Pulse 
Width, 
Note 
7 
tp 
- 
55 
- 
iJ.S 


Trigger 
Pulse 
Repetition 
Period 
t 
- 
215 
- 
iJ.S 


Trigger 
Pulse 
High 
Level 
VPin 
13 
VCC-4 
- 
- 
V 
lIPin 
13 = 150 mAl 


Output 
Leakage 
Current 
10Pin 13 
- 
- 
30 
pA 


(VPin 
13 = 0 V) 


4. Voff is defined as being the voltage difference between Pin 5 and 4 
with no current 
flow on Pin 16. 


5. The negative swing is clamped to - 0.3 V. 


( 


1aO x 103) 
6. VPin 4 = k· CPin 11· (Vcc-Va)· 
RPin 4· 
1 + 
RPi" 11 
1 -fraQ in. 


Where: 
9 < K < 13 & Va = 1.3 V. 


7. The timing given is when CPin 14 ::::47 oF. 
• These figures apply for the application shown in Figure 4. 


VOLTAGE 
REGULATOR 
- 
(Pins 8, 9,10). This is a par- 


allel type voltage 
regulator 
able to sink a large amount 
of current while offering 
good regulation characteristics. 


A resistor between Pins 9 and 10 reduces the internal 
power 
dissipation. 
Under 
minimal 
current 
sink condi- 
tions (min. current 
from the unregulated 
supply, 
max. 


consumption 
by the circuitry), 
at least 1.0 mA should 
flow through 
this resistor. 
Under max. sink conditions 
(max. current 
from 
the unregulated 
supply, 
min. con- 
sumption 
by the circuitry), 
the maximum 
resistor value 
is chosen so that the voltage 
at Pin 10 falls towards 
3.0 
V, but not lower. The above, fixed dynamic 
range of the 
regulator 
must not be exceeded within 
one line cycle. 


A power supply failure 
causes shutdown. 


For operation 
from 
an externally 
regulated 
voltage, 


Pin 10 is not connected. 


SPEED SENSING 
- 
(Pins 4,11,12). 
Speed sensing can 
be achieved 
either digitally 
(tachogenerator 
frequency) 
or analogically 
(tachogenerator 
amplitude). 
For digital 
sensing, 
a bipolar 
signal 
with 
respect to 
ground 
is applied to Pin 12. During positive 
excursions 


Vou 
= 2VOL 
VPin 6 = VOL 


I 
I 
.--to--+l 
I 
I 


High Acceleration 


The shape of the curve is determined by CRPin 7; where 
CPin 7 defines the high acceleration slope and RPin 7 
defines 
that 
of the low acceleration. 


CPin 11 is charged. An internal mirror delivers ten times 
the charge on CPin 11 via Pin 4. However, due to internal 
circuitry, 
the charge on Pin 4 can vary in the region of 
9 to 13 times the charge on CPin 11. For that reason it 
is necessary 
to calibrate 
the 
FrequencyNoltage 
Con- 
vertor (FNC) with a variable 
resistor on Pin 4. Thus the 
relationship 
between 
speed and VPin 4 is defined 
by 


RPin 4 and CPin 11· 


To maintain 
linearity 
in the high speed ranges it is 
important 
that CPin 11 is fully charged across an equiv- 
alent 
resistor 
of about 
180 k!l.. It should 
be borne 
in 
mind that the impedance 
on Pin 11 should 
be kept as 
low as possible as CPin 11 has a large influence 
on the 
temperature 
coefficient 
of the FV/C. The time constant 
on Pin 4 should 
also be kept as low as possible. 


Pin 12 is also an impedance 
monitoring 
input; at high 
impedances 
VPin 12 increases. Should VPin 12 exceed 
5.0 V the triac trigger pulses are inhibited 
and the circuit 
resets. 


A 470 k!l. resistor from 
Pin 11 to + VCC significantly 
reduces the leakage current and reduces the device tem- 
perature coefficient 
to almost zero. 
• 


For analog sensing input 12 should be grounded and 
a positive signal, with respect to ground, Pin 8, applied 
to Pin 4. 


RAMP GENERATOR 
- 
(Pins 5, 6, 7) (refer to Figure 2). 
A preset voltage 
applied to Pin 5 will initiate the gen- 
eration of a ramp whose final value is determined 
by 
the voltage applied to Pin 5. The voltage applied to Pin 
6 will determine 
how much of the full ramp, shown in 
Figure 2, is used. The charging current passing through 
Pin 7 to the ramp generator timing capacitor determines 
the ramp slope. 


When Pin 6 is held at - VCC a charging current of 1.2 
mA is delivered 
to Pin 7, regardless of the voltage of 
Pin 5. This 
represents 
the 
high 
acceleration 
period 
shown in Figure 2. 


If the preset voltage 
applied to Pin 5 is equal to or 
less than the voltage on Pin 6 the charging current will 
be 1.2 mA, or high acceieration. 
If the preset voltage applied to Pin 5 is between VPin 
6 and 2 VPin 6 the charging 
current 
is 1.2 mA (high 
acceleration) 
until the voltage at the reference input of 
the control 
amplifier 
equals VPin 6. At this point the 
charging 
current 
will 
switch 
to 
5.0 /-LA; i.e. 
low 
acceleration. 
If the preset voltage applied to Pin 5 is greater than 
2 VPin 6 the charging 
current will be 1.2 mA (high ac- 
celeration) 
until the control 
amplifier's 
reference input 
reaches VPin 6 when it will switch to 5.0 !-LA(low ac- 
celeration) 
until 2 VPin 6 is reached. At this point the 
charging current will revert to 1.2 mA, high acceleration, 
until the final value of VPin 5 is reached. 
Should the preset voltage at Pin 5 fall below 80 mV, 
the triac trigger 
pulses are inhibited 
and the circuit re- 
sets. This fact should be borne in mind when switching 
from one preset value to another. 


As long as the voltages 
applied at Pins 5 and 6 are 
derived from the internal 
voltage 
regulator, 
they and 
the voltage on Pin 4 are ratioed and thus independent 
of the 
voltage 
regulator 
spread 
and temperature 
coefficient. 


CURRENT 
LIMITER 
- 
(Pin 3). Safe operation 
of the 
motor and triac under all conditions 
is ensured by re- 
ducing 
the 
motor 
speed 
if a preset 
current 
limit 
is 
exceeded. 


This is achieved as follows: 
The motor current will 
set up an alternating 
current, consisting of positive and 
negative 
peaks through 
the shunt 
resistor 
(0.05 .n in 
Figure 4). 
The negative peaks of this current are fed through a 
resistor to Pin 3 where they are compared with a preset 
current defined by a resistor between Pin 3 and + VCC. 
An excessive shunt current will try to pull Pin 3 below 
-VCC' 
but the current 
limiter 
becomes active at this 
point and reduces the charge on CPin 7, consequently 
reducing the motor speed. 
Thus the value of the shunt and the ratio of the two 
resistors to Pin 3 fix the level at which the limiter be- 
comes active, while the parallel equivalent 
of the two 
resistors 
determines 
the magnitude 
of the discharge 
current and thus how rapidly the circuit responds to an 
overcurrent 
condition. 


CONTROL AMPLIFIER - 
(Pin 16). Connected to this pin 
is a network 
which 
compensates 
electrically 
for the 
mechanical characteristics 
of the motor and its load to 
give the circuit optimum 
closed loop stability and tran- 


sient response. 


The component 
values are best determined 
empiri- 
cally by connecting Rand C substitution 
boxes and look- 
ing for the best results. 


TRIGGER PULSE GENERATOR - 
(Pins 1, 2, 13, 14, 15). 
This circuit performs four functions: 


1. The conversion of the control amplifier's 
dc output 
level to a proportional 
firing 
angle positioned 
to 
within 
half a line cycle. 


2. The calibration 
of the pulse width. 


3. The repetition 
of the firing 
pulse if the triac fails 
to latch, or if the current 
is interrupted 
by brush 
bounce. 


4. To delay the firing 
pulse until the current crosses 
zero at wide firing 
angles. 


RPin 15 and CPin 14 fix the sawtooth 
while CPin 14 
also determines 
the pulse width. 
Pin 13 is the trigger 
pulse output. A current limiting 
resistor is essential on this pin. This configuration 
will 
drive two thyristors 
controlling 
a bridge if the supply 
for the speed controller 
is isolated. 


R2 
Rl 


270 
5.6 k 


54 
R 
PH 
R3 
Rll 
R12 
100 
R23 
R7+ 
C2 
+ 
Cl 
• 


820 k 
680 
270 
470 
47 
33 
k 
k 
k 
k 
100 "F 


R13 
910 
lM5 
15 
14 
R4 
« 
820 k 
ill 
1 
0 
R5 
R22 
:;: 
120 
7 
0 
13 
150 
16 I- 
3 
4 
12 
R6 
* 
* 
11 
R8 
2.2 k 
Rll 
R16 
Uk 
2.7 k 
68kC9 
C7 
C6 
03 
C4 


820 
R9 
+ 
Cll 
47 
GE 
0.22 
0.05 
nF 
pF 
"F 
1.0 "F 
* ** 


N 
0 


• Chosen 
to suit 
the 
speeds 
required 
** Adjust 
for 
the 
highest 
speed 


••• 
Required 
only 
with 
'A' 
suffix 
device 


R17 
= 
given 


R18 
= 
R17 (15.5V 
-1) 
Vw 


R19 
~ 
R17 (14.8 
V 
-11 
VsDin 2 


R20 
~ 
R17(14.8 
V 
-1) 
-R19 
VsDin 1 


R21 
= 
R17 (~4:: 
-1) 
-R19-R20 


R15 
= 
R(~ 
21 
15.5 V (2-KI) 


R14 
= 
R15 (15.5V 
-1) 
Vw 


S1 
S2 
S3 
54 
VPin 5 
VPin 6 


Wash 
sc 
oc 
oc 
oc 
Vw 
0 


Distribute 
oc 
sc 
oc 
oc 
KVW 
Vw 


Spin 
1 
oc 
oc 
sc 
oc 
>KVW 
~w 
2 


Spin 2 
oc 
oc 
oc 
sc 
»KVW 
=~w 
2 


Note: 


When 
changing 
from 
one 
speed 
to another 
VPin 
5 must 
not be allowed 


to fall 
below 
80 
mV 
- 
otherwise 
the 
circuit 
will 
reset 
and rastan 
from 


zero. 


The 
component 
values 
given 
in Figure 
4 correspond 
to: 


Vw 
Vo 


Vspin 
1 


Vspin 
2 
K 


0.7 V 
1.13V 
5.0 V 
llV 
1.6 


•• 


T 
A1nal::A 


FIGURE 
5 - 
OPEN 
LOOP, 
SOFT 
START 
- 
WITH 
PROGRAMMED 
TIME 
TO MAX. 
SPEED 
(t = CPin 7. 65 x 105) 


FIGURE 
6 - 
OPEN 
LOOP, 
SOFT-START/SOFT-STOP, 


LIGHTING/INDUCTIVE 
LOAD 
CONTROLLER 


® MOTOROLA 


UNIVERSAL 
MOTOR 
SPEED CONTROLLER 


The TDA1085C is a phase angle triac controller 
having all the 
necessary functions 
for universal motor speed control in washing 
machines. 
It operates 
in closed loop configuration 
and provides 
two ramps possibilities. 


• 
On-Chip Frequency to Voltage Converter 


• 
On-Chip Ramps Generator 


• 
Soft Start 


• 
Load Current Limitation 


• 
Tachogenerator 
Circuit Sensing 


• 
Direct Supply from AC Line 


• 
Security 
Functions 
Performed 
by Monitor 
o SUFFIX 
PLASTIC 
PACKAGE 


CASE 
7518-03 
50-16 


+vcc 


SHUNT REGULATOR} 


BALLAST 
RESiSTOR 


12 
11 
4 
5 
6 
7 
16 
14 
15 
2 
1 
13 
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Rating 
Symbol 
Value 
Unit 


Power 
Supply, 
when 
externally 
regulated, 
VPinS 
VCC 
15 
V 


Maximum 
Voltage 
per 
listed 
pin 
Vpin 
V 
Pin 3 
+5.0 
Pin 4-5-6-7-13-14-16 
o to 
+VCC 
Pin 
10 
Oto 
+17 


Maximum 
Current 
per listed pin 
Ipin 
mA 
Pin 
1 and 
2 
-3.0 
to 
+3.0 
Pin 3 
-1.0to 
+0 


Pin S (VCC) 
15 
Pin 
10 shunt 
regulator 
35 
Pin 12 
-1.0 
to 
+ 1.0 
Pin 13 
-200 


Maximum 
Power 
Dissipation 
Po 
1.0 
W 


Junction 
to Air Thermal 
Resistance 
R9JA 
65 
.c/w 


Operating 
Junction 
Temperature 
TA 
-10to 
+120 
·c 


Storage 
Temperature 
Range 
Tsto 
-55 
to 
+ 150 
·c 


ELECTRICAL 
CHARACTERISTICS 
(TA = 25'C) 


Characteristic 


Internally 
Regulated 
Voltage 
(VPinS) 
VCC 
15 
15.3 
15.6 
V 


(lPin7 
= 0, IPinS 
+ 
IPin10 
= 15 mA, 
IPin13 
= 0) 


VCC Temperature 
Factor 
TF 
- 
-100 
- 
ppmrC 


Current 
Consumption 
(lPinS) 
ICC 
- 
4.5 
6.0 
mA 
(VS = 15 V, V12 
~ Vs 
~ 0,11 
~ 
12 ~ 
100p.A, 


all other 
pins not connected) 


VCC Monitoring 
Enabling 
Level 
VCC EN 
- 
VCC-0.4 
- 
V 
Disable 
Level 
VCC DIS 
- 
VCC-1.O 
- 


Reference 
Speed 
Input 
Voltage 
Range 
VPin5 
O.OS 
- 
13.5 
V 


Reference 
Input 
Bias Current 
-IPin5 
0 
O.S 
1.0 
p.A 


Ramp 
Selection 
Input 
Bias Current 
-IPin6 
0 
- 
1.0 
p.A 


Distribution 
Starting 
Level 
Range 
(VDS) 
VPin6 
0 
- 
2.0 
V 


Distribution 
Final 
Level 
(VDF) 
VDSNPin6 
2.0 
2.0S 
2.2 
VPin6 
= 0.75 V 


High 
Acceleration 
Charging 
Current 
-IPin7 
mA 
VPin7 
~ 0 V 
1.0 
- 
1.7 


VPin7 
= 10 V 
1.0 
1.2 
1.4 


Distribution 
Charging 
Current 
-IPin7 
4.0 
5.0 
6.0 
p.A 


VPin7 
= 2.0 Volts 


Limiter 
Current 
Gain - 
IPin7/1Pin3 
Cg 
130 
180 
250 


(lPin3 
~ 
- 300 pAl 


Detection 
Threshold 
Voltage 
VPin3 TH 
50 
65 
80 
mV 


IPin3 = - 10 !LA 


Input 
Signal 
"Low 
Voltage" 
V12 L 
-100 
- 
- 
mV 


Input 
Signal 
"High 
Voltage" 
V12 H 
+100 
- 
- 
mV 


Monitoring 
Reset Voltage 
V12 R 
5.0 
- 
- 
V 


Negative 
Clamping 
Voltage 
-V12 
CL 
- 
0.6 
- 
V 


IPin12 
= -200 
pA 


Input 
Bias Current 
-IPin12 
- 
25 
- 
!LA 


Internal 
Current 
Source 
Gain 
G.O 
10 
10.3 
10.5 


G 
IPin4 
V 
V 
. 
~ 
0 
= IPin11' 
Pin4 
~ 
Pml1 


Gain 
Linearity 
versus 
Voltage 
on Pin 4 
G/G8.6 
(G8.6 = Gain for VPin4 
= 8.6 Volts) 
V4 ~ 0 V 
1.04 
1.05 
1.06 


V4 = 4.3 V 
1.015 
1.025 
1.035 


V4 = 12 V 
0.965 
0.975 
0.985 


Gain Temperature 
Effect 
(VPin4 
~ 0) 
TF 
- 
350 
- 
ppmrC 


Output 
Leakage 
Current 
(lPinll 
= 0) 
-IPin4 
0 
- 
100 
nA 


Actual 
Speed 
Input 
Voltage 
Range 
VPin4 
0 
- 
13.5 
V 


Input 
Offset 
Voltage 
VPin5 
- 
VPin4 
Voff 
0 
- 
50 
mV 


(lPin16 
~ 0, VPin16 
~ 3.0 and 8.0 Volts) 


Amplifier 
Transconductance 
T 
270 
340 
400 
pAN 


(lPinl&'<l. 
(V5 - 
V4) 
(lPin16 
= + and 
-50 
!LA, VPin16 
= 3.0 Volts) 


Output 
Current 
Swing 
Capability 
IPin16 
pA 


Source 
-200 
-100 
-50 
Sink 
50 
100 
200 


. Output 
Saturation 
Voltage 
V16sat 
- 
- 
0.8 
V 


Synchronization 
Level 
Currents 
!LA 
Voltage 
Line Sensing 
IPin2 
- 
±50 
±100 
Triac 
Sensing 
IPin1 
- 
±50 
±100 


Trigger 
Pulse Duration 
(CPin14 
~ 47 nF, RPin15 
~ 270 kl1) 
To 
- 
55 
- 
!LS 


Trigger 
Pulse Repetition 
Period. 
conditions 
as a.m. 
TR 
- 
220 
- 
!LS 


Output 
Pulse Current 
VPin13 
= VCC -4.0 
Volts 
-IPin13 
180 
192 
- 
mA 


Output 
Leakage 
Current 
VPin13 
= -3.0 
Volts 
113 L 
- 
- 
30 
pA 


Full Angle 
Conduction 
Input 
Voltage 
V14 
- 
11.7 
- 
V 


Saw Tooth 
"High" 
Level Voltage 
V14H 
12 
- 
12.7 
V 


Saw Tooth 
Discharge 
Current, 
IPin15 
= 100 pA 
IPin14 
95 
- 
105 
pA 


II 


The 
TDA 
10B5C 
triggers 
a triac 
accordingly 
to the 
speed 
regulation 
requirements. 
Motor 
speed is digitally 
sensed 
bya 
tachogenerator 
and 
then 
converted 
into 
an analog 
voltage. 


The speed 
set is externally 
fixed 
and is applied 
to the internal 
linear 
regulation 
input 
after 
having 
been 
submitted 
to pro- 
grammable 
acceleration 
ramps. 
The overall 
result 
consists 
in 
a full 
motor 
speed 
range 
with 
two acceleration 
ramps 
which 
allow 
efficient 
washing 
machine 
control 
(Distribute 
func- 


tion). 


Additionnally. 
the 
TDA 
10B5C 
protects 
the 
whole 
system 
against 
AC line 
stop 
or variations, 
overcurrent 
in the motor 
and tachogenerator 
failure. 


INPUT/OUTPUT 
FUNCTIONS 


(Referred 
to 
Figures 
1 and 
8) 


VOLTAGE 
REGULATOR 
- 
(pins 
9 and 
101 This 
is a parallel 
type 
regulator 
able to sink a large 
amount 
of current 
and 
offering 
good 
characteristics. 
Current 
flow 
is provided 
from 
AC line 
by external 
dropping 
resistors 
Rt 
R2. and rectifier: 


This 
half 
wave 
current 
is used to feed 
a smoothering 
capa· 


citor, 
the voltage 
of which 
is checked 
by the IC. 


When 
Vcc 
is reached, 
the 
excess 
of current 
is derived 
by 
another 
dropping 
resistor 
R10 and 
by pin 
10. These 
three 
resistors 
must 
be determined 
in order: 


• 
to let 1mA flow 
through 
pin 10 when 
AC line is minimum 
and Vec consumption 
is maximum (fast ramps and pulses 
present). 


• 
to let VlO reach 
3V when 
AC line provides 
maximum 
cur- 
rent 
and 
Vec 
consumption 
is 
minimum 
(no 
ramps 
and no pulses). 


• 
all along 
the 
main 
line 
cycle, 
the 
pin 
10 dynamic 
range 
must 
not be exceeded 
unless 
loss of regulation. 


An AC line 
supply 
failure 
would 
cause 
shut 
down. 


The double 
capacitive 
filter 
built with 
R1 and R2 gives an effi- 


cient 
Vec smoothing 
and 
helps 
to 
remove 
noise 
from 
set 
speeds. 


SPEED 
SENSING 
- 
(pins 
4-11-12) 
The IC is compatible 
with 
an external 
analog 
speed 
sensing: 
its output 
must 
be applied 
to pin 4. and pin 12 connected 
to pin 
B. 


In most 
of the 
applications 
it is more 
convenient 
to use a 
digital 
speed 
sensing 
with 
an unexpensive 
tachogenerator 
which 
doesn't 
need any tuning. 
During 
every positive 
cycle at 
pin 
12, the 
capacitor 
Cpin 
11 is charged 
to almost 
Vcc and 
during 
this 
time, 
pin 4 delivers 
a current 
which 
is 10 time the 
one charging 
Cpin 11. The current 
source 
gain is called 
G and 
is tightly 
specified, 
but nevertheless 
requires 
an adjustment 
on Apin 
4. The 
current 
into 
this 
resistor 
is proportional 
to 
Cpin 11 and to the motor 
speed; 
being 
filtered 
by a capacitor, 
Vpin 4 becomes 
smoothered 
and represents 
the "true 
actual 
motor 
speed". 


To maintain 
linearity 
into 
the high 
speed 
range, 
it is impor- 


tant to verify 
that 
Cpin 11 is fully 
charged: 
the internal 
source 
on pin 11 has 100 KQ impedance. 
Nevertheless 
Cpin 11 has to 
be as high as possible 
as it has a large influence 
on FV/C tem- 
perature 
factor. 
A 470 
KQ resistor 
between 
pins 
11 and 
9 
reduces 
leakage 
currents 
and 
temperature 
factor 
as well, 
down 
to neglectable 
effects. 


It also 
senses 
the tachogenerator 
continuity 
and 
in case of 
any circuit 
aperture, 
it inhibits 
pulse, 
avoiding 
the motor 
to 
run 
out 
of control. 
In the 
TDA 
10B5C, 
pin 
12 is negatively 
clamped 
by an internal 
diode 
which 
removes 
the necessity 
of 
the external 
one used 
in the former 
circuit. 


RAMP 
GENERATOR 
- 
(pins 
5-6-7) 
The 
true 
Set 
Speed 
value taken 
in consideration 
by the regulation 
is the output 
of 
the ramp 
generator 
(pin 
7). With 
a given 
value 
of speed 
set 
input 
(pin 5), the ramp generator 
charges 
an external 
capaci- 


tor Cpin 7 up to the moment 
Vpin 
5 (set speed) 
equals 
Vpin 4 
(true 
speed). 
see fig. 
2. The IC has an internal 
charging 
cur- 
rent source 
of 1.2mA 
and delivers 
it from 
0 to 12 V at pin 7.lt 
is the high 
acceleration 
ramp 
(5 seconds 
typ.) 
which 
allows 
rapid 
motor 
speed 
changes 
without 
excessive 
strains 
on the 
mechanics. 
The TDA 10B5C 
offers 
in addition 
the possibility 
to break 
this 
high 
acceleration 
with 
the introduction 
of a low 
acceleration 
ramp 
(called 
Distribution) 
by reducing 
the pin 7 
source 
current 
down 
to 
5 ~ 
under 
pin 
6 full 
control, 
as 
shown 
by following 
conditions: 


• 
Presence 
of high 
acceleration 
ramp 
Vpin 
5 > Vpin 
4 


• 
Distribution 
occurs 
in the Vpin 4 range 
(true motor 
speed) 
defined 
by Vpin 
6 ::> Vpin 
4 :s 2Vpin 
6 


For two 
fixed 
values 
of Vpin 
5 and Vpin 
6, the motor 
speed 
will 
have high 
acceleration, 
excluding 
the time 
for Vpin 
4 to 
go from 
Vpin 
6 to two 
times 
this 
value. 
high 
acceleration 
again, 
up to the momentthe 
motor 
has reached 
the set speed 
value, 
at which 
it will 
stay, see fig. 
3. 


Should 
a reset 
happen 
(whatever 
the cause 
would 
be), the 
above 
mentionned 
successive 
ramps 
wilt 
be fully 
reproces· 
sed from 
0 to the 
max. 
speed. 
If Vpin 
6 = O. only 
the 
high 
acceleration 
ramp 
occurs. 


To get a real zero speed 
position. 
pin 5 has been designed 
in 
such a way that its vo'ltage 
from 
0 to BO mV is interpreted 
as a 
true 
zero. 
As a consequence, 
when 
changing 
the speed 
set 
position, 
the 
designer 
must 
be sure 
that 
any transient 
zero 
would 
not occur: 
if any, the entire 
circuit 
will 
be reset. 


As the voltages 
applied 
by pins 5 and 6, are derived 
from 
the 
internal 
voltage 
regulator 
supply 
and 
pin 
4 voltage 
is also 
derived 
from 
the same source, 
motor 
speed, 
which 
is deter- 
mined 
by the 
ratios 
between 
above 
mentioned 
voltages, 
is 
totally 
independent 
from 
Vcc 
variations 
and 
temperature 
factor. 


CONTROL 
AMPLIFIER 
- 
(pin 
1611t amplifies 
the difference 
between 
true speed 
(pin 4) and set speed 
(pin 5), through 
the 
ramp 
generator. 
Its output 
available 
at pin 
16 is a double 
sense current 
source 
with 
a max. capabilityof± 
100 ~anda 
specified 
transconductance 
(340 
~v.typ.). 
Pin 16 drives 
directly 
the trigger 
pulse generator, 
and must 
be loaded 
by an 
electrical 
network 
which 
compensates 
the 
mechanical 
characteristics 
of the motor 
and its load, 
in order 
to provide 
stability 
in any condition 
and 
shortest 
transient 
response, 


see fig. 
4. 


This 
network 
must 
be adjusted 
experimentally. 


In 
case 
of 
a periodic 
torque 
variations, 
pin 
16 
provides 
directly 
the phase 
angle 
oscillations. 


TRIGGER 
PULSE 
GENERATOR 
- 
(pins 
5 
1-2-13-14-15) 
This 
circuit 
performs 
four 
functions: 


• 
The conversion 
of the control 
amplifier 
DC output 
level to 
a proportionnal 
firing 
angle 
at every 
main 
line half 
cycle. 


• 
The calibration 
of pulse 
duration. 


• 
The repetition 
of the pulse 
if the triac 
fails 
to latch 
on if the 
current 
has been 
interrupted 
by brush 
bounce. 


• 
The delay 
of firing 
pulse 
until 
the current 
crosses 
zero at 
wide 
firing 
angles 
and 
inductive 
loads. 


Rpin 15 programs 
the pin 14 discharging 
current 
Saw-tooth 


signal 
is 
then 
fully 
determined 
by 
R15 
and 
C14 
(usually 
47 
nFI. 
Firing 
pulse 
duration 
and 
repetition 
period 
are 
in 


inverse 
ratio 
to the 
saw-tooth 
slope. 


Pin 13 is the pulse 
output 
and an external 
limiting 
resistor 
is 


mandatory. 
Max 
current 
capability 
is 200 
mA 


CURRENT 
LIMITER 
- 
(pin 
3) Safe 
operation 
of the 
motor 
and triac 
under 
all conditions 
is ensured 
by limiting 
the peak 
current. 
The motor 
current 
develops 
an alternative 
voltage 
in 
the 
shunt 
resistor 
(0.05 
ohm 
in fig. 
4). 
The 
negative 
half 
waves 
are transferred 
to pin 3 which 
is positively 
preset 
at a 
voltage 
determined 
by resistors 
R3 and R4. As motor 
current 
increases. 
the 
dynamical 
voltage 
range 
of pin 
3 increases 


and when 
pin 3 becomes 
slightly 
negative 
in respect 
of pin 8 
a current 
starts 
to circulate 
in it. This current, 
amplified 
typi- 


cally 180 times, 
is then 
used to discharge 
pin 7 capacitor 
and, 


as a result, 
reduces 
firing 
angle 
down 
to a value 
where 
an 
equilibrium 
is reached. 
The 
choice 
of resistors 
R3, R4 and 
shunt 
determines 
the 
magnitude 
of the 
discharge 
current 
signals 
on Cpin7. 


Notice 
that the current 
limiter 
acts onlyon 
peak Triac current. 


APPLICATION 
NOTES 


(Referred 
to 
Figure 
4) 


PRINTED 
CIRCUIT 
LAYOUT 
RULES 
In the common 
applications, 
where 
TDA 1085C 
is used, there 
is on the same 
board, 
presence 
of high voltage, 
high currents 


as well 
as low voltage 
signals 
where 
millivolts 
count 
It is of 
first 
magnitude 
importance 
to separate 
them 
each other 
and 
to respect 
following 
rules: 


• 
Capacitors 
decoupling 
pins 
which 
are the 
inputs 
of the 
same 
comparator, 
must 
be 
physically 
close 
to 
the 
IC, 


close 
to each 
other 
and 
grounded 
in the 
same 
point. 


• 
Ground connexion for tachogenerator must be directly 
connected 
to pin 
8 and should 
ground 
only 
the tacho. 
In 
effect 
the latter 
is a first 
magnitude 
noise generator 
due to 
its 
proximity 
of 
the 
motor 
which 
induces 
high 
dlll/dt 
signals. 


• 
The ground 
pattern 
must 
be in the ·star 
style", 
in order 
to 
fully 
eliminate 
power 
currents 
flowing 
in the ground 
net- 
work devoted to capacitors decQupling sensitive pins: 
(4-5-7-11-12-14-16). 


As 
an example, 
fig. 
5 presents 
a PC board 
pattern 
which 
concerns 
the 
group 
of sensitive 
pins 
and 
their 
associated 
capacitors 
into which 
the a.m. rules have been implemented. 
Notice 
the 
full 
separation 
of "Signal 
World" 
from 
"Power" 
one 
by line AS and their 
communication 
by a unique 
strip. 


These 
rules will 
lead to much 
satisfactory 
volume 
production 


in the sense that 
speed 
adjustment 
will slay valid 
in the entire 


speed 
range. 


POWER 
SUPPPLY 


As dropping 
resistor 
dissipates 
noticeable 
power, it is neces- 


sary to reduce 
the Icc needs 
down 
to a minimum. 
Triggering 
pulses. 
if a certain 
number 
of repetition 
is in reserve 
to cope 
with 
motor 
brush 
wearing 
at end of its life, are the largest 
Icc 
user. Classical worst case configuration 
have to be consider- 


ed to select 
dropping 
resistor. 
In addition 
the parallel 
regula- 


tor 
must 
be always 
into 
its dynamic 
range, 
i.e. Jpin 10 over 
1 mAand 
Vpin 
10 over 3 volt in anyextremeconfiguraton. 
The 
double 
filtering 
cell 
is mandatory. 


TACHOGENERATOR 
CIRCUIT 
The tacho 
signal 
voltage 
is proportional 
to the motor 
speed. 


Stability 
considerations, 
in addition, 
require 
a RC filter 
the 
pole 
of which 
must 
be looked 
at. The combination 
of both 
elements 
yield a constant 
amplitude 
signal 
on pin 12 in most 


of the 
speed 
range. 
It is recommended 
to verify 
this 
maxi- 


mum 
amplitude 
to be within 
1 volt 
peak 
in orqer 
to have 
the 
largest 
signal/noise 
ratio 
without 
resetting 
the 
integrated 
circuit 
(which 
occurs 
ifVpin 
12 reaches 
5.5 V). It must 
bealso 


verified 
that 
the pin 12 signal 
is approximately 
balanced 
be- 


tween 
"High" 
(over 
300 
mV) and "Low". 
A 8 poles 
tacho 
is a 
minimum 
for low speed 
stability 
and a 16 poles 
is even better. 


The RC pole 
of the tacho 
circuit 
should 
be chosen 
within 
30 
Hz in order 
to be as far as possible 
from 
the 150 Hz which 
cor- 


responds 
to the AC line 3rd harmonic 
generated 
by the motor 
during 
starting 
procedure. 
In addition, 
a high 
value 
resistor 
coming 
from 
Vcc 
introduces 
a positive 
offset 
at pin 
12, re- 


moves 
noise 
to be interpreted 
as a tacho 
signal. 
This 
offset 


should 
be designed 
in order 
to let pin 12 to reach 
at least 
- 
200 
mV 
(negative 
voltage) 
at the 
lowest 
motor 
speed. 
We 


remember 
the 
necessity 
of an individual 
tacho 
ground 
con- 


nection. 


FREQUENCY 
TO VOLTAGE 
CONVERTER 
- 
F V/C 
Cpin 
11 has 
a recommended 
value 
of 
820 
pF for 
8 poles 


tachos 
and 
max. 
motor 
rpm 
of 15000, 
and 
Rpin 
11 must 
be 
always 
470 
K. 


Rpin 4 should 
be choosen 
to deliver 
within 
12 volts 
at maxi- 


mum motor speed in order to maximize signal/noise 
ratio. As 
the 
FV/C 
ratio 
as well 
as the 
Cpin 
11 value 
are 
dispersed, 


Rpin 
4 must 
be adjustable 
and 
should 
be made 
of a fixed 


resistor 
in sarie with 
a trimmer 
representing 
25% 
of the total. 
Adjustment 
would 
become 
easier. 


Once adjusted, 
for instance 
at maximum 
motor 
speed, 
the 
F 
vie presents 
a residual 
non 
linearity; 
the conversion 
factor 
(mV per R.P.M.l 
increases 
by within 
7.7% 
as speed 
tends 
to 
zero. 
The 
guaranteed 
dispersion 
of 
the 
latter 
being 
very 
narrow, 
a maximum 
1% speed 
error 
is guaranteed 
if during 
pin 5 network 
design 
the small 
set values 
are modified. 
once 
for 
ever, according 
this 
increase. 


The following 
formulae 
gives 
Vpin 
4: 


Vpin4 
= 140 
. Cpinl1 
. R4 . f . 
1 
in volt 
per Hertz. 


(1 + 180 
k) 
Rpinll 


SPEED SET - 
(pin 
5) Upon 
designer 
choice, 
a set of external 
resistors 
apply 
a serie 
of various 
voltages 
corresponding 
to 
the 
various 
motor 
speeds. 
When 
switching 
external 
resis- 
tors, 
verify 
that 
a voltage 
below 
80 
mV in never 
applied 
to 
pin 
5, if no, a full 
circuit 
reset 
will 
occur. 


•• 


RAMPS GENERATOR - (pin 6) If only a high acceleration 
ramp is needed. connect pin 6·to ground. 


When a Distribute ramp should occur. pre-set a voltage on 
pin 6 to which corresponds the motor speed starting ramp 
point. Distribution 
(or low ramp) will continue up to the 
moment the motor speed would have reached twice the 
starting value. 


The ratio oftwo is imposed by the IC.Nevertheless it could be 
externally changed downwards (fig. 6) or upwards (fig. 7). 


The distribution ramp can be shortened by an external resis- 
tor from Vcccharging Cpin 7. adding its currenttotheintern- 
al 5 !1Agenerator. 


POWER CIRCUITS 
Triac Triggering pulse amplitude must be determined by Pin 
13 resistor according 
the needs in Quadrant IV. Trigger 
pulses duration can be disturbed by noise signals. generated 
by the triac itself. which interfere within pins 14 and 16. pre- 
cisely those which determine it. While easily visible this 
effect is harmless. 


Triac must be protected from high AC line dVjdt during 
external disturbances by 100 nF x 100 Q network. 


Shunt resistor must be as non selfic as possible. It can be 
made locally by Constantan alloy wiring. 


When the load is a DCfed universal motor through a rectifier 


bridge. the triac must be protected from com mutating dVjdt 
by a 1 to 2 mH coil in serie with MT2. 


Synchronisation functions are performed by resistors sen- 
sing AC line and triac conduction. 820 Kvalues are usual but 
could be reduced down to 330 K in order to detect the Zeros 
with accuracy and to reduce the residual DCline component 
below 20 mA. 


CURRENT LIMITATION 
The current limiter starts to discharge pin 7 capacitor (refe- 
rence speed) as Motor current reaches the designed thres- 
hold level. The loop gain is determined by the resistor con- 
necting pin 3 to the serie shunt. Experience has shown that 
its optimal valuefora lOA rms limitation is within 2 KQ.Pin 3 
input has a sensitivity in current which is limited to reason- 
able values and should not react to spikes. 


If not used. pin 3 must be connected to a max. positive volt- 
age of 5 V rather to be left 0l;'en. 


LOOP STABILITY 
The pin 16 network is predominant and must be adjusted 
experimentally during module development. The values indi- 
cated in fig. 4 are typical for washing machines applications 
but accept large modifications from one model to another. 
R16.it is the sole restriction. should not be below 33 kother- 
wise slew rate limitation will cause large transient errors for 
load steps. 


High Acceleration 
Ramp 


Low Acceleration 
Ramp 


Vpin6= VDS 
VDF 
= 2VDS 


-t 
C 
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8 poles 


delivering 301/ peak to peak at 6000 rpm, in open circuit 


Speeds: 
Wash 800 rpm 
Distribution 
1300 
Spin 1: 7500 
Spin 2: 15000 


Pin 5 voltage 
Set: 
609 mV 
Including non linearitv corrections 
996 mV 
Including non linearitv corrections 
5.912 V 
Including non linearity corrections 


12.000V 
Adjustment point 


For 
k = 1.6. 
R3 =0.6 
(R1+ 
RZI. 


R3 C within 
4seconds 


Vcc-r 


R3 
C 
ZVpin60 
Distribute 


and 
R4 
ZVp106t", 
Spin 1 


Contact 
RZ 
pin5 


pin6 
Vpin60 
Vpln6t", 


R1 
R5 


k<Z 


elP12connectedlAND 
(vee OKI AND 
IVPS>80mVI 
THEN 
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® MOTOROLA 


Specifications 
and Applications 
Information 


The TDA1185A generates controlled 
triac triggering 
pulses and 
allows 
tacholess 
speed stabilization 
of universal 
motors 
by an 
integrated 
positive 
feedback 
function. 
Typical 
applications 
are 
power 
hand 
tools, 
vacuum 
cleaners, 
mixers 
and 
other 
small 
appliances. 


• 
Low Cost External Components 
Count 


• 
Optimum 
Triac Firing (2nd and 3rd Quadrants) 


• 
Repetitive Trigger 
Pulses When Triac Current is Interrupted 
by 
Motor 
Brush Bounce 


• 
Triac Current Sensed to Allow 
Inductive 
Loads 


• 
Soft Start 


• 
Power Failure Detection and General Circuit Reset 


• 
Low Power Consumption: 
1.0 mA 


TRIAC 
PHASE ANGLE 
CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


C8 
8 


1.0 
j.LF 


R12 


13 
C13 
+ 


RCompensation 
Soft 


Start Programming Pin 
2.0W 


18 k 
Main 
Line 
Voltage Compensation 


,- 
1 


Rating 
Symbol 
Value 
Unit 


Maximum 
Voltage 
Range 
per Listed 
Pin 
VPin 
Volt 
Pins 3-5-11 
(not 
connected) 
-20 
to 
+20 
Pins 4-8-13 
-VcctoO 
Pin 2 
-3.0 
to 
+3.0 
Maximum 
Positive 
Voltage 
(No 
VPin 12 
+0 
minimum 
value 
allowed; 
see current 
VPin 1 
+0.5 
ratings) 


Maximum 
Current 
per Listed 
Pin 
IPin 
Pin 1 
:t20 
mA 
Pins 6 and 7 
:t2.0 
mA 
Pin 9 
:to.5 
mA 
Pin 10 
:t300 
pA 


Pin 12 
-500 
pA 


Maximum 
Power 
Dissipation 
PD 
250 
mW 
(at TA ~ 25°C) 


Maximum 
Junction 
to Ambient 
Thermal 
ROJA 
100 
°CiW 
Resistance 


Operating 
Ambient 
Temperature 
Range 
TA 
o to 
+70 
°C 


Storage 
Temperature 
Range 
Tsto 
-55 
to 
+ 125 
°C 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Zener 
Regulated 
Voltage, 
(VPin 
1) IPin 1 = 2.0 mA 
-VCC 
-9.6 
-8.6 
-7.6 
Volt 
Circuit 
Current 
Consumption. 
IPin 1 
VPin 
1 ~ 
- 6.0 V, IPin 2 ~ 0 V 
-ICC 
-2.0 
-1.0 
- 
mA 


Monitoring 
Enable 
Supply 
Voltage 
(VEN) 
VPin lEN 
VCC + 0.2 
- 
VCC +0.5 
Volt 


Monitoring 
Disable 
Supply 
Voltage 
(VDIS) 
VPin lDIS 
VEN 
+ 0.12 
- 
VEN 
+ 0.3 


Phase Set 
Control 
Voltage 
Static 
Offset 
VPin 8 - 
VPin 
12 
Voff 
1.2 
- 
1.8 
Volt 
Pin 12 Input 
Bias Current 
IPin 12 
-200 
- 
0 
nA 
VPin 4 - 
VPin 
12 Residual 
Offset 
- 
180 
- 
mV 


Soft 
Start 
IPin 13 
-17 
-14 
-11 
p.A 


Capacitor 
Charging 
Current 


RPin 10 = 100 kfi, 
VPin 13 from 
-VCC 
to 
-3.0 
Volts 


Sawtooth 
Generator 
Sawtooth 
Capacitor 
Discharge 
Current 


Rl0 = 100 kn 
VPin 4 from 
- 2.0 to 
- 6.0 Volts 
IPin 4 
67 
70 
73 
pA 


Capacitor 
Charging 
Current 
IPin 4 
-10 
- 
-1.5 
mA 
Sawtooth 
"High" 
Voltage 
(VPin 4) 
VHTH 
-2.5 
-1.6 
-1.0 
Volt 


Sawtooth 
Minimum 
"Low" 
Voltage 
(VPin 4) referred 
to Pin 1 
VLTH 
- 
+1.5 
- 
Volt 


Positive 
Feedback 
Pin 9 Input 
Bias Current, 
VPin 9 ~ 0 
IPin 9 
- 
2xlPinl0 
- 
Programming 
Pin Voltage 
Related 
to Pin 1 
VPin 
10 
1 
1.25 
1.5 
Volt 
Transfer 
Function 
Gain ~VPin 
aJt.vPin 
9 
RlO = 100 kfi, 
~VPin 
9 ~ 50 mV 
A 
- 
75 
- 
Rl0 
~ 270 kfi, 
~VPin 
9 ~ 
50 mV 
A 
- 
36 
- 


Pin 8 Output 
Internal 
Impedance 
ZPin 8 
- 
120 
- 
kfi 


Trigger 
Pulse Generator 
Output 
Current 
(Sink) 
VPin 2 = 0 V 
IPin 2 
60 
- 
80 
mA 
Output 
Leakage 
Current 
VPin 2 ~ 
+2.0 
V 
- 
- 
4.0 
p.A 


Output 
Pulse Width 
Cl = 47 nF 
Rl0 
~ 270 kfi 
tp 
- 
55 
- 
IJS 
Output 
Pulse 
Repetition 
Period 
Cl' = 47 nF 
RlO 
~ 270 kfi 
t 
- 
420 
- 
IJ-S 
Current 
Synchronization 
Threshold 
Levels 
IPin 6, IPin 7 
ISYNC 
-40 
- 
+40 
p.A 


The TDA 1185A generates trigger pulses for triac con- 
trol of power into an ac load. The firing 
angle is deter- 
mined by generating 
a ramp voltage 
synchronized 
to 
the ac line half cycle and compared 
to an external set 
voltage representing 
the conduction 
angle. 
Gate pulses are negative (sink current) and thus the 
triac is driven in its most effective quadrants 
(02-03). 


If the load is a Universal 
motor 
(the speed of which 
is decreasing 
as torque 
increases), the TDA1185A al- 
lows to increase the firing 
angle proportionally 
to the 


Notice: Perfect motor speed compensation 
cannot be 
provided by open-loop systems, since no negative feed- 
back is used. Due to the low cost of tacholess systems, 
the TDA1185A is the optimum 
solution 
for applications 
tolerating 
5% motor speed variations. 


Nevertheless 
by accurate circuit design, these varia- 
tions can be reduced down to 2% from 
no load to full 
load conditions. 


DC POWER SUPPLY - 
DC power 
is directly 
derived 
from the ac line through 
a 2.0 watt, 18 k.l1'resistor, rec- 
tifier and filtering 
capacitor 
circuit. The latter being di- 
rectly connected 
to the dropping 
resistor protects the 
whole IC from any ac line overvoltage. 
The - VCC volt- 
age is internally 
regulated 
by an integrated 
zener. Re- 
ferred to Pin 14 (ground) 
the power supply voltage 
is 
negative 
(- 8.6 volts). 
The TDA 1185A 
internal 
con- 
sumption 
is 1.0 mA. 


TRIGGER PULSE GENERATOR - 
It delivers 
a 60 mA 
minimum 
pulse 
current 
(sink) through 
an internally 
short-circuit 
protected 
output. 
Pulse width 
is roughly 
proportional 
to R10 • C4 and is repeated every 420 JLS 
if triac fails to latch or is switched 
off by brush bounce. 
With inductive 
loads, the current lags in respect of the 
voltage: 
Pin 6 delays 
the triggering 
pulse up to the 
moment the triac is off, in order to prevent erratic power 
control 
(see Figure 2). The logic structure 
guarantees 
full-wave 
triac operation. 


SAWTOOTH GENERATOR - 
A constant 
current 
gen- 
erator discharges the capacitor C4' the voltage of which 
is the sawtooth 
signal synchronized 
with main line. Pin 
4 voltage 
is reset to 
-1.6 
volt 
at every ac line zero 
crossing (see Figure 3). The constant current generator 
is externally 
programmable 
by an external resistor con- 
nected to Pin 10: 


IPin 4 = IPin 10 10 ± 5% 


-VCC 
± 1.25 
IPin 10 = -~~-- 


R10 


MAIN COMPARATOR -Its 
role is to determine the trig- 
ger pulse time which 
occurs as the sawtooth 
voltage 
equals set voltage. 
Fixed set values lead to a constant 
triac conduction 
angle unless positive current feedback 
is connected or soft start capacitor 
is not charged. 


SOFT START - 
The TDA1185A allows the user to avoid 
any abrupt inrush current 
in the load, for various 
pur- 
poses: motor soft start, protection 
of high performance 
bulbs or ac line minimum 
disturbances. 


The firing 
angle is established 
from 
zero to the set 
value according to a voltage 
ramp generated by a con- 
stant current 
delivered 
to capacitor 
C13. The constant 
current value is: 


The voltage 
ramp lasts as long as VPin 13 is lower 
than VPin 12· VPin 13 reset voltage is - VCC' See Figure 
4. 


Notice. 
Universal 
motors 
do not have any motion 
effect as long as a minimum 
conduction 
angle is not 
reached. The time the voltage ramp reaches this thresh- 
old value is considered as "dead" 
time and can be elim- 
inated by a series resistor at Pin 13. The voltage 
drop 
developed 
by IPin 13 makes the firing 
angle immedi- 
ately reach the threshold 
value and have the soft start 
function 
without 
dead time. See Figure 5. 


POSITIVE CURRENT FEEDBACK- 
The Universal motor 
speed drops as load increases. To maintain 
it as stable 
as possible, the triac firing angle must be increased. For 
this purpose the Pin 9 input senses the motor current 
as a voltage developed 
in a low resistor value, Rg, am- 
plifies, rectifies 
and adds it to Pin 12 set voltage. 
The 
transfer function 
4VPin 8 = f (4VPin 9) and is repre- 
sented on Figure 6. 


The gain in the linear region 
is dependent 
on R1O. 


The voltage 
transferred 
to Pin 8 is proportional 
to the 
average value of the motor current and is very close to 
its RMS value (as motor current 
is not far from a sine 
wave). This averaging effect is represented 
in Figure 7. 
For large amplitude 
Pin 9 signals, 
the am function 
presents a saturation 
effect which limits the maximum 
firing 
angle increase. Figure 8 presents this aspect as 
well as the total Pin 8 voltage which is: 


VPin 8 = VPin 12 + f(jVPin 91 R1O) + offset 


The offset is the addition 
of two PN Junctions 
and is 
compensated 
with respect to VPin 4 (sawtooth) 
by ad- 
ditional diodes within the main comparator 
(See Figure 
10). 


The effect of positive feedback is described per Figure 
9. 


MONITORING - 
A central 
logic block performs 
the 
following 
functions: 
- 
ENABLE/DISABLE of the IC with 
respect to power supply voltage. 
Under DISABLE con- 
ditions, 
Pins 4, 8, 12, and 13 are forced to appropriate 
voltages to prepare for the next reset (See Figure 10). 


PINS CHARACTERISTICS 
- 
Figure 10 describes 
more 
details in the internallC 
layout and defines the pin char- 
acteristics. 
Pin 9 has a low internal impedance 
and re- 
quires a maximum 
100 n trimmer 
on Rg to adjust re- 
action ratio. Pin 8 must always be connected to - VCC 
through 
a filtering 
capacitor. 


TEMPERATURE 
EFFECTS - 
The TDAl185A 
has very 
efficient 
internal temperature 
compensation. 
If positive 
current feedback is not connected, the RMS power de- 
livered 
to the load is stabilized 
within 
± 0.2% over a 
temperature 
range of +20 to + 70°C. The positive feed- 
back introduces 
in the same temperature 
range. a drift 
of 250 mV on VPin 8; this slight firing 
angle increase 
may be successfully 
used to compensate a motor ohmic 
resistance increase with temperature 
as well. 


MAIN 
LINE VOLTAGE 
COMPENSATION 
- 
As the fi ring 
angle is independent 
of main line voltage, any change 
in the latter (usually 
± 15%) induces a very large power 


V 


variation 
to the load. An external 
compensation 
must 
be used, introducing 
a VPin 12 decrease as Vmains in- 
creases. An inexpensive 
resistor RCOMP, connected to 
the rectifier anode and to Pin 12 performs this role and 
its value depends on VPin 12. Rl0C4, R12· RCOMP can 
be empirically 
determined 
without 
difficulty 
under no 
load conditions. 


FIRING ANGLE DYNAMIC 
- 
With pu rely resistive loads, 


the effective 
RMS applied 
power to the load is an in- 
creasing function 
of the firing angle (per Figure 11). We 
notice the fact that a firing 
angle of 150° provides 
97% 


of the full power corresponding 
to 180°. 


With inductive 
loads, as currents lag with respect to 
Voltage. 
100% power 
corresponds 
to a firing 
angle 
which is smaller than 180°. 


These considerations 
will simplify 
positive feedback 
design if maximum 
firing angle is accepted to be within 
150-160°. 


The triac failed to latch at the first pulse. 
Successive 
pulses are 
generated 
up to the moment 
latching 
oocurs. 


Approaching 
full 
conduction, 
a pulse 
would 
occur 
when 
the 
triac 
still carries 
current; 
the 
pulse 
is delayed 
until 
the triac 
turns 
off. 


I 
I 
Conduction Angle 
I 


+ 
C13'6 


-VCC 


dVPin 8 
Volts 
st 
dVPin 8 ~ f(VPin 9) 


I 


dVPin 9 


50 
100 mV 


~-;VPin9peak 


~o 


Duty 
t1 
t2 


Cycle 
= t2 


FIGURE S - 
TRANSFER 
FUNCTION 
(Pin S/Pin 9) 


(VPin 8-VPin 
1) 
(Volts) 
TA = 2S·C 
RINT(Pin 8) ~ 120 k Typ 


"-VPin 
12 Permanent 
Set 


(VP9 - 
Vp14) 
(mV) 


200 
300 


Feedback 
9 


Input 


Integration 
8 
of Feedback 


IPin 4 
10 
Programming 


12 
Set Speed 


Soft-Start 
13 
Capacitor 


14 


+VCC 


Trigger 
Pulse 
Output 


Triac 
Off 


6 
Current 
Sync 


120 k 


7 
Voltage 


Zero 
Phase 
Sync 


4 
Sawtooth 
Capacitor 


II 


® MOTOROLA 


The TDA1285A 
has all the necessary functions 
for the speed 
control of universal motors in a closed loop configuration. 
Directly 
driven from the ac line, the circuits generate a phase angle varied 
trigger 
pulse to the control 
triac. In addition 
it provides 
the fol- 
lowing 
features: 


• 
Full Wave Triac Drive 


• 
Repeated Trigger 
Pulse if Triac Fails to Latch 


• 
Over 65 mA Output 
Pulse Current 


• 
Automatic 
Adaptation 
to Inductive 
or Hall Effect Sensors 


• 
Sensor Circuit Continuity 
Detection 


• 
Motor Current Limitation 


• 
Controlled 
Motor Starting 
Acceleration 


• 
Typical 
1-2% Motor 
Speed Variation 
Within 
All Temperature 
and Load Ranges 


UNIVERSAL 
MOTOR 
SPEED CONTROLLER 
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INTEGRATED CIRCUIT 
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Parameter 
Symbol 
Value 
Unit 


Supply 
Current 
IPin 9 RMS 
20 
mA 


Peak Supply 
Current, 
t < 250 IJS 
IPin 9 PEAK 
200 
mA 


Regulated 
Supply 
Current 
Drain 
IPin 10 
10 
mA 


Peak ac Synchronization 
Input 
Currents 
IPin 1 
"'2.0 
mA 


IPin 2 
"'2.0 
mA 


Current 
Drain 
per Listed Pin 
13 
-1.0 
mA 


+2.0 


112 
+500 
jiA 


-4.0 
mA 


16 
-7.0 
mA 


+1.0 


115 
+1.0 
mA 


Pin 3 Reverse 
Voltage 
VPin 3 
-5.0 
V 


Power 
Dissipation 
(TA 
~ 
25'C) 
Po 
625 
mW 
Derate 
above 
25°C 
1IR8JA 
6.8 
mWrC 


Operating 
Temperature 
Range 
TA 
o to 70 
·c 


Storage 
Temperature 
Range 
TStQ 
-55 
to 
+ 125 
·c 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Zener 
Regulated 
Voltage, 
IPin 9 = 20 mA 
VPin 9 
19 
20.5 
23 
V 
Regulated 
Supply 
Voltage 
(Pin 10) 
VCC 
13.6 
14.6 
15.6 
V 


IPin 10 ~ 0; IPin 13 ~ 0; IPin 15 ~ 0 
IPin 7 = 0; VPin 9 = 18 V 
Current 
Consumption 
(IPin 91 
ICC 
- 
4.5 
7.0 
mA 


IPin 6 ~ 0; IPin 13 ~ 0; IPin 10 ~ 0 
IPin 15 = 0; IPin 7 = 0; VPin 9 = 18 V 


Speed 
Reference 
Reference 
Input 
Voltage 
Range 
VPin 5 
0 
- 
12 
V 
Reference 
Input 
Bias Current 
(VPin 5 : 0 to 
+ 12 VI 
IPin 5 
-2.0 
- 
0 
jiA 


Frequency 
to Voltage 
Converter 
Inductive 
Sensor 
Application 
Range 
IPin 6 
-2.5 
- 
0 
mA 
Hall-Effect 
Sensor 
Application 
Range 
IPin 6 
-8.0 
- 
-3.5 
mA 
Maximum 
Input 
Signal 
Voltage 
VPin 
12 - 
VPin 6 
-5.0 
- 
+5.0 
V 
Common-Mode 
Reference 
Voltage 
VPin 6 
- 
5.0 
- 
V 
Polarization 
Current 
(- 
5.0 V < VPin 
12 - 
VPin 6 < +5.0 
V) 
IPin 12 
- 
-50 
- 
jiA 


Threshold 
Hysteresis 
Voltage 
(See Figure 
41 
(VSensor 
- VPin 6)THRS 
- 
",60 
- 
mV 
Floating 
Input 
Voltage 
(IPin 12 ~ 0) 
VPin 
12 
12 
- 
- 
V 


Main 
Comparator 
Output 
Voltage 
Range 
(IPin 16 = 0) 
VPin 
16 
- 
0; 
+12 
- 
V 
Output 
Current 
Swing 
IPin 16 
- 
"'100 
- 
jiA 


Transconductance 
(IPin 7 = 0; IPin 10 = 0; VPin 
16 = 5.2 VI 
~ 
140 
205 
265 
p.AIV 


dVPin 
4 
Output 
Resistance 
Rout Pin 16 
- 
106 
- 
n 
Offset 
Voltage 
(IPin 7 ~ 0; IPin 16 ~ 0; VPin 
16 = 5.0 V) 
VPin 5 - 
VPin 4 
-20 
0 
+20 
mV 


Chlrleteriotic 
Symbol 
Min 
Typ 
MIx 
Unit 


Current 
limitation 
Detection 
Level 
VPin 3 Min. 
- 
0.65 
- 
V 
Clamping Voltage Level 
VPin 3 CLAMP 
- 
1.3 
- 
V 
Output Discharge Current 
IOL7 
- 
0.5 
- 
mA 
Saturation 
Resistance 
Rsat Pin 7 
- 
1.6 
- 
kO 


Start-up 
Maximum Start-up Voltage (IPin 7 ~ 0) 
VPin 7 
- 
4.5 
- 
V 
Start-up Current (until motor turns) (Pin 7 ~ 0) 
IPin 7 
- 
-1.0 
- 
mA 


Soft-Start 
- 
- 
p.A 
Acceleration Charging Current 
IPin 7 
-8.0 


Trigger 
Pulse Generator 
Trigger Pulse Width" 
tp 
- 
100 
- 
JJ-S 
Trigger Pulse Repetition Period" 
t 
- 
600 
- 
JJ-S 
Output Pulse Current (VPin 13 = 1.0 V) 
IPin 13 
-70 
- 
-65 
mA 
Output LeakageCurrent (VPin 13 ~ - 2.0 VI 
10Pin 13 
- 
- 
10 
p.A 
Current Synchronization Threshold Levels (Pin 1 and Pin 21 
IThrs 
- 
:t80 
- 
p.A 


Sawtooth 
Current 
Generator 
IPin 14 
- 
-65 
- 
p.A 
Pin 15 Voltage (IPin 15 = 01 
VPin 15 
- 
1.3 
- 
Volt 


The TDA1285A generates trigger 
pulses for a triac controlling 
the power into an ac motor connected 
to a line voltage. 


The firing 
angle of the triac is determined 
by comparison 
between 
a sawtooth 
signal 
(line voltage 
synchronized) 
and 
the main internal 
comparator 
signal. 
The latter is the difference 
between 
a set voltage 
(externally 
adjustable) 
repre- 
senting 
the reference 
speed and the actual motor 
speed issued from 
an external 
sensor and converted 
by an internal 
frequency 
to voltage 
converter. 
This sensor 
may be inductive 
(tachometer) 
or Hall-effect. 
Other functions 
are also 
provided 
by the TDA 1285A. 


DC POWER SUPPLY 
DC Power is directly derived from the ac line by a low 
cost resistor-rectifier-capacitor 
circuit. 
The voltage 
on 
Pin 9 is Zener protected. 
The voltage on Pin 10 is fully 
regulated 
by a series ballast regulator, 
but is not self- 
limiting. 
Special provisions for Hall-effect sensor power 
are included. 


TACHOMETER INPUT (Pins 6 and 12) 
The maximum 
allowable 
voltage 
swing 
is - 5.0 to 


+ 5.0 V. Circuit 
continuity 
is permanently 
checked by 
the monitor. 


HALL-EFFECT INPUT (Pins 6 and 12) 
When IPin 6 exceeds 3.0 mA, the circuit detects the 
use of a Hall-effect sensor and thus sensor circuit con- 
tinuity 
is not checked (an open circuit 
would 
provide 
full triac conduction 
angle). 


FREQUENCY TO VOLTAGE CONVERTER 
This circuit converts the tachometer 
input frequency 
into a proportional 
voltage 
on Pin 4 (eventually 
usable 
for any feedback). 
Particular 
care must be devoted 
to 
the conversion 
ratio of the FN converter which is under 
the user control. 
In effect, it depends on the values of 
the Cll 
capacitor and' on tachometer 
frequency 
f(Hz). 


VPin 4 corresponding 
to maximum 
allowed 
motor 
speed must be chosen as close as possible to 12 V in 
order to minimize 
noise disturbance 
down to a negli- 
gible level. 


MAIN COMPARATOR 
Its role is to amplify 
the signal error. Negative feed- 
back from the output 
(Pin 16) to the input may be used 
to reduce the closed loop gain of the system and in- 
crease stability. 


SOFT START (Pin 7) 
Set speed input 
(Pin 5) is overruled 
by similar 
data 
from 
Pin 7 as long as VPin 7 is smaller than VPin 5 + 


400 mV (Typ). An internal 8.0 /-fA.current source allows 
an external 
capacitor, 
C7 to be charged 
slowly 
and 
thus lets the ac motor soft start (Figure 2). Pin 4 offset 


may 
be 
set 
appropriately 
by 
an 
external 
resistor 
(Rl = 1 MO). Notice that Rl may affect FN conversion 
ratio. An external 10 nF capacitor on Pin 5 reduces noise 
sensitivity. 


START-UP CIRCUIT 
From the moment 
power is applied to the circuit (or 
the circuit 
is enabled 
by Monitoring) 
to the moment 
a 
speed input signal is detected, C7 is charged at a high 
current 
level (typically 
1.0 mAl. 
Detection 
of the first 
tachometer 
input resets the Pin 7 current to its nominal 
value (8.0 /-fA.). The result of such a circuit is to start the 
acceleration 
ramp at the moment 
the motor 
starts to 
turn, avoiding 
any dead time (see Figure 2). When the 
motor 
is cycled on and off in close succession, the ac- 
celeration 
ramp is started immediately 
without 
waiting 
for the motor to stop. 


MOTOR CURRENT LIMITATION (Pin 3) 
The motor current 
is sensed as a voltage developed 
across a resistor (R3) in series with the triac. The limiter 
acts on positive peak values of R3 x I filtered 
by a 22 k 
and 0.1 /LF,RC network (Figure 7). The motor current is 
reduced, 
decreasing 
its speed reference 
by discharg- 


ing C7 until 
current 
limit 
equilibrium 
is reached (see 
Figure 3). 


TRIGGER PULSE GENERATOR 
It delivers a 65 mA min. current pulse to the triac gate 
and repeats it if the triac fails to latch or if brush bounce 
has switched 
it off (Figure 6). Current and voltage 
de- 
tection through 
the triac are performed 
by Pins 1 and 
2, delaying 
the trigger 
pulse until the triac current col- 
lapses. The pulse time is determined 
by the comparison 
of a sawtooth 
signal (available 
at Pin 14 and synchro- 
nous with line voltage) and the error signal directly sup- 
plied by the comparator. 


Sawtooth 
slope is determined 
by the external capac- 
itor C14' Under these conditions 
pulse width is typically 
100 /LS(Figure 5). 


MONITORING 
This is an internal function, 
disabling the circuit when 
- 
VCC is insufficient 
- 
Tachometer 
circuit is open and 'Pin 6 < 1-3.0 mAl 


•• 


L 
Sensor Voltage 
r 


2.2 k is a recommended value to balance the 
voltage 
offset 
caused 
by sensor 
continuity 
detection circuit. 


V13-8_!-set 
by C14 


Approaching full conduction angle a pulse 
would 
occur when 
the triac still carries 
current; the pulse is delayed until the triac 
turns 
off 


ITriac 
I 


I 
/VPin13 
In 
-i------ 


~ 


• 


A motor 
control 
circuit 
using tachometer 
as speed 
sensor. It provides 
speed regulation 
as follows: 


• 
± 1.0% from 20 to 70°C 
• 
1.0% in full load range. 


It is strictly 
recommended 
to design the PC board in 
order 
to 
plug 
every 
connection 
to 
ground 
(Pin 8) 


directly 
and 
individually; 
otherwise, 
violent 
erratic 
currents 
may induce high level noise in the circuitry. 


Motor will run full speed in case of tacho open circuit 


if a 47 k resistor is connncted permanently 
between Pins 
6 and 12. 


~71LF 
..,.. 
+ 
10 k 


R1 


330 nFr 
-= 
220 k 


Hall- 
Effect 
Sensor 


1.0Ml1 


R4 


NOTES: 


Frequency 
to Voltage 
converter 


- 
Max. 
motor 
speed 
30,000 
rpm 


- 
Tachogenerator 
4 pairs 
of poles: 
max. 
frequency"'" 
30~~OO x 4 = 2 kHz 


- 
el1 
"'" 680 
pF. R4 adjusted 
to obtain 
VPin 
4 
"'" 12 V at max. 
speed: 
68 kO 


- 
Power 
Supply 


with 
Vmains 
= 
120 Vac, 
Rl 
= 4.7 
kO. 
Perfect 
operation 


will 
occur 
down 
to 80 Vac. 


ZERO VOLTAGE 
SWITCH 
PROPORTIONAL 
BAND 
TEMPERATURE 
CONTROLLER 


The UAA 1016B is designed to drive triacs with the Zero Voltage 
technique 
which 
allows 
RFI free power 
regulation 
of resistive 
loads. It provides 
the following 
features: 


• 
Proportional 
Temperature 
Control 
Over an Adjustable 
Band 


• Adjustable 
Burst Frequency (to Comply with Standards) 


• 
Sensor Fail-Safe 


• 
No dc Current Component 
Through 
the Main Line (to Comply 
with Standards) 


• 
Negative Output Current Pulses (Triacs Quadrants 
2 and 3) 


• 
Direct ac Line Operation 


• 
Low External Components 
Count 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 
•• 
Pl SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


Temp. 


Rl 
R2 
Set 


VRe! 
4 


R4 
1.0 
M 


(NTCI 
Temp. 
Sensor 


R3 
RL 
180 k 
CPin 
2 


1, Let R4 ~2 5RL 
220 Vac 


2. Select R3 Ratio for a symmetrical reference deviation centered about Pin 1 output swing, R2 will be slightly greater than R3. 


3. Select R2 and R3 values for the desired reference deviation where 6VREF = 
~~Pin 1 


R211R3+1 


Parameter 
Symbol 
Max. Rating 
Unit 


Supply Current (IPin 5) 
ICC 
15 
mA 


Nonrepetitive Supply Current (lPin 5) 
ICCp 
200 
mA 


AC Synchronization Current (Pin 8) 
Isvn 
3.0 
mA (RMS) 


Maximum Pin Voltages 
VPin 1 
0; - VCC 
Volt 
VPin 2 
0; - VCC 
VPin 3 
0; - VCC 
VPin 4 
0; - VCC 
VPin 6 
+2.0; - VCC 


Maximum 
Current 
Drain 
IPin 1 
1.0 
mA 


Power Dissipation 
Po 
625 
mW 
TA = 25'C 


Maximum 
Thermal 
Resistance 
R8JA 
100 
'CIW 


Operating Temperature Range 
TA 
-20 to + 100 
'c 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Current Consumption (Pins 6 and 8 not connected) 
ICC 
- 
0.8 
1.5 
mA 


Stabilized Supply Voltage (VPin5) 
-VCC 
-9.6 
-8.6 
-7.6 
V 
ICC = 2.0 mA max 


Output Pulse Current (VPin 6 from - 1.0to + 1.0Volt) 
lout 
60 
90 
120 
mA 


Output PulseWidth 
tpl 
58 
60 
120 
IJ.S 
RPin 8 = 220 kG, Vmains = 220Vac/50 Hz,(Figures4 and 5) 
t02 
160 
220 
320 


Comparator Input Offset Voltage (VPin3 - VPin 4) 
Voff 
-10 
- 
+10 
mV 


Comparator Common Mode Voltage Range 
VCM 
-VCC+1 
- 
-1.5 
V 


Input Bias Current (Pins 3 and 4) 
liB 
- 
- 
1.0 
!JA 


Output LeakageCurrent (lPin 61 
10utL 
- 
- 
10 
!JA 
VPin 6 = +2.0 V 


Fail-safeThreshold Voltage (VPin3) 
VFSTH 
- 
-0.7 
- 
V 


Capacitor Charging Current (Source) 
IPin 2 
-20 
-16 
-12 
!JA 


Capacitor Discharge Current (Sinkl 
"Pin 2 
- 
6.4 
- 
mA 


Sawtooth Pulse Length (CPin2 = 1.0JLF) 
tsaw 
- 
0.85 
- 
S 


Output Threshold Sawtooth Levels (VPin2) 
VTH1 
- 
-1.0 
- 
V 
VTH2 
- 
-VCC+1.25 
- 


Output Voltage Pin 1 
VPin 1 
- 
VPin 2-0.75 
- 
V 


The circuit delivers 
current 
pulses to the triac at zero 
crossings 
of the 
main 
line sensed 
by Pin 8 through 
Rsync. An internal 
full 
wave logic allows 
the triac to 
latch during full wave periods in order to avoid any de 
component 
in the main line, in compliance 
with Euro- 
pean regulations. 
Trigger 
pulses are generated 
when 
the 
comparator 
detects 
VPin 3 is above 
VPin 4 (or 
Vreference) as sensed temperature 
through 
the NTC is 
then lower than the set value (VREF corresponding 
to 
the external 
Wheatstone 
bridge equilibrium). 


In order to comply with norms limiting 
the frequency 
at which a kW sized load, or above, may be connected 
to the 
main 
line (fluorescent 
tubes 
"flickering"), 
the 
UAA1016B has an internal 
time base providing 
(power 


is delivered 
by bursts to the load) a proportional 
tem- 
perature band control. 
In fact, most of the heating reg- 
ulation systems require low temperature 
overshoot 
for 
more precision 
and stability 
which 
cannot 
be accom- 
plished 
by direct 
on/off 
regulation 
(see Figure 2). An 
internal 
low frequency 
sawtooth 
generator 
whose out- 
put is available at Pin 1, allows the designer to introduce 
a periodic 
linear change of VRef' This deviation 
defines 
the temperature 
band allowing 
proportional 
power con- 
trol (see Figure 3). 
A fail-safe circuit inhibits output pulses when the sen- 
sor circuit 
has a fault (open or short circuit). 


The IC is directly 
powered from the mains by a drop- 
ping resistor, a diode and a filter capacitor. 


--j' 


POWER SUPPLY - 
The rectified 
supply current 
is Ze- 
ner regulated 
to 8.6 V. Current 
consumption 
of the 
UAA1016B 
is typically 
less than 
1.0 mA. The major 
part of the current fed by the dropping 
resistor is used 
for the sensor bridge and triac gate pulses. Any excess 
of supply current 
is excess power dissipation 
into the 
integrated 
Zener. 
Current 
consumption 
of the triac 
pulses may be derived 
from 
Figure 4 and 5 (lgt max. 
and pulse duration). 
Usually an 18 kil, 2.0 W dropping 
resistor 
is convenient 
to feed the UAA1016. 


COMPARATOR 
- 
When VPin 3 is higher than VPin 4 
(VRef), the comparator 
allows 
the triggering 
logic to 
deliver pulses to the triac (Figure 3). The offset hyster- 
esis input voltage 
has been designed to be as low as 
possible (± 10 mV maxI in order to minimize 
the un- 
controllable 
temperature 
band (proportional 
to the hys- 
teresis) as per Figure 6. Noise rejection is performed by 
a synchronous 
sampling 
of the comparator 
output dur- 
ing very short times (typ. less than 100 ns). 


SAWTOOTH 
GENERATOR - 
A sawtooth voltage signal 
is generated by a constant current source (typ. 7.5 pAl. 
charging 
an external 
capacitor 
CPin 2 between 
two 
threshold levels, VTH1 and VTH2, which are respectively: 
VTH1 = -1.0 
V 
VTH2 = -VCC 
+ 1.25 V. 
Charging 
and discharging 
currents 
occur only with 
negative halfcycles of the line. 


In the UAA1016B, the sawtooth 
signal is available at 
Pin 1 as a voltage 
source VPin 1 = VPin 2 -0.75 
V. 


Maximum 
source current 
is 1.0 mA, but to keep good 
linearity of sawtooth signal, a source current 
of 40 pA 
is recommended 
(see Figure 7). 


FAIL-SAFE - 
Output 
pulses are inhibited 
by the "fail- 
safe" circuit if the comparator 
input voltage exceeds the 
specified threshold 
voltage. This would occur if the tem- 
perature sensor circuit had a fault. 


SAMPLING 
FULL 
WAVE 
LOGIC 
- 
Two 
consecutive 
zero-crossing trigger pulses are generatl;ld at every pos- 
itive mains half-cycle of the line to minimize generation 
of noise (as per Figure 8). Within 
every zero-crossing 
the pulses are positioned 
as per Figure 4. Pulse length 
is also adjustable 
by Rsync on Pin 8 to allow 
positive 
triggering 
of the triac at this critical moment (firing with 
low 
voltage 
between 
main 
terminals 
requires 
long 
pulses). 


PULSE AMPLIFIER - 
The pulse amplifier circuit delivers 
minimum 
current 
pulses of 60 mA (sink). The triac is 
triggered 
in quadrants 
II and III. 


SYNCHRONIZATION 
CIRCUIT 
- 
This 
circuit 
detects 
mains zero-crossings 
through 
Rsync and the value se- 
lected determines the trigger pulse length. A zero cross- 
ing current detector is employed with typical thresholds 
of +27 pA to ±98 pA (see Figures 4 and 5). 


FIGURE 3 - 
SAWTOOTH GENERATOR AND PROPORTIONAL BAND 
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the set value and can remain stable as position 
(2). This 
defines 
the "uncontrollable 
temperature 
band" 
which 
will be very small if hysteresis is also very small. 
Referring to Figure 1. the average value of VRel is set 


by R2 and R3. R4 defines the amplitude 
of the sawtooth 
signal superimposed 
on VRef. defining the Proportional 
Band. 
Figure 3 shows three conditions: 
1) During time t1 we always have VPin 3 > VRef. and 
as a result. the comparator 
is always "on" 
and the 
triac fired (100% max. power) 


2) During time t2. VPin 3 is in the proportional 
band. 


and the average power 
delivered 
to the load is a 
fraction 
of maximum 
power. 


3) During 
time 
t3. VPin 3 < VRef. and the triac 
is 
always "off." 


When the sensor temperature 
is above the set value 
and is slowly 
decreasing 
as no heating occurs. VPin 3 
- 
VPin 4 must exceed half the hysteresis value before 
power is applied again (1). A similar effect occurs in the 
opposite 
direction 
when temperature 
sensor is below 


The temperature 
sensor circuit is a Wheatstone bridge 
including 
the sensor element. 
Comparator 
inputs may 
be free from power line noise only if the sensor element 
is purely resistive (NTC resistor). Usage of any P-N junc- 
tion sensor would 
drastically 
reduce noise rejection. 
Fixed phase sensing of the internal 
comparator 
out- 
put eliminates 
parasitic signals. 


Some loads. even designed 
to be resistive. 
have in 
fact a slight inductive 
component. 
A phase shift at Pin 
8 can be achieved with external capacitor C3 connected 
to Pin 8 network 
(see Figure 9). 
Suggested maximum 
source current at Pin 1 is 40!JA. 
in order to have acceptable sawtooth 
signal linearity. 


Sin-1 
(98 
x 10-6) 
Vrms'v'2 
tp2 ~ 
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FIGURE 5 - 
TYPICAL OUTPUT PULSE LENGTH 
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Figure 
9 shows 
a very 
simple 
application 
of the 
UAA1016B as an electronic 
rheostat having 100% effi- 


ciency. C~ is required only if load has an inductive com- 


ponent. Figure 10 shows a typical application 
as a panel 
heater thermostat 
with 
a proportional 
temperature 
band of 1°C at 25°C. 
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Motorola's 
line of precision 
voltage 
references 
is 
designed for applications 
requiring high initial accuracy, 


low temperature 
drift, 
and long term 
stability. 
Initial 
accuracies 
of ± 1.0%, and ± 2.0% means production 
line adjustments 
can be eliminated. 
Temperature 
coef- 
ficients of 25 ppmrc 
max (typically 10 ppmrC) 
provide 
excellent stability. Uses for the references 
include D/A 
converters, 
AID converters, 
precision 
power supplies, 


voltmeter 
systems, temperature 
monitors, 
and others. 


Voltage References 
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Voltage References 


Precision Low Voltage References 


Vout 
10 
VoutfT 
Device 


Volts 
mA 
ppmrC 
- 55' to 
+ 125'C 
Regline 
Regload 
Typ 
Max 
Max 
O' to 70'C 
_40' 
to 
+85'C 
mV 
Max 
mV 
Max 
Case 


1.235±12mV 
20 
20 Typ 
LM385BZ-1.2 
LM285Z-1.2 
(Note 
1) 
1.0 
29 


1.235 
± 
25 mV 
LM385Z-1.2 
(-40' 
to 
+85'C) 
(Note 
2) 


2.5 
± 
38 mV 
LM385BZ-2.5 
LM285Z-2.5 
2.0 


2.5 
± 
75 mV 
LM385Z-2.5 
(-40' 
to 
+85'C) 
INote 
3) 


2.5 
± 
25 mV 
10 
25 
MC1403A 
MC1503A 
3.0/4.5 
10 
693,751 


40 
MC1403 
(Note 
4) 
INote 
6) 


55 
MC1503 


5.0 
± 
50 mV 
25 
MC1404AU5 
60 
693 


40 
MC1404U5 
(Note 
5) 


55 
MC1504U5 


6.25 
± 
60 mV 
25 
MC1404AU6 


40 
MC1404U6 


55 
MC1504U6 


10 ± 
100 mV 
25 
MC1404AU10 


40 
MC1404Ul0 


55 
MC1504Ul0 


2.5 to 37 
100 
50 Typ 
TL431C,AC 
TL431I, 
AI 
Shunt 
Reference 
29,626 
(-40' 
to 
+85'C) 
Dynamic 
Impedance 
693 


TL431M 
z 
0::;: 0.5 
693 


Notes: 1. Micro-Power Reference Diode Dynamic 


Impedance 
Izl ~ 
1.0 0 at IR 
'= 
100 p.A 


2.10 
J.LA~ IR os; 1.0 mA 


Device 


LM285 
LM385 
MC1403,A 
MC1404,A 
MC1503,A 
MC1504 
TL431,A 


Function 
Micropower 
Voltage Reference Diodes 
. 


Micropower 
Voltage Reference Diode 
. 


Precision Low Voltage Reference 
. 


Precision Low Drift Voltage Reference 
. 
Precision Low Voltage Reference 
. 


Precision Low Drift Voltage Reference 
. 


Programmable 
Precision References 
. 


Page 
5-4 
5-4 
5-8 
5-12 
5-8 
5-12 
5-17 
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The LM285/LM385 
series are micropower 
two-terminal 
band- 


gap voltage 
regulator 
diodes. 
Designed to operate over a wide 
current 
range of 10 I"A to 20 mA, these devices feature 
excep- 
tionally 
low dynamic 
impedance, 
low noise and stable operation 
over time and temperature. 
Tight voltage tolerances are achieved 
by on-chip trimming. 
The large dynamic operating 
range enables 
these devices to be used in applications 
with widely varying 
sup- 


plies with 
excellent 
regulation. 
Extremely 
low operating 
current 
make these devices ideal for micropower 
circuitry 
like portable 
instrumentation, 
regulators 
and 
other 
analog 
circuitry 
where 
extended 
battery life is required. 
The LM285/LM385 series are packaged in a low cost TO-226M 
plastic case and are available in two voltage versions of 1.235 and 
2.500 volts as denoted 
by the device suffix 
(see ordering 
infor- 
mation 
table). The LM285 is specified 
over a - 40°C to + 85°C 
temperature 
range while the LM385 is rated from O°Cto + 70°C. 


The LM385 is also available in a surface mount plastic package 


in voltages of 1.235 and 2.500 volts. 


• 
Operating 
Current from 
10 I"A to 20 mA 


• 
1.0%,1.5%,2.0% 
and 3.0% Initial Tolerance Grades 


• 
Low Temperature 
Coefficient 


• 
1.0 n Dynamic Impedance 


• 
Surface Mount 
Package Available 


360 k 
Open 
for 1.235 V 


LM285 
LM385 


MICROPOWER 
VOLTAGE 
REFERENCE 
DIODES 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


ZSUFAX 


PLASTIC 
PACKAGE! 
CASE 
29-04 
(Bottom 
View) 
c:w3 
99 
If4l 
N.C. 3 
CATHODE 
2 


ANODE 
1 


D SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
SO-8 


1.5 V 


Battery 1- 


Reverse 
Break- 
Temp. 
down 
Deviee 
Ranga 
Voltage 
Tolefanee 


LM285Z-1.2 
1.235 
:<:1.0% 


-4O"C 
Volts 


LM285Z-2.5 
to 
+85°C 
2.500 
:<:1.5% 


Volts 


LM385BZ-1.2 
1.235 
:<:1.0% 


Volts 


LM385Z-1.2 
O°C to 


1.235 
:<:2.0% 
LM385D-1.2 
Volts 


LM385BZ-2.5 
+ 70°C 
2.500 
:<:1.5% 


Volts 


LM385Z-2.5 
2.500 
:<:3.0% 


LM385D-2.5 
Volts 


Rating 
Symbol 
Value 
Unit 


Reverse 
Current 
- 
IR 
30 
mA 


Forward 
Current 
IF 
10 
mA 


Operating 
Ambient 
Temperature 
Range 
TA 
·C 


LM285 
-40 
to 
+85 
LM385 
o to 
+70 


Operating 
Junction 
Temperature 
TJ 
+150 
·C 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
·C 


LM285-1.2 
LM385-1.21LM385B-1.2 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Reverse 
Breakdown 
Voltage 
VIBR)R 
V 


IRmin 
" 
IR " 
20 mA 
LM285-1.21LM385B-l.2 
1.223 
1.235 
1.247 
1.223 
'1.235 
1.247 


TA = Tlow 
to Thigh 
INote 
1) 
1.200 
- 
1.270 
1.210 
- 
1.260 
LM385-1.2 
- 
- 
- 
1.205 
1.235 
1.260 


TA = Tlow 
to Thioh 
INote 
1) 
- 
- 
- 
1.192 
- 
1.273 


Minimum 
Operating 
Current 
IRmin 
IJ-A 


TA = 25·C 
- 
8.0 
10 
- 
8.0 
15 


TA = Tlow 
to Thioh 
INote 
1) 
- 
- 
20 
- 
- 
20 


Reverse 
Breakdown 
Voltage 
Change 
with 
Current 
dVIBR)R 
mV 


IRmin" 
IR" 
1.0 mA, 
TA 
~ 
+25·C 
- 
- 
1.0 
- 
- 
1.0 


TA = Tlow 
to Thigh 
INote 
1) 
- 
- 
1.5 
- 
- 
1.5 


1.0 mA" 
IR" 
20 mA, 
TA 
~ 
+25·C 
- 
- 
10 
- 
- 
20 


TA = Tlow 
to Thioh 
INote 
1) 
- 
- 
20 
- 
- 
25 


Reverse 
Dynamic 
Impedance 
Z 
- 
0.6 
- 
- 
0.6 
- 
n 
IR ~ 
100 IJ-A, TA 
~ 
+25·C 


Average 
Temperature 
Coefficient 
dV(BR)/dT 
- 
80 
- 
- 
80 
- 
ppmrc 


10 IJ-A" 
IR " 
20 mA, 
TA = Tlow 
to Thioh 
(Note 
1) 


Wideband 
Noise 
(RMS) 
n 
- 
60 
- 
- 
60 
- 
IJ-V 


IR = 100 IJ-A, 10 Hz " 
f " 
10 kHz 


Long 
Term 
Stability 
S 
- 
20 
- 
- 
20 
- 
ppm/ 


IR ~ 
l00IJ-A, 
TA 
~ 
+25·C 
± O.l·C 
kHR 


LM285-2.5 
LM385-2.5/LM385B-2.5 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Reverse 
Breakdown 
Voltage 
VIBR)R 
V 


IRmin 
" 
IR " 
20 mA 
LM285-2.5/LM385B-2.5 
2.462 
2.5 
2.538 
2.462 
2.5 
2.538 


TA 
~ Tlow 
to Thigh 
(Note 
1) 
2.415 
- 
2.585 
2.436 
- 
2.564 
LM385-2.5 
- 
- 
- 
2.425 
2.5 
2.575 


TA 
~ Tlow 
to Thioh 
INote 
1) 
- 
- 
- 
2.400 
- 
2.600 


Minimum 
Operating 
Current 
IRmin 
IJ-A 
TA 
~ 
25·C 
- 
13 
20 
- 
13 
20 
TA = Tlow 
to Thiah 
INote 
1) 
- 
- 
30 
- 
- 
30 


Reverse 
Breakdown 
Voltage 
Change 
with 
Current 
dVIBR)R 
mV 


IRmin 
" 
IR " 
1.0 mA, 
TA = 
+25·C 
- 
- 
1.0 
- 
- 
2.0 
TA = Tlow 
to Thigh 
INote 
1) 
- 
- 
1.5 
- 
- 
2.5 
1.0 mA" 
IR " 
20 mA, 
TA = 
+25·C 
- 
- 
10 
- 
- 
20 
TA 
~ Tlow 
to Thioh 
INote 
1) 
- 
- 
20 
- 
- 
25 


Reverse 
Dynamic 
Impedance 
Z 
- 
0.6 
- 
- 
0.6 
- 
n 
IR ~ 
100 IJ-A, TA = 
+25·C 


Average 
Temperature 
Coefficient 
dVIBR)/dT 
- 
80 
- 
- 
80 
- 
ppmrc 
20!J-A 
" 
IR " 
20 mA, 
TA = Tlow 
to Thiah 
INote 
11 


Wideband 
Noise 
IRMS) 
n 
- 
120 
- 
- 
120 
- 
IJ-V 
IR ~ 
100!J-A, 
10 Hz " 
f " 
10 kHz 


Long 
Term 
Stability 
S 
- 
20 
- 
- 
20 
- 
ppm/ 


IR ~ 
lOOIJ-A, TA = 
+25·C 
± O.l·C 
kHR 


II 


II 


- 
-TA 
+85"C 


TA 
+ 25"C 
~ 
'l'Y 
/ 
TA 
4O"CI-- I-- 


A 
rI 
~ 
I 
I 


1.250 


1.2 
~ 
~ 
w 
1.240 


w 
1.0 
<.:l 


<.:l 
~ 
~ 
0 


0 
0.8 
> 


> 
w 
V> 1.230 
0 
'" 
~ 0.6 
~ 
~ 
0 
<io 


~ 
0,4 
~ 
1.220 
> 


ffi 
~ 
1.0 


.sF- 


<.:l 
Z 
~ 
8.0 
u 


~ 
6.0 
o> 
~ 
4.0 


~ 
2.0 


<io~ 
:> 
<I 


-2.0 
0.D1 


- 


I--. 
- 
- 
- 


- 
- 


- 
- 


- 
~ 


- 
- 


- 
- 


IR ~ 
100 j'A 
--- 


~ 
625 


~500 


~ 
375 
;z 
af 
250 


1.50 
1.25 


~ 
1.00 


>- 
~ 
0.75 


=> 
00.50 


0.25 


o 


/' 
.0-:- 


J 


Input 
100 k 
/ 
f---<> 


DUT~t- Output 


\ 
~ 


I-- 
-= 


~ 
10 


>- 
~ 
5.0 
~ 
0 


I 
I 


HTA 
+8S·C 
....-: 
'/ 
1 


TA 1 
+12S•C 


./ ./ 
1 
1 


1/ 
TA 
40·C 
1 


1 
1 


100 


1 
>- 
10i 
::> 
u 
w 
ffi 
ll! 1.0 


.!!' 


?: 
~ 
1.0 


~ 
~ 
0.8 


Cl 


~ 
0.6 


Cl:c 0.4 
> 


f250 


~ 
1000 


U'> 
750 
0z.t 
SOO 


250 


0 


10 


:> 
E: 
10 


'"z 
~ 
8.0 
u 
w 


~ 
6.0 
~ 


~ 
4.0 


~ 
2.0 
<i; 
~ 
~ 


-2.0 


0.Q1 


IR = loo~ 


--- 


:> 
:;:; 2.S10 
'" 
~ 
2.500 
~ 


~ 
2.490 


~ 
2.480 


<i; 


~ 
2.470 
:> 


3.00 


1.50 


?: 1.00 
>- 
~ 
1.50 
>- 
61.00 


/"... 
0- 


Input 
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J 
---0 


OUT' " 
Output 
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® MOTOROLA 
MC1403,A 
MC1503,A 


A precIsion 
band-gap 
voltage 
reference 
designed 
for 
critical 
instrumentation 
and 
D/A 
converter 
applications. 
This 
unit 
is 
designed 
to work 
with 
Motorola 
MC1508 
and MC3510 
D/A con- 
verters, 
and 
MCl4433 
AiD 
systems. 
Low 
temperature 
drift 
is a 
prime 
design 
consideration. 


• 
Output 
Voltage: 
2.5 V ±25 
mV 


• 
Input 
Voltage 
Range: 
4.5 V to 40 V 


• 
Quiescent 
Current: 
1.2 mA Typ 


• 
Output 
Current: 
10 mA 


• 
Temperature 
Coefficient: 
10 ppmrC 
Typ 


• 
Guaranteed 
Temperature 
Drift Specification 


• 
Equivalent 
to AD580 


• 
Standard 
8-Pin DIP, and 8-Pin SOIC Package 


Typical Applications 


• 
Voltage 
Reference 
for 8-12 
Bit D/A Converters 


• 
Low TC Zener 
Replacement 


• 
High Stability 
Current 
Reference 


• 
Voltmeter 
System 
Reference 


PRECISION 
LOW VOLTAGE 
REFERENCE 


LASER TRIMMED 
SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT-- 


U SUFFIX 
sfbL,7m 
CERAMIC PACKAGE 
II II' 
CASE 693-02 


• 


DSUFFIX 


_ PLASTIC PACKAGE 


S 
" 
CASE 751-02 


1 
SO-8 


v,nOSNc 


Vout 
2 
7 
NC 


God 
3 
6 
NC 


NC 
4 
5 
NC 


ORDERING INFORMATION 


Temperature 
Device 
Range 
Package 


MC1503U 
Ceramic DIP 


- 55to + 125'C 
MC1503AU 
Ceramic DIP 


MC1403D 
50-8 


MC1403U 
o to + 70°C 
Ceramic DIP 


MC1403AU 
Ceramic DIP 


Rating 
Symbol 
Value 
Unit 


Input 
Voltage 
V, 
40 
V 


Storage 
Temperature 
TSt9 
-65 to 150 
°c 


Junction 
Temperature 
TJ 
+175 
°c 


Operating 
Ambient 
Temeprature 
Range 
TA 
MC1503,A 
-55 to + 125 
°c 
MC1403.A 
o to +70 
°c 


Pin Numbers for 
MC15081140B/3408 


Series; device 
could also be 
MC351013410 


--I 
I 
I 
I 
I 
I 
__ -l 


PROVIDING THE REFERENCECURRENT 
FOR MOTOROLA MONOUTHIC DIA CONVERTERS 


The 
MC1403/1503 
makes an ideal 
reference 
for the 


Motorola 
monolithic 
DIA converters. 
The MC140811508, 


MC3410/3510 
and MC3408 DIA converters 
all require a 
stable 
current 
reference 
of nominally 
2.0 mA. This can be 


easily obtained from the MC140311503 with the addition 
of a series resistor, Rl. A variable resistor, R2, is recom- 


mended to provide means for full-scale 
adjust on the DI 


A converter. 
The 
resistor 
R3 improves 
temperature 
performance 
by 
matching the impedance on both inputs of the DIA refer- 
ence amplifier. 
The capacitor 
decouples 
any noise 
present 
on the reference 
line. It is essential 
if the D/A converter 
is 
located 
any appreciable 
distance 
from 
the reference. 
A single MC140311503reference can provide the required 
current 
input for up to five of the monolithic 
D/A converters. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage 
VOUT 
2.475 
2.50 
2.525 
V 
(lo:OmA) 


Temperature 
Coefficient 
of Output 
Voltage 
f:.VOIIH 
ppm/oC 


MC1503 
- 
- 
55 
MC1503A 
- 
- 
25 
MC1403 
- 
10 
40 
MC1403A 
- 
10 
25 


Output 
Voltage Change 
f:.VO 
mV 


(over specified temperature 
range) 


MC1503 
I-550C 
to +1250C 
- 
- 
25 
MC1503A 
- 
- 
11 


MC1403 
} 
OOCto +700C 
- 
- 
7.0 
MC1403A 
- 
- 
4.4 


Line Regulation 
(10 = 0 mAl 
Regline 
mV 


(15V 
•• VI" 
40 V) 
- 
1.2 
4.5 
(4.5 V •• VI •• 15 V) 
- 
0.6 
3.0 


Load Regulation 
Regload 
- 
- 
10 
mV 


(QmA< 
10< 
10mA) 


Quiescent Current 
IQ 
- 
1.2 
1.5 
mA 


(10: 
OmA) 
II 


II 


+2 


+1 


'> 
.§. 


> 
-1 
z 
w 
-2 
'"z~ -3 
u. 


0 -4 
> 
<I 


-5 


I 


15°C 
--- 
oJc- 
- 


T 750C 
I---I-- 


~OC_ 
- 
- 


.............•. --- 
V 
lJ50C_ - 


I-- 
I 


.... 
-...... 


............ 


"'-.. r--.... 


:< 
.§ 1.15 


>-z 
~ 
1.10 
~ 
=> 
~ 
1.05 


~ 
1.00 


=> 
~095 


0.90 


FIGURE 4 - CHANGE 
IN OUTPUT VOLTAGE 
versus LOAD CURRENT 
(NORMALIZED 
TO Vout 
@l Vin - 15 V. lout = 0 mAl 


10 


./ 
moc 


....•••.... 


./ V 
55°C - 
..,:;.- 
- 
./ V 


75°C 
....•••.... 
- 


- 
-- 
- 


:.- 
~ 
OOC- 
I-- 
- 


- 
--- 
-I-- 


I-- 
25°C - 
- 


'> 9.0 
.§. 


w 
8.0 
'"; 7.0 
0> 
>- 
6.0 


=>~ 
>- 
5.0 
=> 
0., 
4.0 
'" 3.0 
z 
~ 1.0 
- 
>g 1.0 
<I 


1.0 
1.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
10 


lout. 
OUTPUT 
CU RRENT 
(mA) 


1. 
T 
Vin"'5.0V 
_ 
1. Vin 
= 15 V 


lout=2mA 


./ 
~ 
1 


~ 
~1 
/' 
~ 
~' 


> 
z 
-2.0 
w 
~ 
-4.0 
~ 
u. 
-6.0 


>0 
-8.0 


'1 
-10 


-11 


-14 


-75 
-50 
-15 


>0 -2.0 
z 
~ 
-4.0 
z 
~ 
-6.0 


10 =0 mA 


I 
:2.0mA 


= 5.0 mA 


= 8.0 mA 


8 
m 
n 
1~ 
181m 
In 


TA. TEMPERATURE 
lOCI 


3-1/2·DIGIT 
VOLTMETER 
- 
COMMON 
ANODE 
DISPLAYS, 
FLASHING 
OVERRANGE 


An 
example 
of 
a 3·112-digit 
voltmeter 
using the 


MC14433 
is shown in the circuit 
diagram of Figure 8. 


The reference voltage for 
the system uses an MC1403 
2.5 V 
reference IC. The 
full 
scale potentiometer 
can 
calibrate for a full 
scale of 199.9 mV or 1.999 V. When 
switching 
from 
2 V to 
200 mV operation, 
RI is also 
changed, asshown on the diagram. 


When using RC equal to 300 kn, the clock frequency 
for the system is about 66 kHz. The resulting conversion 
time is approximately 
250 ms. 
When the input 
is overrange, the display flashes on 
and off. The flashing rate is one·half the conversion rate. 


This is done by dividing the EOC pulse rate by 2 with 
1/2 MC14013B flip·flop 
and blanking the display using 
the blanking input of the MC14543B. 


The display usesan LED display with common anode 


digit 
lines driven 
with 
an MC14543B decoder and an 
MC1413 LED driver. The MC1413 contains 7 Darlington 
transistor 
drivers and resistors to drive the segments of 


the display. The digit drive is provided by four MPS·A12 
Darlington 
transistors 
operating 
in an emitter-follower 
configuration. 
The 
MC14543B, 
MC14013B 
and 
LED 
displays are referenced to VEE via pin 13 of the MC14433. 
This 
places the 
full 
power supply 
voltage across the 


display. The current 
for the display may be adjusted by 
the value of the segment resistors shown as 150 ohms 
in Figure 8. 


-AI 
= 470 
kn 
for 
2 V Range 
AI 
== 27 kn 
for 200 mV 
Range 
•• My lar Capacitor 


+5V 
+5V 


Segment 
Resistors 


150n 
(7) 


4 
7 
'0 
2 
al 
6 
11 
3 
M 
5 
M 
12 
~ 
:; 
5 
~ 
4 
'3 
u 
u 
3 
::< 
14 
:i 
2 
15 


1 
16 


-5V 
Minus 
Sign 
-5V 


200n 


-5V 


MPS- 


A12 
(4) 


• 


® MOTOROLA 


The 
MC1404 
series 
of 
ICs 
is 
a family 
of 
temperature- 
compensated 
voltage 
references 
for 
precision 
data conversion 
applications, 
such as AID, 
D/A, V/F, and FN. Advances 
in laser- 
trimming 
and ion-implanted 
devices, as well as monolithic 
fab- 
rication techniques, 
make these devices stable and accurate to 12 
bits over both 
military 
and commercial 
temperature 
ranges. In 
addition 
to excellent 
temperature 
stability, 
these parts offer ex- 
cellent 
long-term 
stability 
and low noise. 


e Output Voltages: 
Standard, 
5.0 V, 6.25 V, 10 V 


e Trimmable 
Output: > ±6% 


e Wide Input Voltage 
Range: Vref + 2.5 V to 40 V 


e Low Quiescent Current: 
1.25 mA Typical 


e Temperature 
Coefficient: 
10 ppmf'C Typical 


e Low Output 
Noise: 12 /-LVPopTypical 


e Excellent 
Ripple Rejection: > 80 dB Typical 


TYPICAL APPLICATIONS 


e Voltage 
Reference for 8 - 12 Bit D/A Converters 


e Low TC Zener Replacement 


e High Stability 
Current 
Reference 


e MPU D/A and AID Applications 


MC1404 
MC1404A 
MC1504 


PRECISION 
LOW DRIFT 
VOLTAGE 
REFERENCES 


LASER TRIMMED 
SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


.~ 
1 


U SUFAX 
CERAMIC PACKAGE 
CASE 693-02 


ORDERING INFORMATION 


PACKAGE Ceramic 
DIP 


Device 
1 Temperature 
Range 


5.0 Volts 


- 5S·C to + 12S·C 
O·Cto +70·C 
O"Cto +70·C 


MC1S04US 
MCl404US 
MCl404AUS 


6.2S Volts 


MCl504U6 
MCl404U6 
MCl404AU6 


10 Volts 


MCl504Ul0 
MCl404Ul0 
MC1404AU10 


- SS·C to + 12S·C 
O"Cto +70·C 
O"Cto +70"C 


- SS·C to + 12S·C 
O"Cto +70·C 
O·Cto +70·C 


Rating 
Symbol 
Valua 
Unit 


Input Voltage 
Vin 
40 
V 


Storage Temperature 
Tstg 
-65 to +150 
°c 


Junction Temperature 
TJ 
+175 
°c 


Operating Ambient Temperature 
Range 
TA 
MC1504 
-55 to +125 
°c 
MC1404.A 
o to +70 
°c 


MC1404.A 
MCl504 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Output Voltage 
Vo 
Volt 
lIo"OmAI 


MC1404U5. 
AU5/MC1504U5 
4.95 
5.00 
5.05 
4.95 
5.00 
5.05 
MC1404U6. 
AU6/MC1504U6 
6.19 
6.25 
6.31 
6.19 
6.25 
6.31 
MC1404U10. 
AU10/MC1504Ul0 
9.90 
10 
10.10 
9.90 
10 
10.10 


Output Voltage Tolerance 
- 
- 
±0.1 
+ 1.0 
- 
±0.1 
± 1.0 
% 


Output Trim Range (Figure 10) 
t>VTAIM 
±6.0 
- 
- 
±6.0 
- 
- 
% 


lAp" 
100 kn) 


Output Voltage Temperature Coefficient, 
t>Volt>T 
ppm/oC 


Over Full Temperature Range 


MC1404. MC1504 
- 
10 
40 
- 
- 
55 
MC1404A 
- 
10 
25 
- 
- 
- 
Maximum Output Voltage Change 
t>Vo 
mV 
Over Temperature Range 


MC1404U5. 
MC1504U5 
- 
- 
14 
- 
- 
50 


MC1404AU5 
- 
- 
9.0 
- 
- 
- 
MC1404U6. 
MCl504U6 
- 
- 
17.5 
- 
- 
62 
MC1404AU6 
- 
- 
11 
- 
- 
- 
MC1404U10. 
MC1504UlO 
- 
- 
28 
- 
- 
99 
MC1404AU10 
- 
- 
18 
- 
- 
- 
Line Regulation (1I 
Re91ine 
- 
2.0 
6.0 
- 
2.0 
6.0 
mV 
(Vin = Vout + 2.5 V to 40 V, lout = a mAl 


Load Regulation (1) 
Re910ad 
- 
- 
10 
- 
- 
10 
mV 
10 •• 10" 
10 mAl 


Quiescent Current 
IQ 
- 
1.2 
1.5 
- 
1.2 
1.5 
mA 
110" 0 mAl 


Short Circuit Current 
Isc 
- 
20 
30 
- 
- 
30 
mA 


Long Term Stability 
- 
- 
25 
- 
- 
25 
- 
ppm/1000 
hrs 


MC1404.A 
MC1504 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Turn-On Settling Time 
'S 
- 
50 
- 
- 
50 
- 
'" 
1'0 ±0.01%1 


Output Noise Voltage - 
P to P 
Vn 
- 
12 
- 
- 
12 
- 
"V 
(Bandwidth 0.1 to 10 Hz) 


Small-Signal Output Impedance 
'0 
n 


120 Hz 
- 
0.15 
- 
- 
0.15 
- 


500 Hz 
- 
0.2 
- 
- 
0.2 
- 
Power Supply Rejection Ratio 
I 
PSAA 
70 
80 
- 
70 
80 
- 
dB 


II 


R 
Va 


3.75 
k 
5.0 
V 


5.0 k 
6.25 
V 


8.75 
k 
10 V 


/ 


......• 


~ 


8 
......••• 


/ 


4 


~ 
10.02 
~ 
'"> 


~"'~ 9.9 
- 
9.96 


90 
~ 
'" 
80 


Sz 
70 


'" 
~ 60 
~ 


01"F 
i 
~;: 
:i'~.~ 
i;? 


FIGURE 3 - 
LINE REGULATION 
versus TEMPERATURE 
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/ 
V 
"'" 
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z 
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*z 


FIGURE 5 - 
LOAO REGULATION 
versus TEMPERATURE 


0.010 
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FIGURE 7 - QUIESCENT CURRENT versus TEMPERATURE 
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S 
1.2 
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z 
~ 
1.0 


=> 
~ 
0.8 


:f3 
0.6 


'3 


~ 
0.4 


0.1 


FIGURE 
8 - 
SHORT CIRCUIT 
CURRENT 
versus 
TEMPERATURE 


40 


- 


Vin'" 
15 V 
-- 
r---r- 


The 
MC1404 
trim 
terminal 
can 
be used to adjust 
the output 


voltage 
over 
a i6% 
range. 
For 
example, 
the 
output 
can 
be 
set 
to 
10.000 
V 
or 
to 
10.240 
V for 
binary 
applications. 
For trimming, 


Bourns 
type 
3059, 
100 kn or 200 
k!l 
trimpOl 
is recommended. 


Although 
Figure 
10 illustrates 
a wide 
trim 
range, temperature 


coefficients 
may become unpredictable 
for trim> 
±6.0%. 


FIGURE 9 - 
VTEMP OUTPUT versus 
TEMPERATURE 


1.0 


~ 
~ 
0.8 
~ 
•... 
:>o 
~ 
0.6 


:> 
~ 
_ 
0.4 


~ 


~ 
0.2 
> 


The 
addition 
of 
a power 
transistor, 
a resistor, 
and 
a capacitor 


converts 
the 
MC14Q4 
into 
a precision 
supply 
with 
one 
ampere 


current 
capability. 
At 
V+ 
= 15 V, the 
MC1404 
can 
carry 
in excess 
of 
14 
mA 
of 
load current 
with 
good 
regulation. 
If the power 
transistor 
current 
gain 
exceeds 
75, 
a 
one 
ampere 
supplV 
can 
be realized. 


• 


JO,001 JJF 


'00 k 
TRIM 
(opt) 


+-I :~80~#JF 


(Low 
ESR) 


+5.0 Out 
200 mA to 


6.0 Amps 


I ~'e~:~~ 


f-.l 


001 
,I.IF -=- 


Type 
AT 


Cermet 
TrlmpOl 


or 
Equivalent 


® MOTOROLA 


The TL431,A 
integrated 
circuits 
are three-terminal 
program- 


mable 
shunt 
regulator 
diodes. 
These monolithic 
IC voltage 
ref- 


erences operate 
as a low temperature 
coefficient 
zener which 
is 
programmable 
from 
Vref to 36 volts with two external 
resistors. 


These devices 
exhibit 
a wide operating 
current 
range of 1.0 to 
100 mA with 
a typical 
dynamic 
impedance 
of 0.22 n. The char- 


acteristics 
of these references make them excellent replacements 
for zener diodes in many applications 
such as digital voltmeters, 
power 
supplies, 
and op amp 
circuitry. 
The 2.5 volt 
reference 
makes it convenient 
to obtain 
a stable 
reference 
from 
5.0 volt 
logic supplies, 
and since the TL431,A operates as a shunt regu- 
lator, 
it can be used as either 
a positive 
or negative 
voltage 
reference. 


• 
Programmable 
Output Voltage to 36 Volts 
• 
Voltage 
Reference Tolerance: 
:t 1.0% (TL431,AI 
• 
Low Dynamic 
Output 
Impedance, 
0.22 II Typical 
• 
Sink Current Capability 
of 1.0 to 100 mA 
• 
Equivalent 
Full-Range Temperature 
Coefficient 
of 50 ppm/'C 
Typical 
• 
Temperature 
Compensated 
for Operation 
over Full Rated 
Operating 
Temperature 
Range 
• 
Low Output 
Noise Voltage 


~ 


Cathode 
(K) 


Reference 
(R) 


Anode 


(A) 


Reference r-- - - - - - - - - - -, 
Cathode 


(RI 
• 
: 
(K) 
I 
I 
I 
I 
I 
L 
...1 


Anode 
(A) 


TL431,A 
Series 


PROGRAMMABLE 
PRECISION 
REFERENCES 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 


PLA;~I~~~~AGE/ 
CASE 
29-04 


Pin 1 
Reference 
1 
2. Anode 
2 
3 
Cathode 
3 


P SUFFIX 


~ 


PLASTIC 
PACKAGE 
CASE 
626-05 


B 
~ 
(Top VIew) 


1 
Calhodf'08 Referenc~ 


NC 
2 
7 
NC 


N C 
3 
6 
Anode 


NC 
4 
5 
Ne 


~ 
JG SUFAX 
1 


CERAMIC 
PACKAGE 
CASE 
693-02 


B~- 


DSUFAX 
PLASTIC 
PACKAGE 
CASE 
751-02 
SOP-S 
, 


PIN 1. CATHODE 
S. N.C. 


2. ANODE 
6. ANODE 
3. ANODE 
7. ANODE 
4. N.C. 
8. REFERENCE 


SOP-8is an internally modified SO..a Pactlge. Pins 
2. 3. 6 and 7 are electrically common to the die 
attach flag. This internal lead frame modification 
decrealel 
package 
thermal 
resistance 
and 
incr.ases 
power 
dillipation 
capability 
when 
appropriately mounted on 8 printed circuit bolrd. 
SOP-8 conforms 
to III extemll 
dimensions 
of the 
standard 
SO-8 Package. 


Temperature 
Device 
IloInge 
Pack_ 


TL43'CLP,ACLP 
o to + 7O'C 
P1lstic 


TL431CP,ACP 
o to +7O'C 
Pllstic 
DIP 


TL431CO,ACD 
o to +700c 
SOP-S 


TL431CJG 
o to 
+ 7O'C 
Cerlmic 
DIP 


TL431ILP,AILP 
-40 
to +85'C 
Plastic 


TL431IP.AlP 
-40 
to 
+85'C 
P1lltic 
DIP 


TL431IJG 
-40 
to +85'C 
Cerlmic 
DIP 


TL431MJG 
-55 
to + 125-C 
Cer.mic 
DIP 


• 


II 


- 


Rating 
Symbol 
Value 
Unit 


Cathode 
To Anode 
Voltage 
VKA 
37 
V 


Cathode 
Current 
Range, 
Continuous 
IK 
-100 
to 
+150 
mA 


Reference 
Input 
Current 
Range, 
Continuous 
Irel 
-0.05 
to 
+ 10 
mA 


Operating 
Junction 
Temperature 
TJ 
150 
'C 


Operating 
Ambient 
Temperature 
Range 
TA 
'C 
TL431M 
- 55 to 
+ 125 


TL431I, 
TL431AI 
-40 
to 
+-85 


TL431C, 
TL431AC 
o to 
+ 70 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
'C 


Total 
Power 
Dissipation 
@ TA = 25'C 
Po 
W 
Derate 
above 
25'C Ambient 
Temperature 
0, LP Suffix 
Plastic 
Package 
070 
P Suffix 
Plastic 
Package 
1.10 


JG Suffix 
Ceramic 
Package 
1.25 


Total 
Power 
Dissipation 
0 
TC = 25'C 
Po 
W 


Derate 
above 
25°C Case Temperature 
0, LP Suffix 
Plastic 
Package 
1.5 


P Suffix 
Plastic 
Package 
30 
JG Suffix 
Ceramic 
Package 
3.3 


0, LP Suffix 
P Suffix 
JG Suffix 


Characteristics 
Symbol 
Package 
Package 
package 
Unit 


Thermal 
Resistance, 
Junction 
to Ambient 
ReJA 
178 
114 
100 
'crw 


Thermal 
Resistance, 
Junction 
to Case 
ReJC 
83 
41 
38 
'crw 


ConditionNalue 
Symbol 
Min 
Max 
Unit 


Cathode 
To Anode 
Voltage 
VKA 
Vrel 
36 
V 


Cathode 
Current 
'K 
1.0 
100 
mA 


TL431M 
TL431 I 
TL431C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Relerence 
Input 
Voltage 
(Figure 
1) 
Vrel 
I 
V 


VKA 
~ Vrel, 
'K ~ 
10 mA 
TA = 
+ 25'C 
2.440 
2.495 
2.550 
2.440 
2.495 
2550 
2.440 
2.495 
2550 


TA = Tlow 
to Thioh 
(Note 
1) 
2.396 
- 
2.594 
2.410 - 
2580 
2.423 - 
2.567 


Reference 
Input 
Voltage 
Deviation 
Over 
fWrel 
- 
15 
44 
- 
7.0 
30 
- 
3.0 
17 
mV 
Temperature 
Range 
(Figure 
1, Note 
1, 2, 4) 


VKA 
~ Vrel, 
IK = 10 mA 


Ratio of Change 
in Reference 
Input Voltage 
6Vrel 
mVN 


to Change 
in Cathode 
to Anode 
Voltage 
6VKA 
'K = 10 mA (Figure 
2), 6VKA 
= 10 V to Vrel 
- 
-1.4 
- 2.7 
- 
- 1.4 
-2.7 
- 
-1.4 
-2.7 


6VKA 
~ 36Vto 
10V 
- 
-1.0 
-2.0 
- 
-1.0 
-2.0 
- 
-1.0 
-2.0 


Relerence 
Input 
Current 
(Figure 
2) 
Irel 
iJ-A 


'K ~ 
10 mA, 
Rl 
= 10 k, R2 ~ 
x 


TA = 
+25'C 
- 
1.8 
4.0 
- 
1.8 
4.0 
- 
1.8 
4.0 


TA = Tlow 
to Thioh 
(Note 
1) 
- 
- 
7.0 
- 
- 
6.5 
- 
- 
52 


Reference 
Input 
Current 
Deviation 
Over 
61ref 
- 
1.0 
3.0 
- 
0.8 
2.5 
- 
0.4 
1.2 
iJ-A 
Temperature 
Range 
(Figure 
2, Note 
1, 4) 
IK = 10 mA, 
Rl 
~ 
10 k, R2 = x 


Minimum 
Cathode 
Current 
For Regulation 
Imin 
- 
0.5 
1.0 
- 
0.5 
1.0 
- 
0.5 
1.0 
mA 
VKA 
~ Vref 
(Figure 
1) 


Off-State 
Cathode 
Current 
(Figure 
3) 
'off 
- 
2.6 
1000 - 
2.6 
1000 - 
2.6 
1000 
nA 


VKA 
= 36 V, Vrel 
~ 0 V 


Dynamic 
Impedance 
(Figure 
1, Note 
3) 
IZkal 
- 
0.22 
0.5 
- 
0.22 
0.5 
- 
0.22 
0.5 
fl 
VKA 
= Vrel, 
61K 
~ 
1.0 mA to 100 mA 
I'" 
1.0 kHz 


TL431AI 
TL431AC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
MIx 
Unit 


Reference 
Input Voltage (Figure 1) 
Vref 
V 
VKA = Vref, IK = 10 mA 
TA = + 25·C 
2.470 
2.495 
2.520 
2.470 
2.495 
2.520 
TA = Tlow to ThiQh (Note 4) 
2.440 - 
2.550 
2.453 - 
2.537 


Reference 
Input 
Voltage 
Deviation 
Over 
IWref 
- 
7.0 
30 
- 
3.0 
17 
mV 


Temperature 
Range (Fi9ure 1, Note 1, 21 
VKA = Vref, IK = 10 mA 


Ratio of Change 
in Reference 
Input Voltage 
6Vref 
mVN 
to Change 
in Cathode 
to Anode Voltage 
6VKA 
IK ~ 10 mA (Figure 21, 6VKA = 10 V to Vref 
- 
-1.4 
-2.7 
- 
-1.4 
-2.7 


6VKA = 36 V to 10 V 
- 
-1.0 
-2.0 
- 
-1.0 
-2.0 


Reference 
Input Current 
(Figure 21 
Irel 
/'A 


IK"~ 10mA,Rl 
~ 10k,R2 
~ x 


TA ~ + 25·C 
- 
1.8 
4.0 
- 
1.8 
4.0 
TA ~ Tlow to Thioh (Note 11 
- 
- 
6.5 
- 
- 
5.2 


Reference 
Input 
Current 
Deviation 
Over 
61rel 
- 
0.8 
2.5 
- 
0.4 
1.2 
/'A 
Temperature 
Range (Figure 2, Note 11 


IK ~ 10 mA, Rl ~ 10 k, R2 ~ x 


Minimum 
Cathode 
Current 
For Regulation 
Imin 
- 
0.5 
1.0 
- 
0.5 
1.0 
mA 
VKA ~ Vrel (Figure 11 


Off-State Cathode 
Current 
(Figure 31 
loff 
- 
2.6 
1000 - 
2.6 
1000 
nA 
VKA ~ 36 V, Vre! ~ 0 V 


Dynamic 
Impedance 
(Figure 1, Note 3) 
Ilkal 
- 
0.22 
0.5 
- 
0.22 
0.5 
n 


VKA = Vrel, 61K = 1.0 mA to 100 mA 
I" 
1.0 kHz 


Note 1: 


Tlow 
"'" - 55°C 
for Tl431MJG 


-40·C for Tl431AIP,Tl431AllP, Tl4311P,Tl4311lP, Tl4311JG 
O'Cfo, Tl431ACP,Tl431AClP, Tl431CP, Tl431ClP, Tl431CJG, 
Tl431CD, Tl431ACD 


Thigh 
= 
t 125°C 
for Tl431 
MJG 


+ 85'C for Tl431AIP,Tl431AllP, Tl4311P,Tl4311lP, Tl4311JG 
+ 70'C fer Tl431ACP,Tl431AClP, Tl431CP.Tl431ClP, Tl431CJG, 
Tl431CD, Tl431ACD 


Note 2: 


The 
deviation 
parameter 
6Vref 
is defined 
as the 
differences 
between 


the 
maximum 
and 
minimum 
values 
obtained 
over 
the 
full 
operating 


ambient 
temperature 
range 
that 
applies. 


VrefMaxh---- 
I 
,6Vref=VrefMax 
-VrefMln 


VrelMin 
: 
6TA=T2-Tl 


Tl 
T2 
AM81ENTTEMPERATURE 


Note 4: 


This 
test 
is not 
applicable 
to surface 
mount 
(0 
suffix) 
devices. 


FIGURE 1 - 
TEST CIRCUIT FOR VKA = Vref 


,nputffVKA 
~IK 


Vref 
l- 
~ 


( 
6V,e! 
\x 106 
Vref@ 25°C) 


6TA 


FIGURE 2 - 
TEST CIRCUIT FOR VKA > Vref 


Input I;[VKA 
Rl 
~ IK 


Iref- 
R2 


V 
-:- 
VKA::Vref(l~~)+lref.Rl 
,ef 
R2 


.6'vref x 106 


6 TA (V,el @ 25°C) 


aVref 
can be poslllve 
or negative 
depending 
on whether 
Vref 


Mln or Vref Maxoccurs 
at the lower ambient 
temperature. 
(Refer to 


Figure 6) 


Example: 
..Q. Vref:: 8.0 mV and slope is positive, 
Vref @ 25°C:: 


2.495 V, 6 TA= 70°C 


0.008 
x 106 


aV,el = 70 (2.495) 
- 45.8 ppm/oC 


Note 3: 


The dynamic impedance Zka is defined as: IZkal:: 
~VKA 


61K 


When 
the device is programmed 
with two external 
resistors, 
R1 
and R2, (refer to Figure 2) the total dynamic 
impedance 
of the 


circuit is defined as· 


Input~VKA~,., 


IJI 


VKA = Vref 
TA = 25°C 
~·Ef'" 


11K 


/" 


// 
o 
10 


VKA. CATHODE VOLTAGE !VI 


2600lnpu,wv 
_ 
2580 
11K 
KA_ 


> 
VKA - Vref 


~ 
2560 
Vr.! 
IK = 10 mA 


~ 
2540 
! 
~ 
~ 
2520 


~ 
250 


'-' 
248I 


2460 


"'" 


2440 
:! 
2420 


2400 


-55 
-25 
0 
25 
50 
75 


TA. AMBIENT TEMPERATURE 1°C) 


FIGURE 
B - 
CHANGE 
IN REFERENCE 
INPUT 
VOLTAGE 
versus CATHODE 
VOLTAGE 
\. 
IK = 10 mA ' 
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TA=25°C 
~.~, 
.. 
~ 
Rl 
11K 


....•.•.• 


"- 


R2 
Vref 
~ 
~ 


~ 


<.0 
'"~ 
~ 
-8.0 
•...~ 
i!!~ 
'-'r 


16 


= -24 
<.0 
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~ 
-320 
<J 
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20 


VKA. CATHODE VOLTAGE (V) 


VKA = Vret 
TA=25°C 
""Ef'" 


Imm, 


11K 


/ 
/ 
/ 
./' 


./ 


II 


10 
20 


VKA. CATHODE VOLTAGE IV) 


~ 
25 
•...z 


~ 
20 
•..." 
~ 
15 
IK = 10 mA 


Inpu'GVKA 


10k~IK 


-)5 
0 
15 
50 
75 


TA. AMBIENT TEMPERATURE (0C) 


FIGURE 
9 - 
OFF-STATE 
CATHODE 
CURRENT 
versus AMBIENT 
TEMPERATURE 
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1100 
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VKA = 36 V 
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TA. AMBIENT TEMPERATURE (OC) 


TA = 25°C 


61K = 1.0 mA to 100 mA 
g 
1.0k 


li1 tt]:IK 
Output 
~ 
10 
'" 
50 


~ 
+ 
God 
u 
:E 
""z 
~ 
1.0 


10K 
lOOK 


f. FREQUENCY (MHz} 


IK= 
IOmA"';~=25°C 
" 
•.... 
Output 


"- 
~tH 


~IK 
+ 


230 


- 
I 


8.25 
- 
k 
- 


{- 
Gnd 


- 
'\ 
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- 
"- 


~ 
50 
z 
~ 
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'" 
""5 
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FIGURE" 
- 
DYNAMIC 
IMPEDANCE 
versus AMBIENT 
TEMPERATURE 
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VKA = V,el 
VKA = 5.0 V @ IF 
10 mA 


VKA= 
10V@IK=IOmA 


VKA = 15 V @ IK = 10 mA 


TA ~ 
25°C 


II 


II 


10 k I 
-.L 
/f' CL 
I 


R1 
I 
--L 
/f' 


R2 I 
I 


Vout 
= (~+~) Vref 
R2 


Vout 
= 0 + :~ 
)Vref 


Vout 
= 
(1 
+ :: 
) 
Vref 


Vout Min 
= Vref + 5.0 V 


Vout 
= 
(1 
+ :~ 
) 
Vref 


Vout Min;; Vref + Vbe 


Vref 


lout =-- 
RCL 


Vout(tnp) 
= 
(, 
+ ~ 
)Vref 
R2 


(. 
Rl) 


Lower Limit = 
, + 'R2 
Vref 


Upper Limit 
= (, 
+~)Vref 


R4 


FIGURE 28 - 
LINEAR 
OHMMETER 


25 V 


10 kll 
-V- 
1.0 kll 


V 


5.0 k 
50 
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5.0M 
1% 
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k 
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1% 
1% 


100 kll 
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Isink 
= Vref 
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Vin 
Vout 


<Vref 
V+ 


>Vref 
= 2.0V 


FIGURE 29 - 
SIMPLE 400 
mW PHONO AMPLIFIER 


38 V 


·Thermalloy 


THM 
6024 
Heatslnk on LP 
Package 


FIGURE 30 - 
HIGH EFFICIENCY 
STEp· DOWN 
SWITCHING 
CONVERTER 
150 iLH @2.0A 


100 k 


470 


iLF 


TEST 
CONDITIONS 
RESULTS 


Line Regulation 
Vin. 
10 V to 20 V. 10• 1.0 A 
53 mV 
(1.1%1 


Load Regulation 
Vin· 
15 V. 10• OA to 1.0 A 
25 mV 
105%) 


Output 
Ripple 
Vin· 
10 V. 10• 1.0 A 
50 mVp.p PAR.D. 


Output 
Ripple 
vin· 
20 V. 10• 1.0 A 
100 mVp.p PAR.D. 


Efficiency 
Vin· 
15 V. 10• 1.0 A 
82% 


Vout• 
5.0 V 


lout. 
1.0 A 


Motorola's 
line of digital-to-analog 
and 
analog-to- 
digital 
converters 
include 
several 
well 
established 
industry standards, 
and many are available 
in various 
linearity grades so as to suit most any application. 
The AlD converters 
have 7 and 8-bit flash converters 
suitable 
for NTSC and PAL systems, 
a 1.8 
!J-S SAR 
converter, 
CMOS 
8 to 1a-bit converters, 
as well as 
other high-speed 
digitizing 
applications. 
The DIA converters 
have 6 and 8-bit devices, video 
speed 
(for NTSC and PAL) devices, 
and triple video 
DAC with 
on-board 
color 
pallene 
for color graphics 
applications. 


Selector 
Guide 
A-D Converters. 
. . . . . . . . . . . . . . . . .. 
6-2 
D-A Converters. 
. . . . . . . . . . . . . . . . .. 
6-3 
A-D/D-A 
Converters. 
. . . . . . . . . . . . .. 
6-3 


Alphanumeric 
Listing 
6-4 


Related Application 
Notes. 
. . . . . . . . .. 
6-4 


Data Sheets 
6-5 


II 


The line of data conversion 
products which 
Motorola 
offers spans a wide spectrum 
of speed and resolutionl 


accuracy. 
Features, including 
bus compatibility, 
mini- 


mize external 
parts count and provide easy interface to 
microprocessor 
systems. Various technologies, 
such as 
Bipolar 
and CMOS, are utilized 
to achieve functional 
capability, 
accuracy and production 
repeatability. 
Bipo- 


lar technology 
generally 
results in higher speed, while 
CMOS 
devices 
offer 
greatly 
reduced 
power 
consumption. 


A-D Converters 
CMOS. 
.6-2 


Bipolar. 
. 
. ... 
6-2 
D-A Converters 
CMOS . . . . . . . . . . . . . . . . . . . . . . . 
. 6-3 
Bipolar. 
. . . . 
. 6-3 
A·D/D·A Converters 
CMOS - 
For Telecommunications. 
. . . . . . 
.6·3 


Input 


Resolution 
Nonlinearity 
Conversion 
Voltage 
Supplies 
Temperature 


(Bits) 
Device 
(Max) 
Time 
Range 
(V) 
Range 
Package 
Comments 


8 
MC145040 
'" 1/2 LSB 
10/Ls 
o to VDD 
+5.0 ±10% 
- 40°C to + 85°C 
P1738 
Requires 
External 
FN1775 
Clock 


MC145041 
20/Ls 
Includes 
Internal 


I 
Clock 


MC14442 
32/Ls 
- 40°C to 
+ 85°C 
PI710 
/LP Compatible 


FN1776 
11-Channel 
MUX 
S.A.R. 


MC14549B 
successive 
approximation 
+3.0 
to 
+ 18 
- 55°C to 
+ 125°C 
U620 
Compatible 
with 
MC14559B 
registers 
- 40°C to 
+ 85°C 
P/648 
MC1408 
S.A.R. 


8-bit 
D-A Converter 


8-10 
MC14443/47 
±O.5% 
300/Ls 
Variable 
+5.0 
to 
+18 
- 40°C to 
+ 85°C 
P/648 
/LP Compatible, 


Full 
Scale 
w/Supply 
DW1751G 
Single 
Slope, 
6-Channel 
MUX 


3-1/2 
Digit 
MC14433 
±O.O5% 
40 ms 
"'2.0 
V 
+5.0, 
+8.0 
P1709 
Dual 
Slope 


± 1 Count 
"'200 
mV 


7 
MC10321 
'" 1/2 LSB 
40 ns 
o to 2.0 Vp_p 
+5.0 
V and 
O°C to 
+ 70°C 
P1738 
Video 
Speed, 


Max 
-3.0 
V to 
DWI751D 
Grey 
Code 


-6.0 
V 


8 
MC10319 
"'1 
LSB 
U623 
Video 
Speed 
Flash 
P1709 
Converter, 
Internal 
DW1751F 
Grey 
Code 
Die Form 


MC6108 
"'1/2 
LSB 
1.8/Ls 
"'5.0 
V 
+5.0, 
-5.2 
P1710 
/LP Compatible. 
o to 5.0 V 
Three-State 
o to 10 V 
Outputs, 
includes 
Reference 


D-A Converters 
CMOS 


Max 
Accuracy 
Settling 
Resolution 
@25"C 
Time 
Supplies 
Temperature 
(Bits) 
Device 
Suffix 
(Max) 
(±1/2 
LSB) 
(V) 
Range 
Package 
Comments 


6 
MC144110 
P 
- 
- 
+5.0 
to 
+ 15 
O'C to 
+85'C 
707 
Serial 
input, 
Hex DAC, 
6 outputs 


MC144111 
P 
646 
Serial 
input, 
Quad 
DAC, 


DW 
751G 
4 outputs 


8 
DAC-08 
Q 
±1/2 
LSB 
150 ns 
±4.5 to 
± 18 
- 55'C to 
+ 125'C 
620 
High-Speed 
Multiplying 


AQ 
± 1/4 LSB 
135 ns 


C 
±1 
LSB 
150 ns 
O'C to 
+ 70'C 
620 


E 
± 1/2 LSB 
648 
Dn51B 
H 
±1/4 
LSB 
135 ns 


MC1408 
L6IP6 
±2 
LSB 
300 ns Typ 
+5.0, 
O'C to 
+75'C 
620 
Multi plyi ng 


L7/P7 
±1 
LSB 
-5.0 
to 
-15 
648 


L81P8 
± 1/2 LSB 


MC1508 
L8 
- 55'C to 
+ 125'C 
620 


MC10318 
CL6 
±2 
LSB 
10 ns Typ 
-5.2 
O'C to 
+70'C 
620 
ECL input 
Logic 
Levels 


CL7 
±1 
LSB 
Video 
Applications 


L 
± 1/2 LSB 
690 


L9 
±114 LSB 


4x3 
MC10320 
L 
3 ns 
+ 5.0, or 
± 5.0 
733 
125 MHz Color 
Graphics 
Triple 
DAC 


MC10320-1 
90 MHz Color 


A-D/D-A Converters 
CMOS - 
For Telecommunications 


Input 


Resolution 
Monotonicity 
Conversion 
Voltage 
Supplies 
Temperature 
(Bits) 
Device 
(Bits) 
Time 
Range 
(V) 
Range 
Package 
Comments 


13 
MC145402 
13 
31.251'5 
±3.28 
V 
±5.0 
to 6.0 
- 40'C to 
+ 85'C 
U620 
Digital 
signal 
pro- 
peak 
cessing 
(e.g., echo 
cancelling, 
high- 
speed 
modems, 
phone 
systems 
with 
conferencing) 


Device 
MC61 08 
MC10319 
MC10321 


Device 
DAC-08 
MC1408 
MC1508 
MC10318L, L9, 
CL6,CL7 
MC10320, 20-1 


Application 
Note 
EB-51 
AN963 


Function 
Page 
8-Bit MPU Bus-Compatible High Speed A-to-D Converter 
6-27 
High Speed 8-Bit D-to-A Flash Converter 
6-62 
High Speed 7-Bit A-to-D Flash Converter 
6-80 


Function 
Page 
High Speed 8-Bit Multiplying 
D-to-A Converter 
6-5 
8-Bit Multiplying 
D-to-A Converter 
6-15 
8-Bit Multiplying D-to-A Converter 
6-15 


High Speed 8-Bit D-to-A Converters 
6-45 
Triple 4-Bit Color Palette Video DAC 
See Chapter 9 


Related 
Title 
Device 
Successive Approximation 
BCDA-to-D Converter 
MC1408, MC1508 
Interfacing the MC6108 A-to-D to a Microprocessor- 
It's Easier Than You Think! 
MC6108 


® MOTOROLA 


Specifications 
and Applications 
Information 


HIGH SPEED 8-BIT MULTIPLYING 
D-TO-A CONVERTER 
The OAC-08 
series 
is a monolithic 
8-bit 
high 
speed 
multiplying 
digital-to- 
analog 
converter, 
capable 
of 
settling 
to 
within 
1/2 LSB (0.19%1 in 85 ns. 


Monotonic 
multiplying 
performance 
is retained 
over a wide 40-to-' 
reference 
current 
range. 
Full scale 
and 
reference 
currents 
are matched 
to within 
1 LSB, 


therefore 
eliminating 
the need for full 
scale trim 
in most 
applications. 


Dual complementry 
current 
outputs 
with 
high voltage 
compliance 
provide 
added 
versatility 
and allow 
differential 
mode 
of operation 
to effectively 
dou- 


ble the peak-ta-peak 
output 
swing. 
In many 
applications, 
output 
current-to- 
voltage 
conversion 
can be accomplished 
without 
requiring 
an external 
op 
amp. 
Noise-immune 
inputs 
permit 
direct 
interface 
with 
Tll 
and DTL levels 
when 
the 
logic 
threshold 
control, 
VLC, (Pin 1) is grounded. 
All 
other 
logic 
family 
thresholds 
are attainable 
by adjusting 
the voltage 
level 
of Pin 1. Per- 
formance 
characteristics 
are virtually 
unchanged 
over the entire 
±4.5 
V to 


± 18 V power 
supply 
range. 
Power 
consumption 
is typically 
33 mW 
with 


± 5.0 V supplies. 
The OAC-OB is available 
in several 
versions, 
with 
nonlinearity 
as tight 
as 


.:t: 0.1% (± 1/4 LSB) over temperature, 
All versions 
are guaranteed 
monotonic 
over 8 bits. For an extra 
margin 
of performance, 
Motorola 
utilizes 
thin-film 
resistors 
permitting 
very accurate 
resistive 
values which 
are extremely 
stable 
over temperature. 
High 
performance 
characteristics 
along 
with 
low 
cost, 
make the 
DAC~08 
an excellent 
selection 
for applications 
such as CRT displays, 
waveform 
gen- 
eration, 
high 
speed modems, 
and high 
speed analog-ta-digital 
converters. 


• 
Fast Settling 
Time - 
85 ns 


• 
Full Scale Current 
Prematched 
to 
± 1 LSB 


• 
Nonlinearity 
Over Temperature 
to ±O.l% 
Max 


• 
Differential 
Current 
Outputs 


• 
High Voltage 
Compliance 
Outputs 
- 10 V to + 18 V 


• 
Wide 
Range 
Multiplying 
Capability 


• 
Inputs 
Compatable 
With 
TTL, OTL, CMOS, 
PMOS, 
ECL, HTL 


• 
Low 
Full Scale Current 
Orift 


• 
Wide 
Power 
Supply 
Range 
±4.5 
V to 
± 18 V 


• 
Low Power 
Consumption 


• 
Thin-Film 
Resistors 


• 
Low Cost 


EQUIVALENT 
CIRCUIT 


(MSBI 
(LSB) 


VLC 
81 
B2 
83 
84 
B5 
B6 
B7 
88 


1 


14 
VREF(+) 


VREF(-) 
15 


HIGH SPEED 
8-BIT 
MULTIPLYING 
D-TO-A 
CONVERTER 


Q SUFFIX 
CERAMIC 
PACKAGE 
CASE 620-10 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 648-06 


Threshold Control 
IVLC) 
, 


lout 
1 
15 
VREF(-) 


1~ 
VREF(+) 


VREF(+) 
1 


VREFI-) 
, 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 751B-03 
SO-16 


Temper.ture 
Device 
Nonlinearity 
Renge 
Package 


DAC-OSAQ 
~0.1% 
-55°C to 
Ceramic 


DAC-OBQ 
~0.1golo 
+ 125°C 
Ceramic 


DAC-OBHQ 
+0.1% 
Ceramic 


DAC-OSEQ 
+0.19% 
Ceramic 


DAC-OSCQ 
+0.39% 
Ceramic 


DAC-OSCD 
+0.39% 
5D-16 
O"Cto 
+70"C 
DAC-OBED 
"'0.19% 
50-16 


DAC-OSHP 
±0.1% 
Plastic 


DAC-OSEP 
+0.19% 
Plastic 


DAC-oaCP 
+0.39% 
Plastic 


II 


Rating 
Symbol 
Value 
Unit 


V+ Supply to V-Supply 
- 
36 
V 


Logic Inputs 
- 
V- to V- Plus 36 
V 


Logic Threshold 
Control 
VLC 
V- 
to V+ 
V 


Analog 
Current 
Outputs 
lout 
See Figure 7 
mA 


Reference 
Inputs IVl 4. Vl 5) 
VREF 
v- to V+ 
V 


Reference 
Input Differential 
Voltage 
(V14 to V15) 
VREF(OI 
±18 
V 


Reference 
Input Current 
(114) 
IREF 
5.0 
mA 


Operating 
Temperature 
Range 
TA 
°C 


OAC-08AO, a 
-55 to +125 


DAC-08HO, 
EO, CO, HP, EP, CP, ED, CD 
o to +70 


Storage 
Temperature 
TA 
-65 to +150 
°C 


Power 
Dissipation 
Po 
500 
mW 


Derate 
above 
100°C 
ROJA 
10 
mW/oC 


DAC-08A 
DAC-08 
Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Resolution 
- 
8 
8 
8 
8 
8 
8 
Bits 


MonotontClty 
- 
8 
8 
8 
8 
8 
8 
Bits 


NonlInearity. 
TA = ace to + 700e 
NL 
- 
- 
:+:0.1 
- 
- 
:':0.19 
%FS 


Settling 
Time 
to ± 1/2 LSB, Figure 24 
IS 
- 
85 
- 
- 
85 
- 
ns 
(All Bits Switched 
On or Off, TA ~ 25°C)(Note 
1) 


Propagation 
Delay, TA - 
25°C (Note 
11 
ns 


Each Bit 
IpLH 
- 
35 
- 
- 
35 
- 


All Bits Switched 
IPHL 
- 
35 
- 
- 
35 
- 


Full Scale Tempeo 
TCIFS 
- 
:':10 
- 
- 
:':10 
- 
ppm/oC 


Output 
Voltage 
Compltance 
VOC 
-10 
- 
+18 
-10 
- 
+18 
V 


Full Scale Current 
Change < 1/2 
LSB. 


Rout> 
20 megohm 
typ 


Full Range Current 
IFR4 
1984 
1 992 
2000 
194 
1.99 
204 
mA 
(VREF = 10.000 V; R14. R15 = 5.000 kll. TA = 25°C) 


Full Range Symmetry 
(IFR4 - IFR21 
IFRS 
- 
:':05 
:':4.0 
- 
:':1.0 
:':80 
pA-- 


Zero Scale Current 
IZS 
- 
0.1 
10 
- 
0.2 
20 
pA 


Output 
Current 
Range 
mA 
V- = -5.0 V 
IORl 
0 
- 
2.1 
0 
- 
2.1 


V-=-8.0Vto-18V 
IOR2 
0 
- 
4.2 
0 
- 
4.2 


LogiC Input I.evels (VLC = 0 VI 
V 


Logic "0" 
VIL 
~ 
- 
08 
- 
- 
0.8 


LogiC "1" 
VIH 
2.0 
- 
- 
2.0 
- 
- 


Logic Input Current 
(VLC = 0 Vj 
pA 


LogIC Input "0" 
{Vm = -'0 
V to +-0.8 VI 
IlL 
- 
-2.0 
I 
-10 
- 
-2.0 
-10 


LogiC Input "'" 
(Vin = +-20 V to +-18 VI 
IIH 
- 
0.002 
10 
- 
0.002 
10 


Logic Input Swing, 
V- = -15 
V 
VIS 
-10 
- 
+18 
-10 
- 
+18 
V 


Logic Threshold 
Range, Vs = ±15 
V 
VTHR 
-10 
- 
+135 
-10 
- 
'13.5 
V 


Reference 
Bias Current 
115 
- 
-1.0 
-3.0 
- 
-1.0 
-3.0 
pA 


Reference 
Input 
Slew 
Rate Figure 
19 (Note 
1) 
di/dt 
- 
8.0 
- 
- 
8.0 
- 
mA/lJ.s 


Power 
Supply Sensitivity 
(IREF = 1.0 mA) 
%/% 


V+ = 4.5 V to 18 V 
PSSIFS+ 
- 
:':0.0003 
:':0.01 
- 
:':0.0003 
:':0.01 


V- = -4.5 V to -18 V 
PSSIFS_ 
- 
±0.002 
:':0.01 
- 
:':0.002 
:':0.01 


Power 
Supply Current 
mA 
Vs = :':5.0 V. IREF = 1.0 mA 
1+ 
- 
2.3 
3.8 
- 
2.3 
3.8 


1- 
- 
-4.3 
-5.8 
- 
-4.3 
-58 
Vs = +5.0 V. -15 
V. IREF = 2.0 mA 
1+ 
~ 
2.4 
3.8 
- 
2.4 
3.8 


1- 
- 
-6.4 
-7.8 
- 
-6.4 
-7.8 
Vs = :':15 V. IREF = 2.0 mA 
1+ 
- 
2.5 
3.8 
- 
2.5 
38 
1- 
- 
-6.5 
-7.8 
- 
-6.5 
-7.8 


Power 
Dissipation 
Po 
mW 
Vs = :':5.0 V. IREF = 1.0 mA 
- 
33 
48 
- 
33 
48 


Vs = +5.0 V. -15 V.IREF = 2.0 mA 
- 
103 
136 
- 
108 
136 


Vs = :':15 V. IREF = 2.0 mA 
- 
135 
174 
- 
135 
174 


DAC-OSH 
DAC-oSE 
DAC-OBC 


Characteristic 
Symboi 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Resolution 
- 
8 
8 
8 
8 
8 
8 
8 
8 
8 
Bits 


Monotonicity 
- 
8 
8 
8 
8 
8 
8 
8 
8 
8 
Bits 


Nonlinearity, 
TA = O'C to 
+ 70'C 
NL 
- 
- 
±0.1 
- 
- 
±0.19 
- 
- 
±0.39 
%FS 


Settling 
Time 
to 
± 1/2 LSB 
ts 
- 
85 
- 
- 
85 
- 
- 
85 
- 
ns 
(All Bits Switched 
On or Off, 


(TA ~ 25'C) 
Figure 
24 (Note 
1) 


Propagation 
Delay, TA = 25'C (Note 
1) 
ns 
Each Bit 
tpLH 
- 
35 
- 
- 
35 
- 
- 
35 
- 
All Bits Switched 
tPHL 
- 
35 
- 
- 
35 
- 
- 
35 
- 


Full Scale Tempco 
TCIFS 
- 
~10 
- 
- 
:tl0 
- 
- 
±10 
- 
ppmf'C 


Output 
Voltage 
Compliance 
VOC 
-10 
- 
+18 
-10 
- 
+18 
-10 
- 
+18 
V 
Full Scale Current 
Change 


< 1/2 LSB, 
Rout> 
20 megohm 
typo 


Full Range 
Current 
IFR4 
1.984 
1.992 
2.000 
1.94 
1.99 
2.04 
1.94 
1.99 
2.04 
mA 
(VREF = 
10.000 V; 


R14, R15 ~ 5.000 kO) 
TA = 25'C 


Full Range 
Symmetry 
lIFR4 - IFR21 
IFRS 
- 
±0.5 
±4.0 
- 
±1.0 
±8.0 
- 
±2.0 
±16.0 
p.A 


Zero 
Scale Current 
IZS 
- 
0.1 
1.0 
- 
0.2 
2.0 
- 
0.2 
4.0 
p.A 


Output 
Current 
Range 
mA 
V- 
= 
-5.0 
V 
10Rl 
0 
- 
2.1 
0 
- 
2.1 
0 
- 
2.1 
V - 
~ 
- 8.0 V to 
- 18 V 
IOR2 
0 
- 
4.2 
0 
- 
4.2 
0 
- 
4.2 


Logic 
Input 
Levels 
(VLC 
~ 0 VI 
V 


Logic 
"0" 
VIL 
- 
- 
0.8 
- 
- 
0.8 
- 
- 
0.8 
Logic 
"1" 
VIH 
2.0 
- 
- 
2.0 
- 
- 
2.0 
- 
- 


Logic 
Input 
Current 
(VLC 
= 0 VI 
p.A 


Logic 
Input 
"0" 


(Vin 
~ 
-10Vto 
+0.8 
VI 
IlL 
- 
-2.0 
-10 
- 
-2.0 
-10 
- 
-2.0 
-10 
Lo~ic 
Input 
"1" 


(Vin 
= 
+2.0 
V to 
+ 18 VI 
IIH 
- 
0.002 
10 
- 
0.002 
10 
- 
0.002 
10 


Logic 
Input 
Swing, 
V - 
~ 
-15 
V 
VIS 
-10 
- 
+18 
-10 
- 
+18 
-10 
- 
+18 
V 


Logic 
Threshold 
Range, 
Vs 
= 
± 15 V 
VTHR 
-10 
- 
+13.5 
-10 
- 
+13.5 
-10 
- 
+13.5 
V 


Reference 
Bias Current 
115 
- 
-1.0 
-3.0 
- 
-1.0 
-3.0 
- 
-1.0 
-3.0 
p.A 


Reference 
Input 
Slew 
Rate 
dl/dt 
- 
8.0 
- 
- 
8.0 
- 
- 
8.~ 
- 
mAlJLS 
Figure 
19 (Note 
1) 


Power 
Supply 
Sensitivity 
%/% 


lIREF 
~ 
1.0 mAl 


V+=4.5Vto18V 
PSSIFS+ 
- 
±0.0003 
±0.01 
- 
±0.0003 
±0.01 
- 
±0.0003 
±0.01 


V- 
~ 
-4.5Vto 
-18V 
PSSIFS- 
- 
±0.002 
±0.01 
- 
±0.002 
±0.01 
- 
±0.002 
±0.01 


Power 
Supply 
Current 
1+ 
- 
2.3 
3.8 
- 
2.3 
3.8 
- 
2.3 
3.8 
mA 
Vs 
~ 
±5.0 
V, IREF ~ 
1.0 mA 
1- 
- 
-4.3 
-5.8 
- 
-4.3 
-25.8 
- 
-4.3 
-5.8 
1+ 
- 
2.4 
3.8 
- 
2.4 
3.8 
- 
2.4 
3.8 
Vs 
= 
+5.0 
V, -15 
V, IREF = 2.0 mA 
1- 
- 
-6.4 
-7.8 
- 
-6.4 
-7.8 
- 
-6.4 
-7.8 
1+ 
- 
2.5 
3.8 
- 
2.5 
3.8 
- 
2.5 
3.8 
Vs 
= 
± 15 V, IREF = 2.0 mA 
1- 
- 
-6.5 
-7.8 
- 
-6.5 
-7.8 
- 
-6.5 
-7.8 


Power 
Dissipation 
Po 
mW 
Vs 
~ 
±5.0 
V, IREF ~ 
1.0 mA 
- 
33 
48 
- 
33 
48 
- 
33 
48 
Vs 
= 
+5.0 
V, -15 
V, IREF = 2.0 mA 
- 
108 
136 
- 
108 
136 
- 
108 
136 
Vs 
= 
±15 
V, IREF = 2.0 mA 
- 
135 
174 
- 
135 
174 
- 
135 
174 


50 


<t 
40 
~ 
....i 


3.0 


13 
.... 
§ 


20 


~ 
10 


1 
I. 
A 
- 
TA = 1mln 
to Tmax 
All BIts "Do" 
/' 
\ 
V 
lImit 
tor 


V 


V- ~ -IS 
V 


/' 
/' 
".llmillor 


/' 
~-~-5.0V 


/' 
V 


f-- 
RIL 
RI~ 
~ \ k;t 


f-- 
RL';; 
500 II 


AII1Bits "?n' 
.•../ \ 


VRI5~OV 
I"-.. 


'\. 
\ 
2 


\.1 


\ 
\ 
\ 


~ 


~ 
-2.0 
5 -4.0 


~ 
-6.0 


~ 
-8.0 


-10 


-12 


-14 


0.1 
0.5 
1.0 
20 


f. FREOUENCY (MHzl 


Curve 
1 - 
Cc = 15 pF, Vin = 2.0 
V p-p Centered 
al +1.0 
V (large-Signal) 


Curve 
2 - 
Cc = 15 pF, Vin = 50 
mV pop Centered 
at +200 
mV ISmail-Signal) 


8.0 


<t3 6.0 
....z 
'"'"13.... 
4.0 
=>~~ 
u 
~ 
1.0 I 
I 
I 
o 


-12 
-B.O 
-4.0 
0 
4.0 
B.O 
12 


LOGIC INPUT VOLTAGE IVI 


~ 
300 


~ 


~ 
200i 
100 


32 


28 


<t 
24 
~ 
.... 
2.0i 
16 
13.... 


~ 


12 


OB 


04 


!-- AII1Bits "0) 


TA 1= Tmm to Tmax 


V-~-115V 
V- ~ -5.0 
V 
V+ = +15 V 


I 
I 


IREF ~ ~ 0 mA 


I 


I 
IREF ~ 1.0 mA 


~ 


I 
I 


tREF ~ 0 2 mA 


I 
I 


-10 
-6 0 
-2 0 
2 0 
6 0 
10 
14 


VIS. 
REFERENCE COMMON MOOE VOLTAGE IVI 


NOTE 
Positive 
Common 
Mode 
Range 
IS Always 
(V+l-1.5 
V 


I 


I 


I LSB - 61 nA 


"- 
I LSB ~ 7 8 "A 
I 1/1 I 


I 
I 
I 
I 
o 
0.005 
001 
002 
0.05 
0.1 
0.2 
0.5 
1.0 
2.0 


IFS. OUTPUT FULL SCALE CURRENT (mAl 


20 


I B 


1.6 


1.4 
~ 
1.2 
0=:. 
u 
1.0 
>' 
" 


O.B 
~ 


0.6 


0.4 


0.2 


-- -- 
r--- 


FIGURE 
7 - 
OUTPUT 
CURRENT 
versus 
OUTPUT 
VOLTAGE 
(Output 
Voltage 
Compliance) 


3.2 


2.8 


<; 
2.4 


~~ 2.0i 
1.6 
~ 
=> 
1.2 
~~ 
=> 
'" 
08 


0.4 


0 


-14 
-10 


1.4 


1 2 


<; 
1.0 
~~i 
0.8 


a~ 0.6 
=>~~ 
=> 
0.4 
'" 


0.2 


f--- 
'REF = 2.0 mA 


81 


82 


83 


V 
= 
15 V 
V 
v 
= -5.0 V 
84 


11"1 
I 
IN 
85 


NOTE: 
81-B8 
have 
identical 
transfer 
charactenstlCS. 
Bits are fully switched 


with 
less than 
1/2LSBerror,atless 
than 
±100 
mV from actual 


threshold 
These 
switching 
pOints 
are 
guaranteed 
to he between 


0.8 
V and 
2.0 
V 
over operating 
temperature 
range (VLC = 0 Vj. 


8.0 


1.0 
<;~ 
6.0 
~ 
z 
'" 
5.0 
'"a 
>- 
4.0 
~~ 
=> 
3.0 
'"'"3: 
2.0 
~ 


1.0 


Bits May Be I"High,,1 or "Low" 


1- with 'REF = 2.0 mA 


~- 


-_. 


1- with 'REf = 1.0 mA 


I 
I 
I 


1- with 'REF - 0.2 mA_ 


" 
1+ 


o 
o 
-2.0 
~.O 
-6.0 
-8.0 
-10 
-12 
-14 
-16 
-18 
-20 
V-. NEGATIVEPOWERSUPPLY (Vdc) 


20 


16 


12 


:E~ 
8.0 
.. 
~ 
4.0 
~ 
=>~~ 
=> 
'" 
-4.0 


-8.0 


-12 


Shaded Area Indicates Permissable 
Output Voltage 
Range for V- = -15 
V. 


'REf';;; 
2.0 mA 


For Other V- or 'REF. See Figure 7. 


FIGURE 
10 - 
POWER 
SUPPLY 
CURRENT 
versus V+ 


80 


I 
"H,glh" ., ·Lw" 
- 
All Bits 


1- 


1+ 


;< 
5. 60 
~i50 


>- 
40 
~~ 
in 
30 
'" 
~ 
20 


I 0 


8.0 


1.0 
;<~ 6.0 
~ 
~ 
50 
a 
~ 
4.0 


iil 
3.0 
'" 
~ 
2.0 


1.0 


All Bits "High" or "low" 


IREF= 2.0 mA 
V-=-15V 
1- 


V+=+15V 
1+ 


Low 1,C 


45k 
'10V 
14- 
IREF = 
DAC-08 
39 k 
20 
15 
mA 


10 k 
Pot 
=10V 


RL 


IFR= 
~ 
IREF 
256 


11cornplemenlly 
ouq)ul 
(Negallvc 
Logic 
DAC/ operation 
IS 


deSired. connect 
Inverting 
Input 
of ap amp 10iQ (Pin 2) and 


ground 10 (Pin 41 


VREF 
IREF_I+I 


+VREF 


255 
IFR= 
-- 
IREF 
256 


If complementry output (Negative Lo~ 
DAC)is desired, con- 


nect noninverting input of op amp to 10 (Pin 2) and ground 10 
(Pin 
4) 
01 "F1 V- 


Ia + iQ = IFR for 
- 
'VREF 
all logic 
states 
IFA = --- 
x 


RREF 


VREF:: 
+10.000 
V 


RREF = 5000 
k 


R15=RREF 


I 


--VREF I 
255 
IFA= 
--- 
x-- 
RREF 
256 


R15 


(OptIonal) 


RREF == R15 
"'VREF must be above peak poslllve sWing of Vin 


+VREF 


9 


Optional 
ResIstor 
~ 
for Offset 
Inputs 
~ RREF 
ov-S1- 
' 


Ron 


Rp -- 
Req == 
200 II 


EO 
5000k 
'REF 
14 
104 
- 
2000 
mA 
OAe-OB 
) 
E 
_ 
0 
5.000 k 


102 


-=- 


81 
82 
83 
84 
85 
86 
87 
88 
lomA 
lamA 
EO 
EO 


Full Range 
1 
1 
1 
1 
1 
1 
1 
1 
1.992 
0000 
-9.960 
-0.000 
Half Scale 
~LSB 
1 
0 
0 
0 
0 
0 
0 
1 
1008 
0984 
-5.040 
-4.920 
Hall 
Scale 
1 
0 
0 
0 
0 
0 
0 
0 
1.000 
0992 
-5.000 
-4.960 


Half Scale -lSB 
0 
1 
1 
1 
1 
1 
1 
1 
0.992 
1.000 
-4.960 
-5.000 
Zero 
Scale 
+ LSB 
0 
0 
0 
0 
0 
0 
0 
1 
0.008 
1984 
-0.040 
-9.920 
Zero 
Scale 
0 
0 
0 
a 
0 
0 
0 
0 
0.000 
1.992 
0.000 
-9.960 


EO 


IREF 
14 
104 
- 


) 
10000k 
2000 
mA 
DAe-os 
_ 
_ 
EO 


10 2 


/ 
10000k 


·10000V 


Bl 
B2 
B3 
B4 
B5 
B6 
B7 
BB 
EO 
EO 


Pas Full Range 
1 
1 
1 
1 
1 
1 
1 
1 
9920 
+10000 
Pas Full Range -lSB 
1 
1 
1 
1 
1 
, 
1 
0 
9840 
• 9 
920 


Zero 
Scale 
-LSa 
1 
0 
0 
0 
a 
0 
0 
1 
-0080 
·0 
160 


Zero 
Scale 
1 
0 
0 
0 
0 
0 
0 
0 
0000 
·0 
080 


Zero 
Scale 
-LSB 
0 
1 
, 
1 
1 
1 
1 
1 
'0080 
o 
000 


Neg 
Full 
Scale' 
LSB 
0 
0 
0 
0 
0 
0 
0 
1 
·9920 
9 
840 


Neg 
Full 
Scale 
0 
0 
0 
0 
0 
0 
0 
0 
-10000 
9 
920 


Bl 
82 
B3 
B4 
BS 
B6 
B7 
B8 
EO 


Pas Full 
Range 
1 
1 
1 
1 
1 
1 
1 
1 
-4960 


Zero 
Scalp 
1 
0 
0 
0 
0 
0 
0 
0 
0_000 


NI:!9 Full Scale' 
1 lSB 
0 
0 
0 
0 
0 
0 
0 
1 
-4960 


Neg 
Full Scale 
0 
0 
0 
0 
0 
0 
0 
0 
-5000 


R 


~ 


VLC 


lN4148 


1 
lN4148 


10 V CMOS 


VTH 
= 5.0 V 


10K ECl 
VTH 
~ -1.29 V 


For Turn 
On 
. VL = 27 
V 


For Turn 
Off 
VL; 
0 7 V 


MBD501 
Schottky 
Diodes'-..0... 


RREF 


+VREF 
14 
DAC08 
IDUT) 


15 


R15 


13 


-= 
o 01"F 


0.1 "F I 
'I 
0' 
"F 


...L 
-= 
+15V 
~'5V 


NOTE 
OscIlloscope 
bandwldlh 
for seuhng 
time 
measurement 


~ 50 MH" 


Waveforms ~L+~':V 


atVaut 
? r 
OV 


---1_ --0.4 V 


® MOTOROLA 
MC1408 
MC1508 


Specifications 
and Applications 
Information 


EIGHT-BIT 
MULTIPLYING 
DIGITAL-TO-ANALOG 
CONVERTER 


EIGHT-BIT 
MULTIPLYING 
DIGITAL-TO-ANALOG 
CONVERTER 


designed for use where the output current is a linear product 
of an eight·bit digital word and an analog input voltage. 


• 
Eight·Bit Accuracy Available in Both Temperature Ranges 
Relative Accuracy: ±0.19% Error maximum 
(MC1408L8. MC1408P8. MC1508L8) 


• 
Sevenand Six·Bit Accuracy Available with MC1408 Designated 
by 7 or 6 Suffix after PackageSuffix 


• 
Fast Settling Time - 
300 ns typical 


• 
Noninverting 
Digital Inputs are MTTL and 
CMOS Compatible 


• 
Output Voltage Swing - +0.4 V to -5.0 V 


• 
High·Speed Multiplying 
Input 
Slew Rate 4.0 mAIlls 


• 
Standard Supply Voltages: +5.0 V and 
-5.0 V to -15 V 
~- 
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L SUFFIX 
CERAMIC 
PACKAGE 
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620-10 
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• 
Tracking A·tOoD Converters 


• 
Successive Approximation 
A-to-D Converters 


• 
2 1/2 Digit Panel Meters and DVM's 


• 
Waveform 
Synthesis 


• 
Sample and Hold 


• 
Peak Detector 


• 
Programmable 
Gain and Attenuation 


• 
CRT Character Generation 


• 
Audio Digitizing and Decoding 


• 
Programmable Power Supplies 


• 
Analog.Digital 
Multiplication 


• 
Digital-Digital 
Multiplication 


• 
Analog-Digital 
Division 


• 
Digital Addition 
and Subtraction 


• 
Speech Compression and Expansion 


• 
Stepping Motor 
Drive 


II 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
+5.5 
Vdc 


VEE 
-16.5 


Digital Input Voltage 
V5 thru V12 
o to +5.5 
Vdc 


Applied 
Output 
Voltage 
Va 
+0.5, 5.2 
Vdc 


Reference Current 
114 
5.0 
mA 


Reference Amplifier 
Inputs 
V14,V15 
VCC,VEE 
Vdc 


Operating Temperature 
Range 
TA 
°c 
MC1508 
-55 to +125 
MC1408 
Series 
o to +75 


Storage Temperature 
Range 
Tstg 
-65to+150 
°c 


Vref 
ELECTRICAL 
CHARACTERISTICS 
IVCC' 
+5.0 Vdc, VEE' 
-15 Vdc, R14 • 2.0 mA, MC1508L8, 
TA' 
-55°C 
to +1250C. 


MC1408L 
Series: TA"" 0 to +750C 
unless otherwise noted. 
All digital inputs at h'lgh logic level.) 


Characteristic 
Figure 
Symbol 
Min 
Typ 
Max 
Unit 


Relative Accuracy 
(Error relative to full scale 10) 
4 
Er 
% 


MC1508L8, 
MC1408L8, 
MC1408P8 
- 
- 
±0.19 


MC1408P7, MC1408L7, 
SeeNote 1 
- 
- 
±0.39 
MC1408P6, MC1408L6, 
See Note 1 
- 
- 
±0.78 


Settling Time to within .t1/2 LSB {includes tPLH](T 
A=t250C)See 
Note 2 
5 
ts 
- 
300 
- 
ns 


Propagation 
Delay Time 
5 
tPLH,tpHL 
- 
30 
100 
ns 
TA' 
+250C 


Output 
Full Scale Current 
Drift 
TC10 
- 
- 20 
- 
PPM/oC 


Digital Input 
Logic Levels (MSB) 
3 
Vdc 
High Level, Logic "1" 
VIH 
2.0 
- 
- 


Low Level, Logic "0" 
VIL 
- 
- 
0.8 


Digital Input Current 
(MSB) 
3 
mA 
High Level, VIH • 5.0 V 
IIH 
- 
0 
0.04 
Low Level, VIL 
"'"0.8 V 
IlL 
- 
-0.4 
-0.8 


Reference 
Input Bias Current 
(Pin 151 
3 
115 
- 
-1.0 
-5.0 
"A 


Output 
Current 
Range 
3 
lOR 
mA 
VEE' 
-5.0 V 
0 
2.0 
2.1 


VEE • -15 V, TA • 25°C 
0 
2.0 
4.2 


Output 
Current 
3 
10 
mA 


Vref· 
2.000 V, R14' 
1000 n 
1.9 
1.99 
2.1 


Output 
Current 
3 
'O(minl 
- 
0 
4.0 
"A 
(All bits lowl 


Output 
Voltage Compliance 
(Er sO.19% 
at T A - +250C) 
3 
Va 
Vdc 
Pin 1 grounded 
- 
- 
-0.55, +0.4 
Pin 1 open, VEE 
below-10V 
- 
- 
-5.0, +0.4 


Reference Current Slew Rate 
6 
SR Iref 
- 
4.0 
- 
mA/lJ.s 


Output 
Current 
Power Supply Sensitivity 
PSRRI-I 
- 
0.5 
2.7 
"AN 


Power Supply Current 
3 
ICC 
- 
+13.5 
+22 
mA 


(All bits low) 
lEE 
- 
-7.5 
-13 


Power Supply Voltage 
Range 
3 
VCCR 
+4.5 
+5.0 
+5.5 
Vdc 
IT A • +250CI 
VEER 
-4.5 
-15 
-16.5 


Power Dissipation 
3 
Po 
mW 
All bits 
low 


VEE • -5.0 Vdc 
- 
105 
170 


VEE' 
-15 Vdc 
- 
190 
305 


All bits high 
VEE • -5.0 Vdc 
- 
90 
- 


VEE' 
-15 Vdc 
- 
160 
- 


Typical V.lu.s· 
R14"' R15" 
1 It 


Vref" 
+2.0 
V 


C •. 15 
pF 
V I and 
II apply 
to 
inputs 
A 1 
thru 
AS 


The 
resistor 
tied 
to 
pin 
15 is to 
temperature 
compensate 
the 
bias 
current 
and 
may 
not 
be 
necessary 
for 
all applications. 


10 = K { 
~ 
+ 
~ 
+ 
~ 
+ 
A4 
2 
4 
S 
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where 
K =::: V ref 
R,4 
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14 
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• 
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FIGURE 9 - MC1408. MC1508 SERIES EaUIVALENT 
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CONTROL 


The MC1408 consists of a reference current amplifier. 
an 
R·2R ladder, and eight high-speed current switches. 
For many 


applications. only a reference resistor and reference voltage need 
be added. 
The switches are noninverting 
in operation. 
therefore a high 


state on the input turns on the specified output current component. 
The switch 
uses current 
steering 
for high speed. and a termination 
amplifier 
consisting of an active load gain stage with unitY gain 


f.dback. 
The termination 
amplifier 
hoh:ts the parasitic 
capacitance 
of the ladder 
at a constant 
voltage 
during 
switchiag. 
and provides 


a low 
impedance termination 
of 
equal voltage for 
all legs of 
the ladder. 


The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the switches. Note 
that there is always a remainder current which is equal to the 
least significant bit. 
This current is shunted to ground, and the 
maximum output current is 255/256 of the reference amplifier 
current, or 1.992 mA for a 2.0 mA reference amplifier current 
if the NPN current sourcepair is perfectly matched. 


II 


Reterence Amplifier 
Drive and Compensation 


The reference amplifier 
provides a voltage at pin 14 for con- 


verting 
the reference 
voltage 
to a current, 
and a turn-around 
circuit 


or current mirror for feeding the ladder. 
The reference amplifier 
input current, 
114, must always flow into pin 14 regardlessof the 
setup method or reference voltage polarity. 
Connections for a positive reference voltage are shown in Figure 
7. 
The reference voltage source supplies the full current 114. For 
bipolar 
reference signals, as in the multiplying 
mode. R 15 can be 
tied to a negative voltage corresponding to the minimum 
input 
level. 
It is possible to eliminate R15 with only a small sacrifice 
in accuracy and temperature drift. 
Another method for bipolar 
inputs is shown in Figure 25. 


The compensation capacitor value must be increased with in- 


creases in R14 to maintain proper phase margin; for R14 values 
of 
1.0, 2.5 and 5.0 kilohms. 
minimum capacitor values are 15, 


37, and 75 pF. The capacitor should be tied to VEE as this in- 
creasesnegative supply rejection. 
A negative reference voltage may be used if R14 is grounded 
and the reference voltage is applied to R15 as shown in Figure 8. 
A high input 
impedance is the main advantage of this method. 
Compensation involves a capacitor to VEE on pin 16, using the 
values of the previous paragraph. 
The negative reference voltage 
must be at least 3.0-volts above the VEE supply. 
Bipolar input 
signals may be handled by connecting R14 to a positive reference 
voltage equal to the peak positive input level at pin 15. 


When a de reference voltage is used, capacitive bypass to ground 
is recommended. 
The 5.0·V logic supply is not recommended as 
a reference voltage. 
If a well regulated 5.o-v supply which drives 
logic is to be used as the reference. R14 should be decoupled by 
connecting 
it to +5.0 V through another resistor and bypassing 
the junction 
of 
the two 
resistors with 
0.1 pF to ground. 
For 
reference voltages greater than 5.0 V, a clamp diode is recommen- 
ded between pin 14 and ground. 


If pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods apply 
and the amplifier 
must be heavily compensated, decreasing the 
overall bandwidth. 


Output Voltage Range 


VOI~h:t v~~~a~, 
0~u~i~04t~er~~~r:~~~ds~~t:h~~~g~;tfh~~5~~~I:~~~ 
in the MC1408. When a current switch is turned "off", 
the posi- 


tive voltage on the output 
terminal 
can turn "on" 
the output 
diode and increasethe output current level. When a current switch 
is turned 
"on", 
the negative output 
voltage range is restricted. 
The base of the termination 
circuit 
Darlington transistor is one 
diode voltage below ground when pin 1 is grounded, so a negative 
voltage below the specified safe level will 
drive the low current 


device of 
the Darlington 
into saturation, decreasing the output 
current level. 


The negative output 
voltage compliance of the MCl408 
may 
be extended to -5.0 V volts by opening the circuit at pin 1. The 
negative supply voltage must be more negative than -10 
volts. 


Using a full 
scale current of 
1.992 mA and load resistor of 2.5 
kilohms 
between pin 4 and ground will 
yield a voltage output 
of 256 levels between 0 and -4.980 
volts. 
Floating 
pin 1 does 
not affect the converter speedor power dissipation. 
However, the 
value of the load resistor determines the switching time due to 
increased voltage swing. 
Values of RL up to 500 ohms do not sig- 


nificantly 
affect 
performance, 
but a 2.5-kilohm 
load increases 


"worst case" settling time to 1.2 liS (when all bits are switched onl. 


Refer to the 5ubsequent text section on Settling TIme for more 
details on output loading. 


If a power supply value between -5.0 V and -10 V is desired, 


a voltage of between 0 and -5.0 V may be applied to pin 1. The 
value of this voltage will be the maximum allowable negative out- 
put swing. 


Output Current Range 


The output 
current maximum 
rating of 4.2 mA may be used 
only 
for 
negative supply voltages typically 
more negative than 


-8.0 volts, due to the increased voltage drop across the 350-ohm 
resistors in the reference current amplifier. 


Accuracy 


Absolute accuracy is the measure of each output current level 
with respect to its intended value, and is dependent upon relative 
accuracy and full 
scale current 
drift. 
Relative accuracy is the 
measure of each output current level asa fraction of the full scale 
current. 
The 
relative 
accuracy 
of 
the 
MC140a 
is essentially 
constant with temperature due to the excellent temperature track- 
ing of the monolithic 
resistor ladder. 
The reference current may 
drift 
with temperature, causing a change in the absolute accuracy 
of 
output 
current. 
However, the MC1408 has a very low 
full 
scalecurrent drift with temperature. 
The MC1408/MC150a 
Series is guaranteed accurate to with· 


in ±1/2 LSB at +250C at a full scaleoutput current of 1.992 mA. 
This corresponds to a reference amplifier output current drive to 
the ladder network of 2.0 mA, with the loss of one LSB = 8.0 IJA 
which is the ladder remainder shunted to ground. The input current 
to pin 
14 has a guaranteed value of between 1.9 and 2.1 mA. 


allowing some mismatch in the NPN current source pair. 
The 
accuracy test circuit 
is shown in Figure 4. 
The 12·bit converter 


is calibrated for a full scale output current of 1.992 mA. 
This is 
an optional 
step since the MC1408 accuracy is essentially the 
same between 1.5 and 2.5 mA. Then the MC1408 circuits' 
full 
scalecurrent is trimmed to the samevalue with R 14 so that a zero 
value appearsat the error amplifier outPut. 
The counter is activated 


and the error band may be displayed on an oscilloscope. detected 
by comparators, or stored in a peak detector. 


Two a-bit 
D-to-A converters may not be used to construct a 
16·bit accurate D-to-A converter. 
16-bit accur<lCYimplies a total 
error of ±'1/2 of one part in 65, 536, or '±0.OOO76%,which is much 
more accurate than 
the ±'0.19% specification 
provided 
by the 
MC1408x8. 


Multiplying 
Accuracy 


The MC1408 
may be used in 
the multiplying 
mode with 
eight·bit accuracy when the reference current is varied over a range 
of 256:1. 
The major source of error is the bias current 
of the 
termination 
amplifier. 
Under "worst case" conditions, these eight 


amplifiers can contribute 
a total of 1.6 IJA extra current at the 


output terminal. 
If the reference current in the multiplying 
mode 
ranges from 
16 pA to 4.0 mA, the 1.6 IJA contributes an error 
of 0.1 LSB. This is well within 
eight-bit accuracy referenced to 
4.0mA. 


A 
monotonic 
converter is one which supplies an increase in 
current 
for 
each increment in the binary word. 
Typically, 
the 
MC1408 is monotonic 
for all values of reference current above 
0.5 mA. The recommended range for operation with a dc reference 
current is 0.5 to 4.0 mA. 


Settling Time 


The "worst case" switching condition 
occurs when all bits are 
switched "on", 
which corresponds to a low-to-high 
transition 
for 
all bits. 
This time is typically 
300 ns for settling to within 
±1/2 
LSB, for B·bit accuracy, and 200 ns to 1/2 LSB for 7 and G-bit 
accuracy. 
The turn off 
is typically 
under 100 ns. 
These times 


apply when RL .:s;;;500 ohms and Co ~ 25 pF. 


The slowest single switch is the least significant bit. which turns 
"on" 
and settles in 250 ns and turns "off" 
in 80 ns. 
In applica· 


tions where the D-to-A 
converter 
functions 
in a positive-going 


ramp mode, the "worst case" switching condition 
does not occur, 


and a settling time of less than 300 ns may be realized. 
Bit A7 
turns "on" 
in 200 ns and "off" 
in 80 ns, while bit A6 turns "on" 


in 150 ns and "off" 
in 80 ns. 


The test circuit 
of Figure 5 requires a smaller voltage swing for 
the current 
switches due to internal voltage clamping in the MC- 


1408, 
A 
1.0·kilohm 
load resistor from 
pin 4 to ground gives 
a typical settling time of 400 ns. Thus. it is voltage swing and not 
the output 
AC time constant 
that determines settling ,ime for 
most applications. 


Extra care must be taken in board layout since this is usually 
the dominant 
factor 
in satisfactory 
test results when measuring 
settling time. 
Short leads, 100 IJ.Fsupply bypassing for low fre- 


quencies. and minimum scope lead length are all mandatory. 


TYPICAL 
CHARACTERISTICS 
(VCC = +5.0 V. VEE = -15 V. TA = +250C unless otherwise noted.l 
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FIGURE 13 - OUTPUT VOLTAGE .""u, TEMPERATURE 
(Negative rangewith pin 1 open is -5.0 Vdc over full temperature range) 
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TYPICAL 
CHARACTERISTICS 
(con,;nuedl 
(Vee"" 
+5.0 V, VEE::: -15 V. TA = +250C unless otherwise noted. I 
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17 - 
OUTPUT CURRENT 
TO VOLTAGE 
CONVERSION 


MSB A1 


A2 


A3 
A4 
AS 
A6 
A7 
LSB A8 


VCC 
Vref 
~ 2.0 Vdc 


R14 ~R15~1.0kO 
RO ~ S.OkO 
13 


14 
R14 


Vref 


1S 
MC140B 
MC1S08 
R1S 


Series 


Theoretical Vo 


Vo _ V,el (RO) [~ 
+ ~ 
+ ~ 
+ ~ 
+ ~ 
+ ~ 
+ A7 + AS] 
R14 
2 
4 
8 
16 
32 
64 
128 
256 


Adjust Vref, R14 or RO so that Vo with all digital inputs at high 
level is equal to 9.961 volts. 


2 V 
[1 
1 
, 
1 
1 
1 
1 
1 ] 
Vo - 1""kIS k) 2 + 4 + 8 + 16 + 32 + 64 + 128 + 256 


~ 10 V [~::] 
~ 9961 V 


Voltage outputs of a larger magnitude are obtainable with this 
circuit 
which uses an external operational 
amplifier 
as a current 
to voltage converter. 
This configuration 
automatically 
keeps the 
output 
of the MC1408 at ground potential 
and the operational 
amplifier can generatea positive voltage limited only by its positive 
supply voltage. Frequency responseand settling time are primarily 
determined by the characteristics of the operational amplifier. 
In 
addition, the operational amplifier must be compensated for unity 
gain, and in some casesovercompensation may be desirable. 


Note that this configuration 
results in a positive output voltage 
only, 
the ,magnitude of which is dependent on the digital input. 


The following 
circuit 
shows how the MLM301AG 
can be used 
in a feedforward 
mode resulting in a full 
scale settling time on 
the order of 2.0 J,lS. 


An alternative method is to use the MC1539G and input com- 
pensation. 
Responseof this circuit 
is also on the order of 2.0J,ls. 


See Motorola 
Application 
Note AN-459 for more details on this 
concept. 


(To pin 4 


of MC1508LS) 


240 


(Resistor 
and 
diode 
optional. 


see 
t8llt) 


The output 
voltage range f9r this circuit 
is 0 volts to BVCBO 
of the transistor. 
If pin 1 is left open, the transistor basemay be 
grounded, eliminating 
both the resistor and the diode. 
Variations 
in beta must be considered for wide temperature range applica- 
tions. 
An inverted output 
waveform may be obtained by using a 
load resistor from a positive reference voltage to the collector of 
the transistor. 
Also, high-speed operation is possible with a large 
output voltage swing, because pin 4 is held at a constant voltage. 
The resistor (R) to VEE maintains the transistor emitter voltage 
v.A1enall 
bits are "off" 
and insures fast turn-on 
of 
the least 
significant bit. 


Combined Output Amplifier 
and Voltage Reference 


For many of its applications the MC1408 requires a reference 
voltage and an operational amplifier. 
Normally 
the operational 
amplifier 
is used as a current to voltage converter and its output 
need only go positive. 
With the popular MC1723G voltage regula- 
tor both of these functions are provided in a single package with 
the added bonus of up to 150 mA of output 
current. 
see Figure 
21. The MC1723G usesboth a positive and negative povver supply. 
The reference voltage of the MC1723G is then developed with 
respect to 
the negative voltage and appears as a common-mode 
signal to the reference ampl ifier in the D-to-A converter. 
This 
allows use of its output 
amplifier 
as a classic current-to-voltage 
converter with the non-inverting input grounded. 


Since ± 15 V and +5.0 V are normally available in a combina- 


tion digital-to-analog system, only the -5.0 V need be developed. 
A resistor divider is sufficiently 
accurate since the allowable range 
on pin 5 is from -2.0 
to -8.0 volts. 
The 5.0 kilohm pulldown 
resistor on the 
ampl ifier 
output 
is necessary for 
fast negative 
transitions. 
Full scale output may be increased to as much as 32 volts by 
increasing RO and raising the +15 V supply voltage to 35 V maxi- 
mum. 
The resistor divider should be altered to comply with the 
maximum 
limit 
of 40 volts across the MC1723G. 
Co may be 
decreasedto maintain the same RaCa product if maximum speed 
is desired. 


Programmable Power Supply 


The circuit 
of Figure 21 can be usedasa digitally programmed 
power supply by the addition of thumbwheel switches and a BCD· 
to-binary converter. 
The output voltage can be scaled in several 
ways, including 0 to +25.5 volts in O.'-volt increments, ±0.05 volt; 
or 0 to 5.1 volts in 20 mV increments, ± 10 mY. 


I 
I 
171v 
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5 I 


Vee 
-15 V 


"0 
Vo •• Vref" 
~ 
{A} 


Settling 
time for a 1a·volt step §!: 1.0 IJ.s 


Bipol..- or Negative Output Voltage 


The circuit 
of Figure 22 is a variation from the standard volt- 


age output 
circuit 
and will 
produce bipolar 
output 
signals. 
A 
positive current may be sourced into the summing node to offset 
the output 
voltage in the negative direction. 
For example, if 
approximately 
1.0 mA is used a bipolar output signal results which 
may be described as a a-bit ""s" 
complement offset binary. 
Vref 
may be used as this auxiliary 
reference. 
Note that RO has been 
doubled 
to 
10 kilohms 
because of the anticipated 
20 V(p-p) 
output range. 


'5 V 
vcc 
-15 
V 


vEE 


Vref 
[A1 
A2 
A3 
A4 
AS 
A6 
A7 
AS] 
Vraf 
Va· 
-- 
(AO) 
-+-+-+-+-+ 
-+- 
+- 
- - 
(Aol 
A14 
2 
4 
S 
16 
32 
64 
128 
256 
AS 


Vee 
-= 
Vcc 
-15 V 
'5 V 


For a ±5.0 
volt output 
range: 


V ref" 
-5.00 volts 
A14" 
A15: 
2.5 kG 
C" 
37 pF 
(min) 
AO •• 5 kG 


Decrease 
RO to 2.5 kn for 
a 0 to -5.0·volt 
output 
range. 
This 
application 
provides 
somewhat 
lower 
speed, 
as previouslV 
discussed 
in the 
Output 
Voltage 
Range 
section 
of the 
General 
Information. 


Polarity Switching Circuit. a·Bit Magnitude 
Plus Sign D·to·A Converter 


Bip~ar outputs may also be obtained by using a polarity 
switch- 


ing circuit. 
The circuit 
of Figure 24 gives a-.bit magnitude plus 


a sign bit. In this configuration 
the operational amplifier is switched 
between a gain of +1.0 and -1.0. 
Although 
another operational 
amplifier 
is required, no more spaceistaken when a dual operational 
amplifier 
such as the MC1558G is used. The transistor should be 
selected for a very low saturation voltage and resistance. 


From 
Vo 


Output 
Op~.A.mpl 


Programmable Gain Amplifier 
or Digital Attenuator 


When used in 
the 
multiplying 
mode 
the 
MC1408 
can be 
applied as a digital attenuator. 
See Figure 25. 
One advantage of 


this technique is that if RS = 50 ohms. no compensation capacitor 
is needed. The small and large signal bandwidths are now identical 
and are shown in Figure 14. 


The best frequency 
response is obtained by not allowing 
114 


to reach zero. 
However, the high impedance node. pin 16, is 


clamped to prevent saturation and insure fast recovery when the 
current 
through R14 goes to zero. 
RS can be set for a.±1.0 mA 


variation in relation to 114' 114can never be negative. 


The output current is always unipolar. The quiescent de output 


current level changeswith the digital word which makes accoupl ing 
necessary. 


Vo' [~f. 
~l{A}RO 


R14 
RS 
vcc 


Panel Meter Readout 


The MC1408 can be used to read out the status of BCD or 
binary registersor counters in a digital control system. The current 
output 
can be used to drive directly 
an analog panel meter. 
Ex- 


ternal meter shunts may be necessary if a meter of less than 2.0 
mA full scale is used. Full scalecalibration can be done by adjust· 
ing A14 or Vref. 


. 
Observe Internal 
meter 
resistance 
(tor pin 4 
voltage swing). 


R'4> 


R152 
15 


Vref 
1 
10'" to 1 ·'02--- 


R141 


Digital Subtrection: 


Vre'l 
Vref 2 
L •• 
-- 
-- 


R141 
R142 


II 


Two B-bit, Q·to·A converters can be used to build a two digit 
BCD D-to-A or A-to-D converter. 
If both outputs feed the virtual 


ground of an operational amplifier, 
10:1 current scaling can be 
achieved with a resistive current divider. 
If current output is de- 
sired. the units may be operated at full scale current levels of 


4.0 mA and 0.4 mA with the outputs 
connected 
to sum the currents. 


The error of the D·to-A converter handling the least significant 
bits will be scaled down by a factor of ten and thus an MC1408L6 
may be used for the least significant word. 


4 
R14 
12 


Vref 
" 
R1S 
14 
10 
MC1408 Series 
9 


MC1S0B 
B 


13 


VEE 
7 
6 
S 


The 
Circuit 
shown 
is a Simple 
counter- 


ramp converter. 
An UP/DOWN 
counter 
and dual threshold 
comparator 
can be 
used to provide faster operation 
and con- 
tinuous 
conversion. 


LSB 
MSB 
~ 


C 


Vin/AO 
C=--- 


Vref/A14 


® MOTOROl.A 


8-BIT MPU BUS-COMPATIBLE 
HIGH SPEED A-TO-D CONVERTER 


The MC610B is a microprocessor 
compatible, 
B-bit, high speed 
analog-to-digital 
converter. 
Included 
are a precision 
reference, 
DAC, comparator, 
SAR, matched 
scale resistors, 
3-state output 
buffers, and control logic. Conversion 
can be completed 
in under 
2.0 I-'s and input voltage 
ranges of 0 to + 10 V, 0 to + 5.0 V, and 


- 5.0 to + 5.0 V can be converted without 
additional 
external com- 


ponents. With 
appropriate 
external 
resistors, 
the converter 
can 
accommodate 
other 
input 
voltage 
ranges. 
B-bit 
linearity 
and 
monotonic 
operation 
with no missing codes are guaranteed 
over 
temperature. 
Bus compatibility 
is provided for by the 3-state out- 
puts (latches not required). 


The MC610B conversion 
time 
is short 
enough 
to allow 
most 
microprocessors 
to accept the data immediately 
after requesting 
a conversion. 
Applications 
include process control systems, servo 
control systems, waveform 
storage, signal processing, and others. 
This device.is functionally 
and pin compatible 
with the AM610B. 


• 
1.B I-'s Conversion 
Time (Guaranteed I 


• 
Microprocessor 
Compatible 
- 
Connect Directly to Data Bus 


• 
Trimmed 
Internal Voltage Reference 


• 
0.1% Nonlinearity 
(Typ) 


• 
Low Operating 
Voltage (+ 5.0 V, - 5.2 V) 


• 
Internal Matched Gain, Reference, and Offset Resistors 


• 
Pin Programmable 
Natural Binary or Two's Complement 


• 
Conversion 
Complete Available 
as Interrupt 
or on Data Bus 


• 
Max Power Dissipation 
- 
415 mW 


Com pen· 
Gain 
A Gnd 
sation 
Vref 
R 
26 
27 
25 
24 
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22 
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This 
document 
contains 
information 
on 
a new 
product. 
Specifications 
and 
information 
herein 
are 
subject 
to change 
without 
notice. 


8·BIT 
MPU 
BUS·COMPATIBLE 
HIGH SPEED A-TO-D 
CONVERTER 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
710-02 


III 


ABSOLUTE 
MAXIMUM 
RATINGS 


(Voltages 
referred 
to O. Gnd except 
where 
noted) 


Parameter 
Value 
Units 


VCC (Pin 1) 
- 0.3, 
+ 7.0 
V 


VEE (Pin 28) 
+0.3, 
-7.0 
V 


Max 
Differential 
(VCC - VEE) 
12 
V 


Digital 
Inputs 
(Pins 
11- 16) 
-0.5, 
+6.0 
V 


A. Gnd (Pin 26) 
±1.0 
V 


Input 
Current 
III 
Ref In, Gain R 
3.0 
mA 


Voltage 
ill Gain 
R 
VCC,VEE 
V 


Voltage 
III 
Rin, Roff 
±12 
V 


Voltage 
!p 
+ Comp, 
- Comp, 
10 
-2.5, 
+ 12 
V 


Voltage 
III 
00-07 
(in 3-state 
mode) 
-0.5, 
+6.0 
V 


Junction 
Temperature 
-65, 
+ 150 
·C 


RECOMMENDED 
OPERATING 
LIMITS 


(Voltages 
referred 
to O. Gnd except 
where 
noted) 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


Power 
Supply 
Voltage 
VCC 
4.75 
5.0 
5.25 
V 


VEE 
-5.46 
-5.2 
-4.94 
V 


Analog 
Ground 
AGnd 
-0.1 
0 
0.1 
V 


Vref Current 
IYref 
0 
- 
5.0 
mA 


Voltage 
@ Gain R 
- 
1.25 
2.5 
5.0 
V 


Ref In Current 
Iref 
0.5 
1.0 
2.0 
mA 


Voltage 
@ Rin 
Vin 
-8.0 
- 
10 
V 


Voltage 
@ Roff 
Voff 
-8.0 
- 
10 
V 


Clock 
Frequency 
fclk 
0 
- 
5.0 
MHz 


Voltage 
@ -Comp 
- 
0 
0 
4.0 
V 


Voltage 
@ 10 
- 
-1.0 
0 
+5.0 
V 


Digital 
Input 
Voltage 
- 
0 
- 
5.25 
V 


Ambient 
Temperature 
TA 
0 
- 
+70 
·C 


TRANSFER 
CHARACTERISTICS 
(VCC ~ 
+5.0 
V, ±5.0%, 
VEE ~ 
-5.2 
V, ±5.0%, 
0 < TA < 70·C, Clk = 5.0 MHz, 


Vref connected 
to Gain 
R, unless 
otherwise 
noted.) 


Parameter 
Symbol 
Min 
I 
Typ 
Max 
Units 


Resolution 
Res 
8.0 
I 
- 
8.0 
Bits 


Monotonicity 
Mon 
GUARANTEED 


Differential 
Nonlinearity 
ONL 
- 
±1/4 
±3/4 
LSB 


Integral 
Nonlinearity 
(Unipolar) 
INLU 
- 
± 1/4 
±1/2 
LSB 


Integral 
Non Linearity 
(Bipolar) 
INLB 
- 
±1/4 
±3/4 
LSB 


Unipolar 
Gain Error 
(Vin = 0 to 
+ 5.0 V @ Pin 22) 
UGER 
- 
- 
±2-1/2 
LSB 


Unipolar 
Gain Error 
(Vin = 0 to 
+ 10 V @ Pin 20) 
UGER 
- 
- 
±2-1/2 
LSB 


Unipolar 
Offset 
Error 
(07-00 
~ OOHto 01H) 
UOFF 
- 
- 
±1.0 
LSB 


Bipolar 
Gain Error 
(Vin = - 5.0 to 
+ 5.0 V @ Pin 20) 
BGER 
- 
- 
± 2-112 
LSB 


Bipolar 
Zero 
Error 
(07-00 
= 7FH to 80H) 
BZER 
- 
- 
±1-1/2 
LSB 


Bipolar 
Offset 
Error 
(07-00 
~ OOHto 01H) 
BOFF 
- 
- 
± 2-112 
LSB 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


10 Full Scale 
Current 
(07-00 
= FFH, TA 
= 
25°CI (See Text 
"OAC"I 
IFS 
3.1 
3.992 
4.9 
mA 


10 Zero 
Scale 
Current 
(07-00 
= FFH, TA 
= 25°C) (See Text 
"OAC") 
IZS 
-5.0 
- 
+5.0 
!LA 


10 Zero 
Scale 
Current 
(07-00 
= OOH, TA 
= 25°C) (See Text 
"OAC") 
IZS 
3.0 
7.8 
13 
!LA 


10 Full 
Scale 
Current 
(07-00 
= OOH, TA 
= 25°C) (See Text 
"OAC") 
IFS 
3.1 
3.984 
4.9 
mA 


OAC Current 
Gain 
(See Text 
"OAC") 
GOAC 
3.92 
4.0 
4.08 
- 


Gain 
Sensitivity 
to VCC Variations 
PSSVCC 
- 
±0.01 
±0.2 
%FS 


(4.75 < VCC < 5.25 V, VEE = 
-5.2 
V) 


Gain 
Sensitivity 
to VEE Variations 
PSSVEE 
- 
±0.02 
±0.2 
%FS 
(- 
5.46 < VEE < - 4.94 V, VCC = 
+ 5.0 VI 


Pin 25 Voltage 
(lref 
~ 
-1.0 
mA, 
VCC = 
+5.0, 
VEE = 
-5.21 
Vref 
2.475 
2.5 
2.525 
V 


Temperature 
Coefficient 
TC 
- 
±20 
- 
ppmrc 


Load 
Regulation 
( -1.0 
mA 
<" Iref < - 5.0 mAl 
Regload 
- 
±0.05 
±0.2 
%Vref 


Line 
Regulation 
(4.75 < VCC < 5.25 VI 
Regline 
- 
±0.02 
±0.2 
%Vref 


Noise 
(fn 
= 
10 kHz to 1.0 MHz, TA 
= 25°CI 
- 
- 
20 
- 
~Vrms 


Short 
Circuit 
Current 
(TA 
= 
25°CI 
IRSC 
-30 
-20 
-5 
mA 


VCC Current 
(Outputs 
unloaded) 
ICC 
5.0 
20 
27 
mA 


VEE Current 
(Outputs 
unloaded 
I 
lEE 
-50 
-38 
-5 
mA 


Power 
Dissipation 
(Outputs 
unloaded) 
Po 
- 
300 
415 
mW 


Input 
Resistance 
(0 
Gain 
R (Pin 241 
RGR 
- 
2.5 
- 
kll 


Input 
Resistance 
(0 
Rin (Pin 20) 
RRI 
1.75 
2.5 
3.25 
kll 


Input 
Resistance 
Ca Roff 
(pin 
221 
RRO 
- 
1.25 
- 
kll 


Reference 
Input 
Offset 
Voltage 
(Pin 23-261 
Refoff 
-10 
- 
+10 
mV 


Comparator 
Input 
Clamp 
Voltage 
Vclamp 
±O.4 
±0.8 
±1.3 
V 


14.0 mA 
through 
the 
back-to-back 
diodesl 


Input 
Capacitance 
(/I 
+ Comp 
IPin 
191 
Cc 
- 
20 
- 
pF 


Input 
Capacitance 
Ca 
10 (Pin 
21) 
CI 
- 
10 
- 
pF 


Input 
Capacitance 
(0 Rin, Raft, 
Ref In, Gain 
R, -Compo 
- 
- 
2.0 
- 
pF 


Input 
Voltage 
- 
High 
(Pins 
11-161 
VIH 
2.0 
- 
5.25 
V 


Input 
Voltage 
- 
Low 
IPins 
11- 16) 
VIL 
0 
- 
0.8 
V 


Input 
Current~' 
4.0 V (Pins 
11-16) 
IIH 
- 
- 
10 
!LA 


Input 
Current 
~, 0 V (Pins 
11- 161 
IlL 
- 
- 
10 
!LA 


Output 
Voltage 
- 
High 
(lOH 
= 
-400 
!LA, Pins 2-101 
VOH 
2.4 
32 
- 
V 


Output 
Voltage 
- 
Low 
(lOL 
= 8.0 mA, 
Pins 2-101 
VOL 
- 
0.15 
0.4 
V 


Short 
Circuit 
Current" 
(Pins 
2-10, 
TA 
= 
25°C) 
ISC 
-50 
-25 
- 
mA 


Three-State 
Leakage 
(VO = 
2.4 V, Pins 2-9) 
IHLK 
-20 
- 
+20 
!LA 


(VO 
= 0.4 V, Pins 2-91 
ILLK 
-20 
- 
+20 


Capacitance 
13-State 
Mode, 
Pins 2-9) 
Co 
- 
7.0 
- 
pF 


II 


S High After 
ClK 
High' 
tCKS 
0 
- 
- 
ns 


S High 
Before 
ClK 
High' 
tss 
25 
- 
- 
ns 


ClK 
low 
Time 
tCKl 
50 
- 
- 
ns 


ClK 
High Time 
tCKH 
50 
- 
- 
ns 


ClK 
Aise, Fall Time 
tr,tf 
- 
- 
100 
ns 


CS, ClK, 
S Concurrent 
low 
Time' 
tST 
50 
- 
- 
ns 


Clock Frequency 
fClK 
- 
- 
5.0 
MHz 


CC High from 
S, CS, or ClK 
low 
tscc 
- 
25 
55 
ns 


Data to 3-State 
from 
S, and ClK 
low" 
tSl 
- 
25 
55 
ns 


CC low 
from 
ClK 
High 
tCKCC 
- 
15 
40 
ns 


Data Valid 
from 
ClK 
High" 
tCKDV 
- 
25 
50 
ns 


Data Valid 
from 
CS Low·* 
tCSDV 
- 
25 
40 
ns 


Data to 3-State 
from 
CS High" 
tCSl 
- 
20 
40 
ns 


Data Valid 
from 
R Low·* 
tADV 
- 
20 
40 
ns 


Data to 3-State 
from 
A High" 
tAl 
- 
20 
40 
ns 


D7 to Status 
from 
D/ST 
low" 
tDSTS 
- 
20 
40 
ns 


D7 to Data from 
D/ST 
High" 
tDSTD 
- 
20 
40 
ns 


07 to Status 
from 
R Low*· 
tAS 
- 
20 
40 
ns 


1_ltCK~ 


[- 
l/fClK-j 
r-TtCKH 


IT 


tCSDV 
I- 
I 
1- 
-tSl 
DO-D7 
~ 
(See Figure 
11~-------------f 
I 


OLD DATA 


1 
tAS I--- tDSTD 


3-STATE 
D7 ~ STATUS 


FIGURE 1 - 
DATA OUTPUT 
LOAD TEST CIRCUIT 


~ 


2'OV 


330 n 


00-07 


1" 


Typical 


Function 
Pin 
Change 
Units 


Vref 
25 
±20 
ppmrC 


DAC Current 
Gain 
- 
±8.0 
ppmrC 


10 Dynamic 
Impedance 
21 
+1.1 
%fC 


Reference 
Input 
Offset 
23-26 
±20 
p'vrc 


Resistance 
(it 
Ain. Raft. 
Gain 
R 
20,22,24 
+0.1 
%rC 


Symbol 
Pin 
Description 


VCC 
1 
To be connected 
to a 5.0 volts 
(::!:5.0%) supply. 


00-07 
2-9 
TTL level data outputs 
capable 
of three-state 
mode. 
Pin 2 is the LSB, Pin 9 is the MSB. 


Pin 9 can also indicate 
conversion 
status. 


CC 
10 
Conversion 
Complete. 
TTL level output. 
High 
indicates 
conversion 
in progress, 
low 
indicates 
conversion 
complete 
and valid 
data at the outputs. 
This output 
does not have 
three-state 
capability. 


S 
11 
Start 
conversion 
- 
TTL Input. 
Taking 
S low 
(with 
Clock and Chip Select 
lowl 
resets the 
SAR. Taking S high allows 
the conversion 
to start. 


CS 
12 
Chip Select - 
TTL Input. 
When 
low. a conversion 
may 
be initiated 
or data 
read at the 
outputs. 
When 
high, 
data outputs 
are in the three-state 
mode, 
and other 
digital 
inputs 
are 
ignored. 


R 
13 
Read - 
TTL Input. 
When 
low, 
data may be read at 00-07. 
When 
high, 
00-07 
are in 
three-state 
condition. 


O/ST 
14 
Oata/Status 
- 
TTL Input. 
When 
high, 
00-07 
provide 
normal 
data. When 
low, 
07 
indicates 
"Conversion 
Complete" 
status, 
while 00-06 
are in three-state 
mode. 


CLK 
15 
Clock - 
TTL Input. 
0-5.0 
MHz. 


CodeSel 
16 
Code 
Select - 
TTL 
Input. 
When 
low, output 
data 
is in 2's complement 
format. 
When 


high, output 
data 
is straight 
binary 
(offset 
binary 
when 
used in the bipolar 
mode). 


O.Gnd 
17 
Digital 
Ground. 
Connect 
to ground 
associated 
with 
digital 
side of the circuitry. 


-Comp 
18 
Negative 
input 
of the comparator. 
Normally 
grounded, 
a voltage 
on this pin will 
provide 
an offset 
of the input 
voltage 
range. 


+Comp 
19 
Positive 
input 
of the comparator. 
Normally 
open, 
this pin may 
be used for input 
voltage 
ranges 
other 
than 0-10 volts, or ±5.0 volts. 


Rin 
20 
The voltage 
to be converted 
to a digital 
equivalent 
is normally 
applied 
to this pin. A 
nominal 
2.5 kG resistor 
is internally 
connected 
from 
this pin to the comparator/OAC 


output 
node. 


10 
21 
Current 
flows 
into this pin, complementary 
in value 
to the OAC's 
normal 
current 
output 
(10). Normally 
grounded, 
it may 
be connected 
to a resistor 
to ground 
or a positive 
voltage 
source 
in order 
to provide 
an analog 
output. 


Symbol 
Pin 
Description 


Rolf 
22 
An input 
for the bipolar 
offset 
function. 
This input 
can also serve 
as an alternate 
voltage 
input 
with 
half the range 
at Rin- A nominal 
1.25 kfl resistor 
is internally 
connected 
from 


this pin to the comparator/DACoutput node. When not used this pin should be 
grounded. 


Ref In 
23 
OAC's reference 
input. 
Reference 
current 
may be supplied 
to the OAC through 
this 
pin 
rather 
than 
through 
Pin 24. The OAC's full 
scale current 
is 4x the reference 
current. 


Source impedance should be less than 10 kO. 


Gain R 
24 
Normally 2.5 volts (from pin 25) is applied to this pin to supply the 1.0 mA reference 
current 
to the OAC. An internal 
2.5 kfl resistor 
connects 
this 
pin to the OAC's reference 


input. 


Vref 
25 
Output 
of the internal 
precision 
2.5 veit 
reference 
supply, 
it can supply 
up to 5.0 mA. 


Normally 
used to supply 
the OAC's reference 
current 
and the bipolar 
offset 
current. 


A.Gnd 
26 
Analog 
Ground. 
Connect 
to ground 
associated 
with 
the analog 
side of the circuitry. 


Compen 
27 
Compensation 
for the reference 
supply 
regulator. 
Typically, 
a 0.01 J.LFcapacitor 
is 
connected 
from 
this 
pin to A. Gnd or to VEE. 


VEE 
28 
To be connected 
to a - 5.2 volts 
(± 5.0%) supply. 


ANALOG SECTION 


DAC (Refer to Figures 2 and 3) 
The DAC generates 
an output 
current 
(10) which 
is 


proportional 
to both the reference current and the digital 


input presented 
to it by the Successive Approximation 
Register (SAR), according 
to the following 
formula: 


I - 
Iref 
x 4 x A 
+ 
Izs 
0- 
256 


where A is the binary digital code (0-255), and Izs is the 
zero scale current. '0 flows into the DAC, never out. The 
4x (± 2.0%) factor 
is a current 
gain built into the DAC. 


For a nominal 
Iref of 1.0 mA, the maximum 
10 (@.A = 


255) is 3.992 mA (which 
includes 
an Izs of 7.8 p.A). Izs 


is built in so the first transition 
occurs when the signal 
voltage 
(Vin) is 1/2 LSB above 
its minimum 
value. In 
normal operation, 
10is supplied from the signal voltage 


that is being converted 
to a digital code. Therefore, the 


signal 
source 
must be capable of supplying 
up to 4.0 


mA in the unipolar 
mode. Iref is the reference current 
flowing 
in through 
either pin 23 or 24. See Figure 2 for 
the basic unipolar 
configuration. 


In the bipolar 
mode, an oftset current 
of 2.0 mA is 


supplied to the 10node (normally 
through 
Roft) in order 
that Vin may be symmetrical 
about zero volts. The signal 
source must be capable of sinking 
2.0 mA when at the 


negative 
extreme, 
and sourcing 
2.0 mA when 
at the 


positive 
extreme. 
See Figure 
3 for the 
basic bipolar 


configuration. 
+Comp 
(Pin 
19) is maintained 
close 
to 
a virtual 


ground 
after a conversion 
as long as - Comp (Pin 18) 
is at ground. 
The voltage 
at + Comp varies (nominally 


± 0.8 volts) during 
a conversion 
as the DAC forces dif- 


ferent current values at 10and will end up close to zero 
at the end of a conversion. 
Because of the varying 
volt- 


age at + Comp, the current from the signal source and 
the oftset source (if used) will vary with each step of the 
successive approximation 
sequence, necessitating 
that 


V1 
x 
Rx 
1.6 V 


where V1 = 1/2 LSB of the signal voltage, 
and 


Rx = Resistance between the signal source and 


Pin 19 
(2.5 kfl if using Rin, 1.25 kO if using Roft). 


Normally 
Pin 19 is left open, although 
it may be used 


as a path for the oftset current, or the signal current (to 
be digitized), 
with 
appropriate 
external 
resistors. 
See 


the Applications 
Information 
for more details. 


Iref flows into the DAC, never out, and should be be- 


tween 0.5 mA and 2.0 mA to preserve linearity 
and ac- 
curacy. Linearity 
specified 
in the Electrical Characteris- 


tics is tested «I 
Iref of =1.0 mA. The reference 
input 


stage is depicted 
in Figure 4. Normally 
Iref is supplied 


by the 
MC6108's 
internal 
2.5 volt 
reference 
(Pin 25) 


through 
Gain R (Pin 24). If a separate voltage source is 


used for the reference current, it must be free of noise, 
spikes, and ripple since the accuracy of a conversion 
is 


directly 
related 
to the 
quality 
and stability 
of the 


reference. 


SIGNAL VOLTAGE 
The input signal voltage 
(to be digitized) 
is applied to 
either Rin' Roft, or through 
an appropriate 
external 
re- 
sistor 
to 
+ Comp, 
such that 
current 
from 
the signal 


source flows into the DAC's 10port. The preset ranges, 
with Vref connected 
to Gain R are as follows: 


Input 
Connect 
Rin 
Connect Rolf 


Range 
to 
to 


Oto +10V 
Vin 
A.Gnd 


Oto +5.0V 
A.Gnd 
Vin 


-5.0 to +5.0 V 
Vin 
Vref 


-Comp 


18 


22 
Roft 


16 
14 
13 


CodeSel 
01 
Sf 


15 
12 


R 
ClK 


-Comp 


18 


16 
14 


CodeSel 
DI 
Sf 


13 
15 
12 


R 
ClK 


To DAC 
Current 
Switches 


Although 
the tolerance on the absolute values of the 
resistors at Gain R, Rin, and Roff is = ± 30%, the ratio 
of their values is accurately controlled. 
Due to this fact, 
when the MC6108 is connected 
for any of the above 
mentioned 
ranges, the conversion 
accuracy is assured. 
The voltage being digitized 
must be steady to within 
± 1/2 lSB during a conversion 
cycle in order to get an 
accurate representation 
of that voltage. The maximum 
slew rate during the conversion 
is defined by: 


Vrange 
2 x 
256 x tCONV 
Vrange 
x fClK 
2 x 256 x 9 


_ 
Vrange 
x fClK 


- 
4608 


where Vrange = range of the input voltage; 
tCONV 
= 
conversion 
time 
(min. 
9 clock 
cycles); and 
fClK = clock frequency. 


For a typical input range of 10 volts, and a clock fre- 
quency 
of 5.0 MHz, the maximum 
input slew rate is 
0.0108 V/j.Ls.The maximum 
sine-wave frequency which 
can be digitized without 
using a sample-and-hold 
is: 


fClK 
4608 x 
17" 


The above equation 
assumes the signal's 
peak-to- 
peak voltage is equal to the input range of the MC6108. 
If the input signal will change more than 1/2 lSB during 
a conversion, 
a sample-and-hold 
is then needed at the 
input. With the use of a sample-and-hold, 
the maximum 
frequency 
which can be accurately digitized 
is 1/2 the 
conversion 
frequency, 
(277.78 kHz with an fClK 
of 5.0 
MHz). 


The dynamic 
impedance 
requirements 
of the signal 
source are discussed in the DAC section. 


-COMP 
Pin 18 is normally grounded, resulting in + COMP (Pin 
19) being close to a virtual ground at the end of a con- 
version. However, this pin may be used as an alternate 
means of offsetting the input range. Applying a positive 
voltage to - COMP shifts the input voltage range in a 
positive direction. 


The amount of the input's shift depends not only on 
the voltage applied to - COMP, but also on the imped- 


ground. 
For example, 
if the signal voltage 
applied to 
Rin, and Roff is at ground 
(+ COMP open), the input 
range shifts 3 volts for each volt applied to - COMPo 
Since a portion of the DAC's 10current will be drawn 
from the voltage at -COMP, 
that voltage source must 
be capable of supplying 
± 2.0 mA, and must have a low 
dynamic 
impedance. The voltage at - COMP, Rin, and 
Rof! must be kept within 
the limits 
listed in the Rec- 
ommended 
Operating Conditions. 


~ 
~ (pin 21) is the DAC's complementary 
current output. 
The current 
at this pin changes opposite 
to that at 10 
such that their sum is a constant value [4 x Irefl. Current 
flow is into the pin. 
In most applications, 
this pin is grounded. 
However, 
connecting this pin to a resistor to ground permits mon- 
itoring the steps of the SAR(see figure 5), or obtaining 
an analog output 
representative 
of the input voltage. 
The steps in Figure 5 indicate how the circuit finds the 
value of~, 
representative of Vin, by successively trying 
each bit. and leaving each bit on or off (a conversion 
always starts with the MSB on). The voltage at ~ will 
swing negative, and is limited to - 1.0volt (max resistor 
value is 250 fl). To get a wider voltage swing, a larger 
resistor may be connected to a pull-up voltage 
(+ 5.0 
volts maxi. For example, using a 1.25 kfl resistor pulled 
up to + 5.0 volts results in this pin swinging 
between 
ground and + 5.0 volts. The output dynamic impedance 
of the ~ current source (when ~ is maximum) 
is = 2.0 
Mfl for applied voltages of -1.0 
to + 4.0 V, and is =50 
kfl for applied voltages> 
+4.0 V, and tends to increase 
as the nominal value of 1;; decreases. 


At the end of a conversion, 1;; produces a spike ap- 
proximately 
40 ns wide which 
starts with 
the falling 
edge of CC.The spike's amplitude varies from =1.0 mA 


(@ Vin = 0) to 0 mA (@ Vin = maxi. After the spike, 1;; 
remains at the final current value until the start of the 
next conversion. The current value, once established, is 
independent 
of the inputs at R, D/ST, CodeSel, and CS. 


REFERENCESUPPLY 
The internal 
bandgap 
reference 
produces 
an output 
of + 2.500 volts, 
± 25 mV (@. Vref, pin 25), and is pri- 


marily intended to supply the reference current and the 
bipolar offset current. The output impedance is typically 
<0.5 n for load currents 
up to 5.0 mA, and increases 
rapidly at higher currents. Variations in Vref are typically 
< 0.5 mV as VCC is varied from 
+4.75 to + 5.25 volts, 
and Vref is independent 
of VEE variations. 
The output 
is designed to source, not sink current. 


A 0.001 I-'F capacitor 
from 
Vref to A. Gnd is recom- 
mended to reduce noise on this output produced by the 
digital 
section. A 0.01 I-'F capacitor 
from the Compen- 
sation pin (Pin 27) to A. Gnd, or to VEE, is necessary to 
stabilize the regulator. 


POWER SUPPLIES 
The power supplies 
are to be + 5.0 volts, 
± 5.0% at 
VCC (Pin 1), and - 5.2 volts, ± 5.0% at VEE (Pin 28). For 
proper 
operation, 
bypassing 
is required 
for both sup- 


plies at the IC. 10 I-'F tantalum 
in parallel with 0.01 I-'F 
ceramic is recommended 
for each supply. 
ICC varies with the chip's different 
operating 
condi- 
tions, and is a maximum 
(typically 20 mAl during a con- 
version 
(R=O, D/ST=1, 
CS=O) with the signal voltage 
at its minimum 
value. Minimum 
ICC (typically 
12 mAl 
occurs during 
a conversion 
with the signal voltage 
at 
its maximum 
value. 
Ic.c..is typically 
16 mA when the 
MC6108 is deselected (CS= 1), and under all conditions, 
ICC is independent 
of clock frequency. 
lEE is typically 
38 mA, and varies <2.0 mA over dif- 
ferent operating 
conditions. 
lEE is independent 
of clock 
frequency. 


SEQUENCE OF OPERATION 
A conversion 
is initiated when the 5 (Start), CS (Chip 
select), and CLK (Clock) inputs are simultaneously 
low 
for a minimum 
of 50 ns. The three inputs may be taken 
low in any sequence, including simultaneously. 
After all 
three 
have been brought 
low, CC (Conversion 
Com- 


plete) will change to a high state =25 ns later, indicating 
the SAR has been reset. A clock low-to-high 
transition 
must then occur before or with 5 switching 
high, and 
the conversion 
begins with the next CLK rising edge (5 
must precede that one by >25 ns). The conversion 
then 
requires seven complete clock cycles. At the end of the 
conversion, 
CC will switch low indicating 
the end of the 
conversion, 
and that valid data is available. 
See Figure 
6 for the basic timing 
sequence. 
If the 5, CS, and CLK inputs 
appear simultaneously 
low during a conversion, 
the conversion 
sequence will 
be re-initiated 
at that point. 
The following 
truth table describes the relationship 
of 
the six digital 
inputs (Pins 11-16): 


Logic Inputs 
Function 


ClK 
CS 
S 
R 
D/ST 
CodeSel 


X 
, 
X 
X 
X 
X 
Chip de-selected, 
DO-D7(jl. Hi-Z 


0 
0 
0 
X 
X 
X 
ResetSAR 


t t 
X , 
X 
X 
X 
Conversion 
process 
(after SAR is resetl 


X 
0 
X , 
X 
X 
DO-D7 (jl. Hi-Z 


X 
0 
1 
0 
, 
1 
Read 
binary 
or 
offset 
binary 
data at 
DO-D7after 
conversion 


X 
0 
1 
0 
, 
0 
Read2's 
complement 
data 
at 
DO-D7after 
conversion 


X 
0 , 
0 
0 
X 
ReadCCstatus at 
D7 IDO-D6(jl. Hi-ZI 


Figure 7 depicts the input configurations 
in order to read 
the various 
output 
formats. 
Any digital 
input left open 
is equivalent 
to a Logic "0" 
- 
however, 
good design 
practice dictates that inputs should never be left open. 


IT 


DO-D7~ 
Old Data 


A ~ SARReset 
B = Conversion 
Starts 
C = Conversion 
Ends 


~ 
New Data 


• 


~:~ 
~ 
I 
1=3_state 
00-07 --..J(--O-tt-s-e-t-B-in-a-ry-X 
2's Campi. X 
status@J07)p---- 


CLOCK 
The clock input 
(Pin 15) is a TTl 
level input 
which 
steps the SAR through 
the successive 
approximation 
conversion 
process. There is no minimum 
required fre- 


quency, and the maximum 
operating 
frequency 
is listed 
in the timing 
characteristics. 
The clock duty cycle does 
not have to be 50%, but the minimum 
low and high 
times 
must be observed. 
The clock is needed only for 
the conversion, 
and may be removed 
or left applied to 
the MC610a between conversions. 
The operation 
of CS, 


O/ST, R. and CodeSel are not affected by the presence 
or absence of the clock. 


CHIP SELECT 
Chip Select (Pin 12) is a TTl 
level input which is nor- 


mally used by a microprocessor's 
address decoding 
to 
select and de-select the device. A logic 
"0" selects (en- 
ables) the MC610a, while 
a logic 
"1" 
disables 
it. CS 
must be low for a conversion 
to start, and to read data 
at 00-07 
or status at 07 (see O/ST description). 
CS may 
be taken high during 
a conversion, 
as long as the min- 
imum 
low time for CS, S, and ClK 
is adhered to, and 
then taken low in order to read the data after CC goes 


low. Alternately 
CS may be left low during 
the entire 
conversion. 


Whenever 
the MC610a is de-selected, 
a conversion 
cannot 
be initiated, 
and 
00-07 
are 
in the 
high- 


impedance 
condition, 
regardless 
of the other 
digital 


inputs. 


START 
S (Pin 11) is a TTl 
level input used to reset the SAR, 


and initiate 
a conversion. 
The SAR is reset when this 
pin is low simultaneous 
with the Clock and CS inputs 
for a minimum 
of 50 ns. CC output will then change to 
a high state. A clock rising edge must occur while S is 
low, or no later than 
coincident 
with 
its rising 
edge. 


There is no maximum 
time limit for S to stay low, but 
the conversion 
will not begin until the next rising edge 
of the Clock input sfte, S goes high. Seven complete 
clock 
cycles 
are 
then 
needed 
to 
complete 
the 
conversion. 


If the S input 
is connected 
to the CC output through 
a flip-flop 
(see Figure a), the MC610a will operate at the 
maximum 
possible 
conversion 
repetition 
rate, i.e. one 
conversion 
each 9 clock cycles. 


FIGURE8 - 
CONFIGURATIONFORMAXIMUM CONVERSIONRATE 
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Converting 
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REAO 
00-07~ 
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Active 


READ 
Read (Pin 13) is a TTl 
level input which controls 
the 
state of the outputs 
(DO-D7) between 
conversions 
as 
long as the MC6108 is enabled 
(CS = 0). A logic 
"1" 


forces the 8 outputs to a high impedance 
condition 
re- 
gardless of the other digital inputs. A logic 
"0" permits 
reading the data at DO-D7 after the conversion 
is com- 
plete, or the CC status at D7 (depending 
on the D/ST 
input). During a conversion, 
R is ineffective, 
except for 
controlling 
D7 if D/ST is low. 


The Read input differs from the CS input in that taking 
Read high does not prevent 
a conversion 
from 
being 
initiated 
in response to the CS, ClK, and S inputs (de- 
scribed elsewhere). 
If desired, the Read input 
may be 
kept low at all times in a simple application. 


CONVERSION COMPLETE 
CC (Pin 10) is a TTL level output 
which 
indicates the 
status of the conversion. 
After CS, CLK, and S are taken 
low to initiate a conversion, 
CCwill go high =25 ns later. 


CC will 
stay high during 
the conversion, 
and then go 
low 
= 15 ns after the rising 
edge of the clock corre- 
sponding to the end of the co·nversion. See Figure 6 and 
the System Timing 
Diagram. 
The CC pin does not have a high impedance 
capa- 
bility, and is therefore 
always active. The CC status is 
typically 
monitored 
through 
a port, or an interrupt 
pin. 


DATA/STATUS 
D/ST (Pin 14) is a TTl 
level input which controls 
the 


information 
presented at DO-D7. When at a logic 
"1 ", 


DO-D7 will provide the digital equivalent 
of the analog 


input at the end of the conversion 
(DO-D7 are in a high 


impedance 
mode 
during 
the conversion). 
When at a 
logic 
"0", 
DO-DB are maintained 
in a high impedance 
mode, while D7 provides the Conversion Complete sta- 
tus both during 
and after the conversion 
(D7 does not 
go into a high impedance 
mode). The rising and falling 
edges of D7, when providing 
status, follow 
those of CC 
(Pin 10) within 
= 10 ns. 


D/ST may be used by the microprocessor 
as a means 
of reading 
the Status and the Data on the bus rather 
than using a separate port for the CC output 
(Pin 10). 
However, since D7 is active during the conversion, 
the 
microprocessor 
cannot 
be busy with 
other 
functions 
during 
this time. 
If the microprocessor 
is to be busy 
during 
the conversion, 
the status may be checked by 
periodically 
switching 
the D/ST pin, or the CS pin, or by 
reading the CC pin (Pin 10) through 
a separate port or 
interrupt 
pin. R (Pin 13) must be low to read data or 
status. 


CODE SELECT 
CodeSel (Pin 16) is a TTl 
level input which 
controls 
the format of the binary data presented at DO-D7 at the 
end of a conversion. 
When at a Logic "1", 
the data is 
presented as natural binary or offset binary, depending 
on whether 
the analog input is unipolar 
or bipolar, 
re- 
spectively. 
When at a Logic "0", 
the output 
code is in 
2's complement 
form 
(applicable 
to bipolar 
operation 
only). This pin has no effect on D7 when the D/ST input 
is low (see section on Data/Status). The following 
tables 
illustrate 
examples of the different 
codes: 


Input 
+10 V Range +5.0 V Range Natural Binary 


FS- 
1LSB 
9.961V 
4.980V 
'1111111 
3/4 FS 
7.500V 
3.750V 
11000000 
1/2 FS 
5.000V 
2.500V 
10000000 
1/4 FS 
2.500V 
1.250V 
01000000 
a 
0.000V 
0.000V 
0000 0000 


2's 
Input 
±5.0 V Range Offset Binary 
Complement 


+FS -lLSB 
4.961V 
11111111 
01111111 


+ 1/2 FS 
2.500V 
11000000 
01000000 
MidScale 
0.000V 
10000000 
00000000 


-1/2 FS 
-2.500 V 
01000000 
11000000 


-FS + lLSB 
-4.961 V 
00000001 
10000001 


-FS 
-5.000 V 
0000 0000 
10000000 


If an input voltage range other than those listed above 
is used, and CodeSel is at a logic 
"1" 
(binary format), 
the code 0000 0000 will correspond 
to the most negative 
input voltage, while the code 1111 1111 corresponds 
to 
the most positive input voltage 
(- 1 lSB). The 2's com- 
plement 
code is the same as the binary with the MSB 
(D7) inverted. 


DATA OUTPUTS 
The data outputs (Pins 2-9) are TTl level outputs with 
high impedance 
capability. 
Pin 2 is the lSB (DO), while 
Pin 9 is the MSB (D7). The 8 outputs 
are in the high 
impedance 
mode during 
a conversion 
(CC = high), or 
if CS or R are high. DO-D6 are in the high impedance 
mode, and D7 is active, anytime that D/ST is low (CS = 
R = 0). 


During normal operation, 
the 8 outputs change from 
valid data to high impedance within 
55 ns after the SAR 
has been reset (CS = ClK = S = 0) at the beginning 
of a conversion, 
and back to valid data within 50 ns after 
the rising edge of the ClK at the end of a conversion. 


POWER SUPPLIES, 
GROUNDING 
The P.C. board layout, the quality 
of the power sup- 
plies and the ground system at the IC are very important 
in order to obtain 
proper 
operation. 
Noise,. from 
any 
source, coming into the device on VCC, VEE, or ground 
can cause an incorrect 
output 
code due to interaction 
with the analog portion of the circuit. At the same time, 
noise generated within the MC6108 can cause incorrect 
operation 
if that noise does not have a clear path to ac 
ground. 
Both the VCC and VEE power supplies 
must be de- 
coupled to ground 
at the IC (within 
1" max) with a 10 
JJ.Ftantalum and a 0.01 JJ.Fceramic. Tantalum capacitors 
are recommended 
since electrolytic 
capacitors 
simply 
have too much inductance at the frequencies of interest. 
The quality 
of the VCC and VEE supplies 
should then 
be checked at the IC with a high frequency scope. Noise 
spikes (always present when digital circuits are present) 
can easily exceed 400 mV peak, and if they get into the 
analog portion of the IC,the operation can be disrupted. 
Noise can be reduced 
by inserting 
resistors 
«10 
n, 


metal film) or inductors 
between the supplies 
and the 
IC. 


If switching 
power supplies are used, there will usu- 
ally be spikes of 0.5 volts or greater at frequencies 
of 
50 - 
200 kHz. These spikes are generally more difficult 
to reduce because of their greater energy content. 
In 


extreme 
cases, 3-terminal 
regulators 
(MC78L05ACP, 


MC7905.2CT). with appropriate 
high frequency filtering, 


should be used and dedicated to the MC6108. 


The ripple content 
of the supplies 
should 
not allow 
their 
magnitude 
to exceed the values 
in the Recom- 


mended Operating 
Limits. 
The P.C. board tracks supplying 
VCC and VEE to the 
MC6108 should preferably 
not be at the tail end of the 
bus distribution, 
after passing through 
a maze of digital 
circuitry. The MC6108 should be close to the power sup- 
ply, or the connector 
where the supply voltages 
enter 
the board. If the VCC and VEE lines are supplying 
con- 
siderable current to other parts of the boards, then it is 
preferable 
to have dedicated 
lines from the supply or 


connector 
directly to the MC6108. 
The MC6108 has two ground pins - 
A. Gnd (pin 26), 


and D. Gnd. (Pin 17). VCC and VEE should be referenced 
to D. Gnd. A. Gnd is mainly a signal ground, and is the 
return path for the internal 2.5 volt reference, and the 
DAC's reference amplifier. 
A. Gnd must be connected 
to D. Gnd, preferably 
at one point. and in a manner so 
as to not pick up noise. The dc voltage between A. Gnd 
and D. Gnd must be <100 mV. Long PCtracks between 
them should be avoided as the inductance (at 5.0 MHz) 
can create stability 
problems. 
See Figure 9 for a depic- 


tion of the major current paths. 


ICC+ T 


rh ~ Digital 
Gnd. 


.J,. = Analog 
Gnd. 


FULL SCALE, ZERO ADJUSTMENTS 
The unadjusted full scale accuracy (at max. Vin) of the 
MC6108, when the internal 
resistors are used (Figures 
2 and 31. is guaranteed 
to be within 
2-1/2 LSBs. The 
offset error (at min. Vin) is guaranteed 
to be less than 
1LSB for the unipolar configuration, 
and 2-1/2 LSBs for 
the bipolar 
configuration. 
If the application 
requires 
greater accuracy at the end points, then adjustments 
are 
needed, as shown in Figures 10 and 11. The potentiom- 
eters should 
be 20-turn type, with 
low T.C. The 50 n 
resistor is added to the Rin pin to ensure that the po- 
tentiometers 
can provide adjustment 
over the full plus 
and minus error range. 


OTHER INPUT 
RANGES 
The MC6108 has internal 
resistors 
providing 
preset 
input ranges of 0 to + 10volts, 0 to + 5.0 volts, and - 5.0 
to + 5.0 volts (see previous section entitled "Signal Volt- 
age"). The input range, and the offset, are determined 
by the value olthe 
resistors at Pins 20, 22, and 24. Where 
input 
ranges other than those listed above are to be 
digitized, 
then external 
resistors 
of comparable 
toler- 
ance and temperature 
coefficient should be used for the 
reference (at Pin 23), and for the input signal (at Pin 19), 
and for the bipolar offset function 
(also at Pin 19). See 
Figures 12 and 13. Rin and Roff should be connected to 
A. Gnd when 
not used. Due to the tolerances 
of the 
absolute value of the internal resistors, they should not 
be used in conjunction 
with external resistors. 


Figure 13 shows the reference current and the offset 
current supplied from the same reference source, which 
may be the internal 
reference (Pin 25). However, sepa- 
rate sources may be used for the two currents if desired. 


4 
x 
Vref 
x 
Rjv 


Rref 


A modulation 
of the input signal (for waveform 
ma- 
nipulation 
or signal processing) 
may be done by apply- 
ing the modulating 
signal to the reference current. Re- 
writing 
equation 
1 to determine the output code results 
in: 


~ 
4 x 
Iref 


Vin 
x 
256 


Rin x 4 x 
Iref 


(The offset term 
has been omitted 
to simplify 
the 
equation.) 
As can be seen, the output 
code varies in- 
versely with the reference. When varying the reference 
current, its value must be maintained 
between 0.5 and 
2.0 mA, and the current flow must always be into Pin 
23 or 24. 


R' 
[~ 
IV 
Rref 


II 


MAXIMUM 
CONVERSION 
RATE 
Although 
a conversion, 
once initiated, 
requires 
7+ 


clock cycles, the maximum 
conversion 
repetition 
rate is 
once per 9 clock cycles, due to the OAC and SAR reset 
times. This is easily achieved 
by connecting 
CC to S, 


through 
a Ootype flip-flop, 
allowing 
the MC6108 to re- 
start itself at the end of each conversion 
(see Figure 8). 


In this mode, the data outputs may be connected directly 
to the microprocessor 
bus, and the BUSY output 
used 
to indicate when valid data is available. Alternately, 
the 
data outputs 
may be connected 
to latches, which 
are 
activated 
by the BUSY signal, in order that the micro- 
processor 
may read the data at its convenience. 
This 
configuration 
may also be used for 
OMA loading 
of 


memory. 


MICROPROCESSOR 
INTERFACING 
With the proliferation 
of microprocessors 
available to- 


day, interfacing 
schemes can take anyone 
of several 
hundred configurations. 
Figures 14, 15, and 16 indicate 


some 
generic 
interfacing 
schemes 
which 
can be 
adapted to most any microprocessor. 
Some of the ter- 
minology 
in the Figures is based on the MC6800 series 
of processors - 
other processors have similar functions 
by different 
names. 


Figure 14 depicts a simple basic interface using a port 
(such as an MC6821) and/or an interrupt. 
A conversion 


cs 


MC610B 


ClK 


CodeSel 


CC 
I 


Orto/-LP ~_J 
Interrupt 


csI 
1/"/////////////1 
I' 


ooj~ ~ 
I~,~:~! 


Old Data 


is initiated 
when 
the 
active 
low 
address 
decoder 
switches 
low, Rm 
is high, and the port outputs 
one 
active low pulse to S. At the end of the conversion, 
CC 
goes low, alerting 
the processor 
through 
the port or 
through 
an interrupt. 
The processor can then read the 
data at its convenience 
by switching 
Rand 
CS low. 
Figure 15 eliminates 
the need for an interrupt, 
and 
instead periodically 
checks the conversion 
status at 07 
(O/ST = low) by reading the data bus. When 07 is low, 
the conversion 
is complete, 
and the O/ST input is then 
taken high so as to read the data at 00-07. 


Figure 16 eliminates 
the need for an interrupt 
or a 
port, but requires the processor to wait during the con- 
version until it is complete. The conversion 
is initiated 
when the address decoder switches low, and Rm goes 
high - 
that brings CS low and provides the Start pulse. 


The processor waits 9 clock cycles, and then reads the 
data. 


In the above examples, the timing of the S pulse must 
be such that it is low for >50 ns concurrently 
with CS 
and CLK low, and must include one rising clock edge. 
If the S pulse timing 
is synchronized 
with the other in- 


puts, this is relatively easy to guarantee. If, however, in 
Figure 16, the CS and CLK are not synchronized, 
then 
the SN74LS122 must 
be set for a pulse width 
that is 


equal to or greater than one clock cycle. 


UT""TeS1D7 
.:1=r ~~~~~~~~~1'0trl 


07 
I 
I 
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I 
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STAND·ALONE 
USE 
Although 
the MC6108 was designed for use with mi- 


croprocessors, 
it can be used in a stand-alone 
mode. 


The digital 
inputs 
may be controlled 
by other 
digital 
circuitry, 
or hard-wired 
in a simple application. 
Figure 
17 shows a simple configuration 
whereby 
the MC6108 
is permanently 
enabled, 
and each 5 input 
pulse pro- 
vides new data at the outputs. Figure 18 shows a circuit 
whereby 
the MC6108 is continually 
self-updating 
the 
information 
into 
latches. 
The 
latches 
are necessary 
since in this mode of operation, 
the MC6108 data out- 
puts are in the 3-state mode the majority 
of the time. 


The 430 !l resistor and 68 pF capacitor 
provide a =60 
ns delay from CC's falling edge to allow DO-D7 to sta- 
bilize, 
and to allow 
the 
setup time 
required 
by the 
SN74LS374 latches. The clock high time in this circuit 
must be ",100 ns. 


NEGATIVE 
VOLTAGE REGULATOR 
In the cases where 
a negative 
power supply 
is not 
available - 
neither the - 5.2 volts, nor a higher negative 
voltage from which to derive the - 5.2 volts-the 
circuit 
of Figure 19 can be used to generate the - 5.2 volts from 
the + 5.0 volts supply. The PC board space required 
is 
small (=2.0 in2), and it can be located physically 
close 
to the MC6108. The MC34063 is a switching 
regulator, 
and in Figure 19 is configured 
in an inverting 
mode of 
operation. 
The regulator 
operating 
specifications 
are 
given in the Figure. 
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line Regulation 
4.75 V < Vin < 5.25 V (lout = 20 mAl 
0.04% 


Load 
Regulation 
Vin = 5.0 V. 20 mA < lout < 50 mA 
0.8% 


Output 
Ripple 
Vin 
= 5.0 V. lout = 50 mA 
3.0 mV pop 


Short 
Circuit 
lout 
Vin = 5.0 V. Rl 
= 0.1 n 
300 mA 


Efficiency 
Vin = 5.0 V. lout = 50 mA 
57% 


BANDGAP REFERENCE - 
A voltage 
reference 
circuit 
based on the predictable 
base-emitter voltage of a tran- 
sistor. The silicon bandgap voltage of ~1.2 volts is the 
basis for generating 
other 
voltages 
which 
are stable 
with time and temperature. 


BIPOLAR INPUT - 
A mode of operation 
whereby 
the 
analog input (of an A-Dj, or output (of a DACj, includes 
both negative and positive values. Examples are - 5 to 
+5 V, -2 
to +S V, etc. 


BIPOLAR OFFSET ERROR- 
The difference between the 
actual and ideal locations of the OOH to 01H transition, 
where the ideal location is 1/2 LSB above the most neg- 
ative input voltage. 


BIPOLAR ZERO ERROR- 
The error (usually expressed 
in LSBs) of the input voltage location (of an A-D) of the 
7FH to SOH transition. 
The ideal location is 1/2 LSB below 
zero volts in the case of an A-D set up for a symmetrical 
bipolar 
input (e.g., - 5 to + 5 V). 


DAC CURRENT GAIN - 
The internal gain the DAC ap- 
plies to the reference current to determine 
the full scale 
output 
current. 
The actual maximum 
current 
out of a 
DAC is one LSB less than the full scale current. 


DIFFERENTIAL NON·L1NEARITY - 
The maximum 
de- 
viation 
in the actual step size (one transition 
level to 
another) from the ideal step size. The ideal step size is 
defined as the Full Scale Range divided by 2n (n = num- 
ber of bits). This error must be within 
± 1 LSB for proper 
operation. 


FULL SCALE CURRENT or RANGE (ACTUAL) - 
The dif- 
ference 
between 
the actual 
minimum 
and maximum 
end points of the analog input (of an A-D). or output (of 
a DAC). 


FULL SCALE RANGE (IDEAL) - 
The difference between 
the actual minimum 
and maximum 
end points of the 
analog input (of an A-D), or output (of a DAC), plus one 
LSB. 


GAIN ERROR- 
The difference 
between the actual and 
expected 
gain (end point to end point) of a data con- 
verter, with 
respect to the device's 
internal 
reference. 
The gain error is usually expressed in LSBs. 


INTEGRAL NON-LINEARITY - 
The maximum 
error of 
an A-D, or DAC, transfer function from the ideal straight 
line connecting 
the analog end points. This parameter 
is sensitive 
to dynamics, 
and test conditions 
must be 
specified 
in order to be meaningful. 
This parameter 
is 
the best overall indicator 
of the device's performance. 


LSB - 
Least Significant 
Bit. It is the lowest order bit of 
a binary code. 


LINE REGULATION - 
The ability of a voltage regulator 
to maintain 
a certain output voltage as the input to the 
regulator 
is varied. The error is typically 
expressed as 
a percent of the nominal 
output voltage. 


LOAD REGULATION - 
The ability of a voltage regulator 
to maintain 
a certain output voltage as the load current 
is varied. The error is typically 
expressed as a percent 
of the nominal 
output voltage. 


MONOTONICITY 
- 
The characteristic 
of the transfer 
function 
whereby 
increasing the input code (of a DAC), 
orthe input signal (of an A-D), results in the output never 
decreasing. 


MSB - 
Most Significant 
Bit. It is the highest order bit 
of a binary code. 


NATURAL BINARY CODE - 
A binary code whose nor- 
malized decimal value is defined by: 
N = An2n 
+ 
... 
+ 
A323 
+ 
A222 + 
A121 
+ 
A020 


where each "A" 
coefficient 
has a value of 1 or O. Typ- 
ically, all zeroes corresponds 
to a zero input voltage 
of 
an A-D, and all ones corresponds 
to the most positive 
input voltage. 


OFFSET BINARY CODE - 
Applicable 
only to bipolar in- 
put (or output) data converters, it is the same as Natural 
Binary, except that all zeroes corresponds 
to the most 
negative 
input voltage 
(of an A-D). while 
all ones cor- 
responds to the most positive 
input. 


POWER SUPPLY SENSITIVITY - 
The change in a data 
converter's 
performance 
with 
changes 
in the 
power 
supply voltage(s). 
This parameter 
is usually expressed 
in percent of full scale versus tN. 


QUANTITIZATION 
ERROR-Also 
known as digitization 
error or uncertainty. 
It is the inherent error involved 
in 
digitizing 
an analog signal due to the finite 
number 
of 
steps at the digital output versus the infinite 
number of 
values at the analog input. This error is a minimum 
of 
± 1/2 LSB. 


RESOLUTION - 
The smallest change which can be dis- 
cerned by an A-D converter, 
or produced 
by a DAC. It 
is usually expressed as the number of bits, n, where the 
converter 
has 2n possible states. 


SAMPLING 
THEOREM - 
Also known 
as the Nyquist 
Theorem. 
It states that the sampling 
frequency 
of an 
A-D must be no less than 2x the highest frequency 
(of 
interest) of the analog signal to be digitized 
in order to 
preserve the information 
of that analog signal. 


II 


II 


TWO'S 
COMPLEMENT 
CODE - 
A binary 
code appli- 


cable to bipolar 
operation, 
in which 
the positive 
and 
negative codes of the same analog magnitude 
sum to 
all zeroes, plus a carry. It is the same as Offset Binary 
Code, with the MSB inverted. 


UNIPOLAR 
INPUT - 
A mode of operation whereby the 
analog input range (of an A-D). or output 
range (of a 


DACI, includes values of a single polarity. Examples are 
Oto +10V,Oto 
-5V, 
+2to 
+8V,etc. 


UNIPOLAR 
OFFSET ERROR - 
The difference 
between 
the actual and ideal locations 
of the OOHto 01H tran- 
sition, 
where the ideal location 
is 1/2 LSB above the 
most negative input voltage. 
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Specifications 
and Applications 
Information 


HIGH SPEED 
8-BIT DIGITAL-TO-ANALOG 
CONVERTER 


The MCl 0318 (Series) is a high-speed 
D/A converter 
capable of 
data conversion 
rates in excess of 25 MHz. The digital 
inputs are 
compatible 
with 
MECL 10,000 Series Logic. Complementary 
cur- 
rent 
outputs 
provide 
up to 
56 mA 
full 
scale capability. 
The 
MC10318 Series is available 
in 4 accuracy grades (over temper- 
ature) to meet the requirements 
of many applications, 
including: 
high-speed 
instrumentation 
and test equipment, 
storage 
oscilli- 
scopes, display 
processing, 
radar systems, and digital video sys- 
tems (broadcast 
and receiver applications). 


• 
Fast Settling 
Time -10 
ns (Typ to ±0.19%) 


• 
Four Accuracy 
Grades 
- 
9-Bit Linearity 
(±0.10%) 
- 
MC10318L9 
- 
8-Bit Linearity 
(±0.19%) 
- 
MC10318L 
- 
7-Bit Linearity 
(±0.39%) 
- 
MC10318CL7 
- 
6-Bit Linearity 
(±0.78%) 
- 
MC10318CL6 


• 
Inputs MECL 10,000 Compatible 


• 
Complementary 
Current Outputs 


• 
Output 
Compliance: 
-1.3 
V to + 2.5 V 


• 
Single MECL Supply: 
- 5.2 V 


• 
Standard 
16-Pin Dual-In-Line 
Package 


• 
Evaluation Kit MCK8DA Available 


Digital 
Inputs 
I 
\ 
(MSB) 
07 
06 
05 
04 
03 
02 
01 DO 
(LSB) 


87654321 


: 
! 
I 
Current 


Switches 
• 
I 
' 
I 
I 
I 


MC10318L9 
MC10318L 
MC10318CL7 
MC10318CL6 


HIGH SPEED 
8-BIT 
DIGITAL· TO-ANALOG 
CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


LSUFAX 
CERAMIC 
PACKAGE 
CASE 
620-10 


~ 
1 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
690-13 


PIN CONNECTIONS 


(TOP VIEW) 


III 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VEE 
-6,0 
to 
+0,5 
Vdc 


Digital 
Input 
Voltage 
VI 
o to VEE 
Vdc 


Applied 
Output 
Voltage 
Vo 
+5,0 
to VEE 
Vdc 


Reference 
Current 
Iref(121 
5,0 
mA 


Output 
Current 
IFS 
-75 
mA 


Reference 
Amplifier 
Input 
Range 
Vref 
+0,5 
to VEE 
Vdc 


Reference 
Amplifier 
Differential 
Inputs 
Vref(O) 
"05,0 
Vdc 


Operating 
Temperature 
Range 
TA 
o to 
+ 70 
·C 


Storage 
Temperature 
Range 
TStQ 
-65to 
+ 150 
·C 


Junction 
Temperature 
Ceramic 
Package 
TJ 
+175 
·C 


Thermal 
Resistance, 
Still 
Air 
R8JA 
80 
·CIW 
Junction 
to Ambient 
With 
500 LFPM 
50 


Characteristics 
Fig, 
Symbol 
Min 
Typ 
Ma. 
Unit 


Nonlinearity 
(Integrall 
MC10318L9 
- 
- 
- 
"00,10 
%FS 


(Pin 
14 or 151 
MC10318L 
- 
- 
- 
"00.19 


(Ca IFS = 51 mA, 
25,5 mAl 
MC10318CL7 
- 
- 
- 
"00,39 
MC10318CL6 
- 
- 
- 
"00,78 


Zero 
Scale 
Output 
Current 
(Pin 
14 or 151(TA 
~ 
25·CI 
10 
IZS 
- 
5,0 
50 
",A 


Zero 
Scale 
Output 
Current 
Temperature 
Drift 
Izs/,n 
nArC 
(Pin 
14 or 151 
0< 
TA < 25·C 
- 
"017 
- 


25°C < TA < 70·C 
- 
"02,0 
- 


Full Scale 
Output 
Current 
(Pin 
14 or 151 
10 
IFS 
-46.00 
-51,00 
- 56,00 
mA 
IIref 
= 3,2 mA, 
00-07 
= 11 


Full Scale 
Output 
Current 
Temperature 
Drift 
.lIFS/"C 
ppm/"C 


(Pin 
14 or 
151 
0< 
TA < 
25·C 
- 
"050 
- 


25·C 
< TA < 70·C 
- 
"010 
- 


Full Scale 
Output 
Sensitivity 
to Power 
MC10318L,9 
IFSPSS 
- 
"00,005 
"00,02 
%/% 


Supply 
Variations 
(Pin 
14 or 151 
MC10318CL6,7 
- 
"00,005 
"00,04 


(-4,94 
V < VEE < -5.46 
VI 


Full 
Scale 
Symmetry 
IIFS - 
IFSI 
10 
IFSS 
- 
"021 
"0100 
",A 


Output 
Voltage 
Compliance 
(Pin 
14 or 15) 
VOC 
-1.3 
- 
+2,5 
V 
Full Scale 
Current 
Change" 
V, LSB (Specified 
Nonlinearity) 
(TA 
~ 
25·C) 


Output 
Resistance 
(Pin 
14 or 15) (TA 
= 25·C) 
12 
RO 
- 
69 
- 
kO 


Reference 
Amplifier 
Offset 
Voltage 
(TA 
~ 
25·CI 
VIO 
- 
"03,2 
- 
mV 


Reference 
Amplifier 
Offset 
Voltage 
Temperature 
Drift 
.lVIOI.lT 
",V/"C 
0< 
TA < 25·C 
- 
"010 
- 
25·C 
< TA < 70·C 
- 
±4.0 
- 


Reference 
Amplifier 
Bias Current 
(Pin 
101 
liB 
- 
4,0 
15 
!J.A 


IIref 
= 3,2 mAl 


Reference 
Amplifier 
Bias Current 
Temperature 
Drift 
.lIIBI~T 
nArC 
IIref 
~ 
3,2 mAl 
0< 
TA < 25·C 
- 
-40 
- 
25·C < TA < 70·C 
- 
-10 
- 


Reference 
Amplifier 
Common 
Mode 
Range 
VICR 
- 
"01.15 
- 
V 
(VEE 
~ 
- 5,2 VI (T A = 25·CI 


Reference 
Amplifier 
Common 
Mode 
Rejection 
VICMRR 
- 
58 
- 
dB 


Ratio 
(TA = 25·C) 
(Iref 
= 3,2 mA, 
VICR 
= 0 to 
- 2,0 V, 


Pins 
1-8 
~ 
Logic 
1) 


Reference 
Amplifier 
Input 
Impedance 
RIN 
- 
1,0 
- 
MO 
(Pin 
101 (T A = 25·CI 


Power 
Supply 
Current 
lEE 
- 
90 
130 
mA 
(Pins 
1 thru 
8 Open, 
Iref 
~ 
3,2 mA, 
Includes 
10 + 1;;) 


Characteristics 
Fig. 
Symbol 
Min 
Typ 
Ma. 
Unit 


Feedthrough 
Current 
- 
All 
Bits Off 
9 
IFC 
IJ-Apop 


1= 10 
kHz 
- 
2.0 
- 


1= 100 kHz 
- 
18 
- 


Distortion 
- 
W, 101 
% 


(Sinewave 
applied 
to reference 
amplifier 
Input, 


Do-D7 
= 
Logic 
1) 
C = 0.01 
IJ-F, 
1 = 
20 kHz 
THD 
- 
1.0 
- 


C = 0.01 
IJ-F, 
1 ~ 
65 kHz 
THD 
- 
50 
- 


C = 0.001 IJ-F, 
1 ~ 340 kHz 
THD 
- 
1.0 
- 


C ~ 0.001 IJ-F, 
1 ~ 600 kHz 
THD 
- 
2.0 
- 


C ~ 240 pF, 
1 = 600 kHz 
THD 
- 
0.8 
- 


Reference 
Amplifier 
Slew Rate 
13 
mAlJ-s 


(Step 
change 
at Pin 10, all bits on) 


C = 0.01 IJ-F 
- 
05 
- 


C = 0.001 IJ-F 
- 
5.0 
- 


C = 240 pF 
- 
20 
- 


Settling 
Time 
Ito 
~0.19% 
01 Full Scale) 
1,22 
ts 
ns 


1 LS8 Change 
- 
7.0 
- 


All 
Bits Switched 
- 
10 
- 


Propagation 
Delay 
2 
to 
- 
50 
- 
ns 


Output 
Glitch 
Energy 
(with 
De-Skewing 
Capacitors) 
- 
50 
- 
LS8·ns 


(Input 
Change: 
01111111 
~ 
10000000) 


Glitch 
Duration 
- 
5.0 
- 
ns 


DIGITAL 
INPUT 
VOLTAGE 
LEVELS 


Volts 
(See Note) 


TA 
VIHma. 
VIHAmin 
VILAma. 
VILmin 


O°C 
-0.845 
-1.151 
- 1.516 
-1.868 


25°C 
-0.810 
-1.105 
-1.505 
--1.850 


70°C 
-0.727 
-1.052 
-1.480 
-1.830 


FUNCTIONAL 
PIN DESCRIPTION 


DG-D7 
(Pins 
1-8) The eight 
ECL digital 
inputs 
compatible 
with 
MECL 
10,000 
series 
devices. 
Logic 
"0" 
is nominally 
- 1.8 V, 


and Logic "1" 
is nominally 
-0.9 
V. 


Vref- 
(Pin 10) The high 
impendance 
input 
of the 
reference 


amplifier. 
This input 
is normally 
grounded, 
but may be used 


for ac applications 
involving 
modulation, 
digitally 
controlled 
gain, etc. Normal 
operating 
range is from 
ground 
to VEE + 2.9 


V (nominally 
- 2.3 V). 


Vref. 
(Pin 12) The noninverting 
input 
of the reference 
ampli· 


fier. The inverted 
output 
of the reference 
amplifier 
is internally 
fed back to this input. thus causing 
it to track Pin 10. A nominal 
3.2 mA is to be supplied 
to this 
pin from 
an external 
(stable 


and noise free) voltage 
source 
and current 
setting 
resistor. 


Compo 
(Pin 11) A nominal 
0.01 •.•.F capacitor 
is connected 
to 


this 
pin 
and 
to 
ground 
to 
stabilize 
the 
reference 
amplifier. 


Lower 
values 
of capacitor 
may 
be used if a good 
PC board 
layout 
is used, where 
frequencies 
higher 
than 
10 kHz are ap· 


plied to the reference 
amplifier. 


10,I;; (Pins 14.15) The complementary 
current 
outputs. 
Current 
flow 
is into the DAC and varies Iinearily 
with 'ref and the digital 
input code. lout increases as the digital 
input increases. Output 


compliance 
range is -1.3 
V to + 2.5 V. 


NOTE: 
VEE: - 
5,2 V, - 5°'0 Inputs 
are MECL 10,000 compatible 
within 


the 
temperature 
and 
power 
supply 
ranges 
hsted 
See 
MECL 
System 


Design 
Handbook 
for 
further 
details 
See Fig 
19 in thiS data 
sheet 
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FIGURE 2 - 
PROPAGATION 
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Inverting 
Input IV ref-l 
Test Circuit of Fig. 14 


Noninverting 
Input IV ref+ I 
Test Circuit of Fig. 11 
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Typical DAC Operation 
The MC10318 is designed to be operated with an Iref 


(Pin 12) of 3.2 mA, resulting in a full scale output current 


(10) of 51 mA when DOthrough 
D7 are at a Logical "1" 


(- 0.9 V). The transfer equation for 
10 is therefore: 


10 = Iref X 16 X ~256 
("A" 
is the binary value of the digital input). 


Typically 
Vref 
(Pin 10) is connected to Ground, and 
Iref is supplied to Vref. 
(Pin 12) by means of an external 


supply Vr (see Figure 15). A resistor inserted between 
Pin 10 and Ground will minimize temperature 
drift, and 
should have a value equivalent to that connected to Pin 
12. Any noise or ripple present on the reference current 
will be present on the output current, and the stability 
of the reference directly affects the output current's sta- 
bility. The ground connection 
for Vref 
should be cho- 


sen with 
care so as not to pick up noise (digital 
or 
otherwise). 
The complementary 
outputs 
(10 
and 1;;) 
are high 
impedance current sources having a compliance 
range 


of 3.8 V (- 1.3 to .,.2.5 V). 10increases with increasing 
digital input, while I;; decreases. Their sum is a constant 
equal to 15.94 x Iref. Neither output 
can be left open 
- 
an unused output 
must be connected to ground or 
a load resistor. Typically both outputs should be loaded 
similarly 
for best speed and accuracy performance. 
A 
compensation 
capacitor 
must 
be connected 
between 


Pin 11 and Ground to stabilize the amplifier. 
A 0.01 IJ-F 
ceramic is satisfactory for most applications, and should 
be located physically 
close to the device. The ground 


side of the capacitor 
should 
be noise-free. When op- 


erated as above, the output(s) will be controlled 
by the 


digital inputs, and the MC10318 can be used for various 
functions 
such as waveform 
generation, 
process con- 


trol, ADC conversion, 
and others. 


Digital 
Signal 
"A" 
(EeL level I 
+V,ef /00------07 
\ 


Common 
Mode Range - 
AC Operation 


The reference amplifier 
inputs (Pins 10 and 12) may 
be used to control 
the output 
current 
in conjunction 


Witfl fhe aiglfal 
Inputs tor applications 
such as digitally 


controlled 
gain of an ac signal, digitally 
controlled 
am- 
plitude 
modulation, 
and others. Either the positive or 
negative input of the reference amplifier 
may be used, 


depending 
on the application. 
There are, however, dif- 
ferences in the manner in which 
an ac signal is to be 
applied. 
1) When applying 
a signal to the Vref- 
(Pin 10) input 
(See Figure 16), the signal must be kept within the range 
of 0 to - 2.3 V. The input has a high impedance (typically 
1 Megohm). The Vref. 
pin (Pin 12) will track this signal, 
causing Iref to vary, in turn causing 
10 and I;; to vary. 


The ac component 
of 10 (and 1;;) will be in phase with 
the applied signal. The ac gain of the circuit shown is: 


Applying 
the above to the test circuit 
of Figure 14 
yields a gain of 0.0966, which is the 0 dB reference level 
for the curves of Figures 3-5. 


I 
C 
-= 
-5.2 V 


If the peak values of the applied ac signal cannot be 
kept within 
the above mentioned 
voltage range, an al- 
ternate circuit is shown in Figure 17. 


c, 


-= J:: 
-2V 
~~52 
V 


Ie 
Signal 
(p-p 
or;; 2 V) 


The compensation 
capacitor 
(Pin 11) of Figures 16 
and 17 is to be nominally 
0.01 IJ.Ffor best overall sta- 
bility. If frequencies higher than 10 kHz are to be applied 
to the reference input, a smaller value capacitor will be 
necessary as indicated by Figures 3-5. However, greater 
care will 
be necessary 
in the breadboarding 
and PC 
layout 
to prevent 
instabilities 
caused by unintended 
feedback paths. 
2) When applying 
a signa! to the Vref. 
(Pin 12) input 
(see Figure 18), the effect is a direct modulation 
of the 
reference current 
supplied 
by Vref. Pin 12 is a virtual 
ground, and therefore the current Iref is equal to: 


I 
Vref + Vi 
ref = Aref 
R; 


10 and r;; will vary with the reference current, but the 
ac component 
will be 1800 out of phase with the applied 
signal. The ac gain of the circuit shown is: 


~Vout 
-AxAl 
~=~ 


Applying 
the above to the test circuit 
of Figure 11 
yields a gain of -0.3188, 
which 
is the 0 dB reference 


level for the curves of Figures 6--8. 


The reference current Iref must always flow into Pin 
12, requiring 
that the values of Vref, Aref, Ai, and Vi be 


chosen so as to gu'arantee this. 


The compensation 
capacitor 
(Pin 11) of Figure 18 is 


to be nominally 
0.01 IJ.Ffor best overall stability. 
If fre- 


quencies higher than 4 kHz are to be applied, a smaller 
value capacitor will be necessary as indicated by Figures 
6-8. 
However, 
greater 
care will 
be necessary in the 
breadboarding 
and PC layout 
to prevent 
instabilities 
caused by unintended 
feedback paths. 


The digital 
inputs 
(Pins 1-8) 
are compatible 
with 
MECl 
10,000 series devices over the temperature 
and 
VEE range listed on page 3. Standard MECl 10,000 de- 


sign 
guidelines 
apply, 
and should 
be implemented. 
Maximum 
speed response requires 
careful 
PC board 
layout and choice of components. 
See Motorola's 
MECl 
System Design Handbook for a complete 
explanation 
of specifications 
and characteristics. 
Figure 19 shows 
a typical ECl interconnection 
with recommended 
values 
for optimum 
speed performance. 
Other values of AT 
and Vn 
may be used, but at a slight increase in overall 
propagation 
delay. Unused 
inputs 
should 
not be left 
open, but should 
be connected 
to a logic 
0 ( - 1.8 V), 


or a logic 
1 (- 0.9 V). Aesistors AT should be connected 
at the receiving 
end of the interconnection, 
i.e. physi- 


cally located adjacent to the MC10318 inputs, for best 
speed performance. 


Interfacing 
a TTl 
system to the MC10318 is easily 
accomplished 
by the use of two MC10124 devices (Fig- 
ure 20). 


The MC10318 DAC has been designed specifically for 
high-speed 
operation 
by incorporating 
ECl structured 
inputs, bit switching 
circuits which are small in size and 


III 


simple in operation, 
and high-current 
complementary 
outputs (which permits current steering rather than on- 
off switching). 
In this manner, very short propagation 
delays and settling times are possible. 


Output Glitch 
All DAC's will 
produce a glitch 
at the output 
when 
various bits are switched in opposite directions, due to 
differences 
in transition 
times of the switching transis- 
tors. During the switching 
period, typically 
the output 
current will 
momentarily 
seek a value other than the 
desired final value, and then return to and settle at the 
final value. This glitch can be several LSBs in magni- 
tude, 
but of a very short duration 
(5-6 ns). In some 
instances, the output current may overshoot, and then 
undershoot 
before reaching the final value, resulting in 
a "glitch 
doublet." 
The glitch is most apparent when switching the higher 
order bits, and in the case of the MC10318, the maxi- 
mum glitch generally occurs when switching bit D5 and 
the lower 5 bits (typically 85 LSB·ns). Switching 
bit D6 
and the lower 6 bits produces a similar but slightly 
re- 
duced glitch. Switching 
bit D7 and the seven lower bits 
(major carry transition) 
results in a glitch of typically 50 
LSB·ns, with 
an amplitude 
of 17 LSBs. Switching 
of 
lower order bits while maintaining 
the higher ones con- 
stant produces glitches typically 
of less than 1 LSB in 
magnitude, 
and less than 10 ns in duration, 
and are 
generally not considered to be of significance. 


Glitches can be removed from the output by filtering, 


or by using a sample-and-hold 
circuit on the output. or 
by using de-skewing capacitors on the higher order bits. 
See Fig. 31. 
Output glitch is generally specified in terms of glitch 
energy, which is the area under the curve of the wave- 
form. Most glitches appear as a triangle, and so the area 
is simply'/' 
x t x 
~I, where t is the duration 
of the 
glitch, and III is the amplitude 
normalized 
in terms of 
LSBs. In the case of a glitch doublet, having both pos- 
itive and negative 
amplitude, 
the areas are summed 
algebraically. 
It is possible, therefore to have a glitch 
with zero energy, although having amplitudes of several 
LSB's. 
In applications 
where the output glitch is of concern, 
steps can be taken to minimize its magnitude. The two 
main factors to consider are: 1) That the 8 bits of data 
reach the MC10318 simultaneously; 
and 2) that the PC 
board layout prevent noise from reaching the MC1031a. 


It is obvious that if the updated 8 bits are not received 
by the DAC simultaneously, 
even an ideal DAC will not 
produce an ideal waveform. Where simultaneous trans- 
mission by the sending device(s) cannot be guaranteed 
(such as two cascaded counters), latches should be used 
ahead of the 
MC10318. The latches should 
then 
be 
clocked after their inputs have settled. Suggested latches 
are the MC10133/MC10153/MC10168 
at the ECL level, 


and the SN74LS273 at the TTL level. 


NOTE 
Use Buffer 


or 
FET 
probe 
be- 


Iwee" 
MSB 
and 
Scope Trigger 


Nonlinearity 
Integral nonlinearity 
has been specified, rather than 
differential 
nonlinearity, 
as this is a better indicator 
of 
the maximum error to be expected. Integral nonlinearity 
is measured by comparing 
the actual output 
(at each 
digital 
value) with 
the expected 
ideal value. The ex- 
pected values lie along a straight line between zero and 
the full scale output 
current. The MC10318 series will 
not differ from the ideal value by more than the spec- 
ified nonlinearity. 


PC Board Layout 
A proper PC board layout is very important 
in order 
to obtain the full benefits of the MC10318's high-speed 
characteristics. Each of the current paths (10' ~' 
lEE, Iref, 


etc.) must be carefully considered to avoid interference, 
and isolation 
from other circuits on the board (partic- 
ularly digital) is essential. By-passing of all supplies is, 
of course, necessary, and in some cases, by-passing to 
VEE may be more beneficial than by-passing to Ground. 
Sockets should be avoided as the extra pin-to-pin 
ca- 
pacitance can slow down the ECL edges andlor 
the out- 
put settling 
time. PC board layout should 
include the 
following 
guidelines: 


1) A dedicated ground track from the power supply 
to Pin 16 (Gnd); 


2) A single dedicated ground track from the power 
supply to the two 
load resistors associated with 
10and ~ - 
this results in a constant dc current 
in this track; 
3) A separate ground 
for the circuitry 
associated 
with Vref+, Vref-, 
and Comp (Pins 10-121. Any 
noise on this ground 
will feed through 
the ref- 
erence amplifier 
and show up on the output; 


4) The compensation 
capacitor must be physically 
adjacent to Pin 11; 


5) Bypass VEE (Pin 9) with a 0.1 ILFto the ground 
line feeding the load resistors; 


6) Provide proper terminations 
at the inputs - 
the 
suggested values for RTand VTT will provide best 
speed response; 


7) Bypass VTT to VEE and to Ground with 0.1 J.lF 


capacitors; 


8) If the power 
supplies 
are not on the same PC 
board with the MC10318, bypass VEE and VTT to 
Ground with (minimum) 
10 J.lFand 0.1 J.lFwhere 
the supply voltages enter the PC board; 


9) Use of a ground 
plane is mandatory 
in all high 
speed applications; 


10) Keep all TTL circuitry 
tracks separate from 
the 


MC10318 
by means 
of 
ground 
tracks 
and/or 


ground 
planes. 


Many of the above points have to do with isolating 
the device from all other circuitry, 
since most applica- 
tions involve using the MC10318 (which is 50% analog) 
in a (noisy) digital 
circuit. 
If the output 
voltage 
swing 


is typically 
1 volt, then 1 LSB is approximately 
4 mY. 


Since TTL circuitry 
can easily generate 50 mV noise on 
the ground line, the need for isolation 
is apparent. 


The above points are not the only ones to be consid- 
ered by the designer, as each application 
will have its 
own individual 
additional 
requirements. 


Propagation 
Delay 
The propagation 
delay 
is measured 
from 
the 50% 


point 
of the input transition 
to the 50% point of the 


output 
transition. 
Since the typical 
propagation 
delay 


is on the order of 5 ns, see Figure 21 and the information 
in Settling 
Time if this parameter 
is to be measured. 


Switching 
1 LSB or all of the bits simultaneously 
pro- 


duces no significant 
difference 
in propagation 
delay. 


NOTES: 
1) Pulse generator 
outputs 
- 0.9 V to - 1.8 V, tr and tf 
= 2 ns .. 
2) Adjust vref for full scale output at VA = - 1.3000 V. 
31 Adjust Rl for -1.3075 V at input of lower comparator. 
4) Adjust R2for -1.2925 V at input of upper comparator. 
5) Rl, R2 are 20 turn trimpots. 
6) Keep all wiring 
as short, tidy as possible - 
isolate 


all digital and analog supplies, grounds, signal lines, 
etc. 


7) Heavily bypass all supplies 
at each device, and ref- 
erence (- ) inputs to the comparators. 


8) Comparators 
are 
high-speed 
devices, 
such 
as 
AM687ADL. 


91 Account 
for comparator 
offset when 
setting 
refer- 
ence values. 


Settling Time 
The settling time is defined as the time from the 50% 
point of the input transition 
to the point at which the 
output 
enters into and stays within 
~ Y,lSB (the error 
band) of the final value. Minimum 
settling time occurs 
when the output enters the error band at the maximum 
slew rate, and then settles out within 
the band. In ac- 


tuality, however, the output's slew rate will lessen prior 
to entering the error band, and then may exit and enter 
the band once or twice as it settles to its final value. The 
settling time is determined 
by the last time the output 
enters the error band. See Figure 1. 


When testing for settling time, the measurement tech- 
nique used will 
have an effect on the result. Simply 
connecting 
scope probes to an input and output is gen- 
erally not satisfactory due to the capacitive loading (typ- 
ically 10-20 pF) of the probes. The rise (fall) time of an 
ECl 
input 
can be significantly 
increased 
by such a 
probe, with 
the result that the inputs of the MC10318 
may be skewed from each other, which, in turn, affects 
the output. 
However, 
probes 
with 
low 
input 
capaci- 
tance, on the order of 2 pF or less (such as FET probes), 
can be used with 
very little degradation 
of the wave- 
forms. The overall propagation 
delay of the probe (from 
tip to scope input) must be taken into account, as this 
can be on the order of 10 ns. 


When attempting 
to view the output on a scope, sev- 


eral factors need to be considered. 
If the output swing 
is a full scale transition 
(e.g., 1.0 V). 1 lSB is 3.9 mY. 


The scope's amplifier 
must then be set at a sensitive 
range (5 mV/cm or 10 mV/cm). with the result that the 
scope's amplifier 
will be saturated when the MC10318's 
output is at the initial value. When the device inputs are 
switched, the output approaches the final value, but the 
scope's amplifier 
will 
require some time to come out 
of saturation, 
and then may overshoot. 
causing a false 
indication. 
In order 
to 
overcome 
this 
problem, 
the 


MC10318 was tested for settling time by connecting the 
output to a dual high-speed comparator 
configured 
as 
a window 
detector. The window 
is 1 lSB wide, centered 
about the final value. The outputs of the comparators 
are then monitored 
on a scope, as they indicate when 


the MC10318 output 
is settled within 
the error band. 


Propagation 
delays of the comparators, 
scope probes, 
and cable lengths are taken into account. See Figure 22. 
This method of monitoring 
the DAC's output, although 
indirect, 
does not cause changes to the output wave- 
form 
because of probe loading, 
characteristics 
of the 
scope, or noise which the probe (and cable) may pick 
up. 


Voltage Output 
There are two methods of converting 
the current out- 
put of the MC10318 to voltage outputs, depending 
on 


the 
voltage 
swing 
desired. 
For 
a limited 
range 
«3.8 
V pop) the circuit of Figure 23 can be used. 


v. 
RL 
Vo 
V;; 


OV 
25.5 
0'0 
1.3 V 
-1.3V1OOV 


+2.5 
4. 
+2.5 to 0 v 
010 
+2.5 V 


+2.5 
74.5 
+2.5 to -1.3 
V 
-1.3 to +2.5 V 


+ 1,0 
39 
+1.010 -l.OV 
-1.010 
+1.0V 


Where a larger voltage swing is required, an op amp 
is required at the output. The choice of op amp will be 
based on whether 
accuracy or speed is of primary 
im- 
portance. Where repeatable and stable accuracy is re- 
quired, the op amp characteristics to consider are open- 
loop gain, offset voltage, bias current, and temperature 
drift. Where speed is paramount, 
a wideband 
amplifier 
should be used. Slew rate, propagation 
delay, and set- 


tling time of the op amp are the primary factors to eval- 
uate. The PC board should 
be designed 
for high fre- 
quency operation, possibly using Microstrip or Stripline 
techniques. 
See Figure 24 for a suggested circuit. 


Connecting 
10 and 1;; as shown in the above figures 
places a constant 
dc load (51 mAl on the Vs supply, 
thus 
facilitating 
its design. 
The Gain Adjust 
resistor 
should 
be a 20 turn trimpot, 
as this will result in one 
turn equaling 
approximately 
1 lSB of adjustment 
(for 


the recommended 
values in the figure). All of the re- 
sistors should have similar temperature 
coefficients for 
best temperature 
stability. 
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NOTE: Terminlting 
R"iao,.. 
end Zo mult be metched to 
within 
0.4% 
to keep 
initiel 
reflection 
below 
112 LSB 
in 
mlgnttude. 


NOTES: 
1) When generating 
waveforms 
at low frequencies. fil- 
tering the output 
is recommended 
to smooth out the 
steps. 
2) In many applications. 
bipolar voltage output may be 
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obtained 
by monitoring 
the differential 
voltage at Pins 
14 and 15 (with equal load resistors). 
3) When connecting 
the outputs 
to transmission 
lines 
(See Figures 28 and 29), proper transmission 
line theory 
and techniques must be used for optimum 
performance. 
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Introduction 
In order to facilitate 
evaluation 
of the MC10318 DAC, 
a PC board 
layout 
has been developed 
providing 
the 
appropriate 
signal levels and timing 
requirements. 
The 
board 
is designed 
to 
simultaneously 
evaluate 
the 
MC10315 and the MC10317 flash ADC's in conjunction 
with the MC10318 DAC, and the system is capable of 
passing video speed signals at sampling 
rates of up to 
15 MHz. However, the MCl 0318 may be evaluated alone 
by installing 
only 
the 
appropriate 
components. 
The 
board may be purchased from Motorola 
(blank). or the 
user may make his own from 
the artwork 
shown 
on 
Figures 33 and 34. 


Board Specifications 
Power supply 
requirements: 
+ 15 V (a 100 mA. 
- 
15 V (cl 
120 mA. 


- 5.2 V (a 550 mA. 
+ 5.0 V (it 300 mA. 


Sampling 
clock: 
VIH = - 0.9 V, Vll 
= 
-1.8 
V (ECl 
levels) terminated 
with 50 ohms, 15 MHz max. 


Analog 
Input level: Selectable, see chart. 


Analog Input Impedance: 
Selectable, see chart. 
Output level: 0 to -1.0 
V, user alterable. 


Digital Input levels: (When ADC converters 
are not in- 


cluded) VIH = - 0.9 V, Vil 
= -1.8 
V (ECl levels). 


Operation 
The power supplies 
should 
be connected 
as shown 
in Figure 32. The leads should be short and direct. 


The ClK Input (necessary if the ADC converters and! 


or the latches are used) uses a BNC connector, 
and is 
terminated 
with 50 ohms to ground. 


The Analog 
Input level (if the ADC converters 
are in- 


stalled) 
depends 
on the input 
resistors 
selected 
(see 
chart). The output of the buffer amplifier 
should produce 
a maximum 
4 V POpsignal, or an amplitude 
equal to the 
references (user adjustable). 
The Analog 
Output 
is 0 to -1.0 
V, corresponding 
to 
a digital 
input 
(to the MC10318) of FF and 00 respec- 
tively. Output impedance 
is normally 
20 ohms, but may 
be varied by the user (see previous 
text). 


Options 
Input Signal - 
The Pop voltage 
level of the analog 
input signal (when using the ADC converters) 
is accom- 


modated 
by selection 
of the input 
resistors 
from 
the 
chart (see schematic). 


ALT IN - 
The analog signal may be applied directly 
to the ADC converters 
(by-passing 
the on-board 
ampli- 
fier) by applying 
the input signal to this connector, and 
relocating the jumper adjacent to the Al T IN connector. 
The signal source must be capable of driving 2.5 k ohms 
in parallel with approx. 
140 pF. 


V+ 
OUT - 
A pullup voltage 
(max. +2.5 V) may be 
applied to this connector 
in order to increase the output 
voltage 
swing. 
See the APPLICATIONS section of this 
data sheet. The 20 ohm 
load resistors 
may then 
be 
changed to other values. The jumper 
adjacent to the A 
OUT connector 
must be relocated. 


Evaluating 
the MC10318 only - 
Only those compo- 
nents within 
the dotted 
line on the schematic 
are re- 
quired. The digital 
inputs (ECl level) are to be applied 
to 
a connector 
strip 
located 
in 
pins 
15-22 
of the 
MC10317 position. 
+15 V and -5.2 
V supplies are re- 
quired. The latches transfer the information 
on the ris- 
ing edge of the clock. 


Video Testing 
The above described 
printed 
circuit 
board has been 
tested, with a standard video test signal, for differential 
phase and differential 
gain (40 IRE sub-carrier 
on a 100 
IRE ramp, sampled at 14.3 MHz) with results of 1% gain 
error and 2' phase error. The signal was obtained from 
a Tektronix 
147A video test generator, 
applied 
to the 
AlT 
IN connector. 
The output 
(of the MC10318) was 
configured 
into a 75 ohm output 
impedance, 
and ap- 
plied to a vector scope. 


Tests conducted 
with the Evaluation 
Board in a video 
system 
(video camera and a TV monitor) 
showed 
no 
visible degradation 
of picture quality 
(at 8 bits resolu- 
tion). The board provides an easy means of testing pic- 
ture quality at reduced number of bits, or for conducting 
any test on a digitized 
video signal. 
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Specifications 
and Applications 
Information 


HIGH SPEED 
8-BIT ANALOG-TO-DIGITAL 
CONVERTER 


The MC10319 is an 8-bit high speed parallel flash AID converter. 


The device employs 
an internal 
Grey code structure 
to eliminate 
large output 
errors 
on fast slewing 
input 
signals. 
It is fully 
TIL 
compatible, 
requiring 
a + 5.0 V supply and a wide tolerance 
neg- 
ative supply 
of 
-3.0 
to 
-6.0 
V. Three-state 
TIL 
outputs 
allow 
direct drive of a data bus or common 
I/O memory. 


The MC10319 contains 
256 parallel 
comparators 
across a pre- 
cision 
input 
reference 
network. 
The comparator 
outputs 
are fed 
to latches and then to an encoder 
network, 
to produce 
an 8-bit 
data by1e plus an overrange 
bit. The data is latched and converted 
to 3-state LS-TIL 
outputs. 
The overrange 
bit is always active to 
allow 
for either 
sensing 
of the overrange 
condition 
or ease of 
interconnecting 
a pair of devices to produce a 9-bit AID converter. 


Applications 
include Video Display and Radar processing, 
high 
speed instrumentation 
and TV Broadcast encoding. 


• 
Internal 
Grey Code for Speed and Accuracy, 
Binary Outputs 


• 
8-Bit Resolution/9-Bit 
Typical Accuracy 


• 
Easily Interconnected 
for 9-Bit Conversion 


• 
3-State LS-TTL Outputs with True and Complement 
Enable 
Inputs 


• 
25 MHz Sampling 
Rate 


• 
Wide Input Range: 1.0-2.0 
Vp_p Between 
±2.0 V 


• 
Low Input Capacitance: 
50 pF 


• 
Low Power Dissipation: 
618 mW 


• 
No Sample/Hold 
Required for Video Bandwidth 
Signals 


• 
Single Clock Cycle Conversion 


GNO 
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HIGH SPEED 
8-BIT ANALOG- TO-DIGITAL 
FLASH CONVERTER 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 623-05 


Over- 


Range 
(3) 


07 (4) 


06 (5) 


05 (6) 


D4 (7) 


03 18) 


02 (9) 


01 ('0) 


DO 1211 


PIN DIAGRAM 


VRM 
VRT 


GNO 
VR8 


OVER- 
GNO 
RANGE 


DO 


EN 


EN 


CLOCK 


GNO 


0' 


GNO 


Temperature 
Range 


O· to +70·C 


Parameter 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC(A),(D} 
+7.0 
Vdc 


VEE 
-7.0 


Positive 
Supply 
Voltage 
Differential 
VCC(D)- 
-0.3 
to 
+0.3 
Vdc 


VCC(A) 


Digital 
Input 
Voltage 
(Pins 
18-20) 
VI(D) 
-0.5to+7.0 
Vdc 


Analog 
Input 
Voltage 
(Pins 
1, 14, 23, 24) 
VilA) 
-2.5to 
+2.5 
Vdc 


Reference 
Voltage 
Span 
(Pin 24-Pin 
23) 
- 
2.3 
Vdc 


Applied 
Output 
Voltage 
(Pins 4-10, 
21 in 3·State) 
- 
-0.3to 
+ 7.0 
Vdc 


Junction 
Temperature 
TJ 
+150 
°c 


Storage 
Temperature 
TStQ 
-65to 
+ 150 
°c 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Voltage 
(Pin 15) 
VCC(A) 
+4.5 
+5.0 
+5.5 
Vdc 
(Pins 
11, 17) 
VCC(D) 


VCC(D) 
- 
VCC(A) 
ilVCC 
-0.1 
0 
+0.1 
Vdc 


Power 
Supply 
Voltage 
(pin 
13) 
VEE 
-6.0 
-5.0 
-3.0 
Vdc 


Digital 
Input 
Voltages 
(Pins 
18-20) 
VIID) 
0 
- 
+5.0 
Vdc 


Analog 
Input 
(Pin 14) 
VI(A) 
-2.1 
- 
+2.1 
Vdc 


Voltage 
@ VRT (Pin 24) 
VRT 
-1.0 
- 
+2.1 
Vdc 


Voltage 
@ VRB (Pin 23) 
VRB 
-2.1 
- 
+1.0 
Vdc 


VRT 
- 
VRB 
ilVR 
+ 1.0 
- 
+2.1 
Vdc 


VRB 
- 
VEE 
- 
1.3 
- 
- 
Vdc 


Applied 
Output 
Voltage 
(Pins 4- 10, 21 in 3·State) 
Va 
0 
- 
5.5 
Vdc 


Clock 
Pulse Width 
- 
High 
tCKH 
5.0 
20 
- 
ns 
Low 
tCKl 
15 
20 
- 


Clock 
Frequency 
fClK 
0 
- 
25 
MHz 


Operating 
Ambient 
Temperature 
TA 
0 
- 
+70 
'c 


ELECTRICAL 
CHARACTERISTICS 
(0° < TA < 70°C, VCC ~ 5.0 V, VEE ~ 
- 5.2 V, VRT 
~ 
+ 1.0 V, VRB ~ 
- 1.0 V, except 


where 
noted.) 


Resolution 
N 
- 
I 
- 
I 
8.0 
Bits 


Monotonicity 
MON 
Guaranteed 
Bits 


Integral 
Nonlinearity 
INl 
- 
±1/4 
:t1.0 
lSB 


Differential 
Nonlinearity 
DNl 
- 
- 
±1.0 
lSB 


Differential 
Phase (See Figure 
16) 
DP 
- 
1.0 
- 
Deg. 


Differential 
Gain 
(See Figure 
16) 
DG 
- 
1.0 
- 
% 


Power 
Supply 
Rejection 
Ratio 
PSRR 
lSBN 
(4.5 V < VCC < 5.5 V, VEE ~ 
-5.2 
V) 
- 
0.1 
- 
(-6.0 
V < VEE < -3.0 
V, VCC = 
+5.0 
V) 
- 
0 
- 


ELECTRICAL 
CHARACTERISTICS 
- 
continued 
10· < TA < 70·C, VCC = 5.0 V, VEE 
~ 
- 5.2 V, VRT = 
+ 1.0 V, 


VRB 
~ 
- 1.0 V, except 
where 
noted.) 


Parameter 
Symbol 
I 
Min 
Typ 
Max 
Unit 


Input 
Current 
@ Vin 
~ VRB (See 
Figure 
5) 
IINL 
-100 
0 
- 
/LA 


Input 
Current 
@; Vin = VRT ISee 
Figure 
51 
IINH 
- 
60 
150 
/LA 


Input 
Capacitance 
(VRT 
- 
VRB = 2.0 V, See Figure 
41 
Cin 
- 
36 
- 
pF 


Input 
Capacitance 
(VRT 
- 
VRB 
~ 
1.0 V, See Figure 
4) 
Cin 
- 
55 
- 
pF 


Bipolar 
Offset 
Error 
VOS 
- 
0.1 
- 
LSB 


Ladder 
Resistance 
(VRT to VRB, TA 
~ 
25·C) 
Rret 
104 
130 
156 
n 


Temperature 
Coefficient 
TC 
- 
+0.29 
- 
o/orc 


Ladder 
Capacitance 
(Pin 
1 open) 
Cret 
- 
25 
- 
pF 


Input 
Voltage 
- 
High 
IPins 
19-20) 
VIHE 
2.0 
- 
- 
V 


Input 
Voltage 
- 
Low 
(Pins 
19-201 
VILE 
- 
- 
0.8 
V 


Input 
Current 
«i 2.7 V 
IIHE 
- 
0 
20 
/LA 


Input 
Current 
<!t 0.4 V <!t EN 10 < EN < 5.0 VI 
IILl 
-400 
-100 
- 
/LA 


Input 
Current 
«i 0.4 V @. EN (EN 
~ 
0 V) 
IIL2 
-400 
-100 
- 
/LA 


Input 
Current 
@. 0.4 V @. EN (EN = 2.0 V) 
IIL3 
-20 
-2.0 
- 
/LA 


Input 
Clamp 
Voltage 
(11K = 
-18 
mAl 
VIKE 
-1.5 
-1.3 
- 
V 


Input 
Voltage 
High 
VIHC 
2.0 
- 
- 
Vdc 


Input 
Voltage 
Low 
VILC 
- 
- 
0.8 
Vdc 


Input 
Current 
(a 0.4 V (See 
Figure 
7) 
IILC 
-400 
-80 
- 
/LA 


Input 
Current 
@ 2.7 V (See 
Figure 
7) 
IIHC 
-100 
-20 
- 
/LA 


Input 
Clamp 
Voltage 
(11K = - 18 mAl 
VIKC 
-1.5 
-1.3 
- 
Vdc 


High 
Output 
Voltage 
(lOH = - 400 /LA, VCC = 4.5 V, See Figure 
8) 
VOH 
2.4 
3.0 
- 
V 


Low 
Output 
Voltage 
(lOL = 4.0 mA, 
See Figure 
9) 
VOL 
- 
0.35 
0.4 
V 


Output 
Short 
Circuit 
Current" 
(VCC = 5.5 V) 
ISC 
- 
35 
- 
mA 


Output 
Leakage 
Current 
(0.4 < Vo < 2.4 V, See Figure 
3, 
ILK 
-50 
- 
+50 
/LA 
VCC 
~ 
5.5 V, DO-D7 
in 3-State 
Model 


Output 
Capacitance 
(DO-D7 
in 3-State 
Model 
Cout 
- 
9.0 
- 
pF 


VCC(A) 
Current 
(4.5 V < VCC(AI 
< 5.5 V) (Outputs 
unloadedl 
ICCIA) 
10 
17 
25 
mA 


VCC(D) 
Current 
(4.5 V < VCC(DI < 5.5 V) (Outputs 
unloadedl 
ICCID) 
50 
90 
133 
mA 


VEE Current 
(- 
6.0 V < VEE < - 3.0 V) 
lEE 
-14 
-10 
-6.0 
mA 


Power 
Dissipation 
IVRT 
- 
VRB = 2.0 VI (Outputs 
unloaded) 
PD 
- 
618 
995 
mW 


TIMING 
CHARACTERISTICS 
(TA 
~ 25°C, VCC ~ 
+5,0 
V, VEE = 


See System 
Timing 
Diagram.) 


Parameter 


Min Clock 
Pulse Width 
- 
High 
tCKH 
- 
5.0 
- 
ns 


Min Clock 
Pulse Width 
- 
Low 
tCKL 
- 
15 
- 
ns 


Max Clock 
Rise, Fall Time 
tR,F 
- 
100 
- 
ns 


Clock 
Frequency 
fCLK 
0 
30 
25 
MHz 


New 
Data Valid 
from 
Clock 
Low 
tCKDV 
- 
19 
- 
ns 


Aperture 
Delay 
tAD 
- 
4.0 
- 
ns 


Hold Time 
tH 
- 
6.0 
- 
ns 


Data High to 3-State 
from 
Enable 
Low' 
tEHZ 
- 
27 
- 
ns 


Data Low to 3-State 
from 
Enable 
Low' 
tELZ 
- 
18 
- 
ns 


Data High to 3-State 
from 
Enable 
High' 
tEHZ 
- 
32 
- 
ns 


Data Low to 3-State 
from 
Enable 
High' 
tELZ 
- 
18 
- 
ns 


Valid 
Data from 
Enable 
High (Pin 20 ~ 0 V)' 
tEDV 
- 
15 
- 
ns 


Valid 
Data from 
Enable 
Low (Pin 19 ~ 5.0 V)' 
tEDV 
- 
'6 
- 
ns 


Output 
Transition 
Time' 
(10%-90%) 
ttr 
- 
8.0 
- 
ns 


Symbol 
Pin 
Description 


VRM 
1 
The 
midpoint 
of the reference 
resistor 
ladder. 
Bypassing 
can be 
done 
at this point 
to improve 
performance 
at high frequencies. 


GND 
2,12 
Power 
supply 
and signal 
ground. 
The four pins should 
be connected 
16,22 
directly 
together, 
and through 
a low 
impedance 
to the power 
supply. 


OVR 
3 
Overrange 
output. 
Indicates 
Vin is more 
positive 
than 
VRT·1/2 
LSB. 


This output 
does 
not have 3-state 
capability. 


07-00 
4-10, 
Digital 
Outputs. 
07 (Pin 4) is the MSB, DO (Pin 21) is the LSB. LSTTL 
21 
compatible 
with 
3-state 
capability. 


VCC(D) 
11,'7 
Power 
supply 
for the digital 
section. 
+5.0 
V. ± 10% required. 


VEE 
13 
Negative 
Power 
supply. 
Nominally 
- 5.2 V, it can range from 
-3.0 
to 
- 6.0 V, and must 
be more 
negative 
than 
VRB by > 1.3 V. 


Vin 
14 
Signal 
voltage 
input. 
This voltage 
is compared 
to the reference 
to 
generate 
a digital 
equivalent. 
Input 
impedance 
is nominally 
16-33 
kO in parallel 
with 
36 pF. 


VCC(AI 
15 
Power 
supply 
for the analog 
section. 
+ 5.0 V, ±, 0% required. 


CLK 
18 
Clock 
input. 
TTL compatible. 


EN 
19 
Enable 
input. 
TTL compatible, 
a Logic 
"1" 
(and Pin 20 a Logic 
"0") 
enables 
the data outputs. 
A Logic 
"0" 
puts the outputs 
in a 3-state 
mode. 


EN 
20 
Enable 
input. 
TTL compatible, 
a Logic 
"0" 
(and Pin 19 a Logic 
"''') 
enables 
the data outputs. 
A Logic 
"'" 
puts the outputs 
in a 3-state 
mode. 


VRB 
23 
The bottom 
(most 
negative 
point) 
of the internal 
reference 
resistor 
ladder. 


VRT 
24 
The top (most 
positive 
point) 
of the internal 
reference 
resistor 
ladder. 
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1.5 V 
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SUPPLY 
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versus 
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INTRODUCTION 


The MC10319 is a high-speed, B-bit, parallel ("Flash") 
type 
analog-to-digital 
converter 
containing 
256 com- 
parators at the front end. See Figure 17 for a block dia- 
gram. The comparators 
are arranged such that one in- 
put of each is referenced 
to evenly spaced voltages, 


derived 
from 
the reference resistor 
ladder. The other 
input of the comparators 
is connected to the input signal 
(Vin). Some of the comparator's 
differential 
outputs will 
be "true," 
while other comparators 
will have "not true" 
outputs, depending on their relative position. Their out- 
puts are then latched, and converted 
to an B-bit Grey 
code by the Differential 
Latch Array. The Grey code en- 
sures any input errors due to cross talk, feed-thru, 
or 
timing disparaties, result in glitches at the output of only 
a few LSBs, rather than the more traditional 
12 scale 
and 1/4 scale glitches. 


The Grey code is then translated 
to an B-bit binary 
code, and the differential 
levels are translated 
to TTL 
levels before being applied to the output 
latches. EN- 
ABLE inputs at this final stage permit the TTL outputs 
(except Overrange) 
to be put into a high impedance 
(3-state) condition. 


SIGNAL 
INPUT 


The signal 
voltage 
to be digitized 
(Vin) is applied 


simultaneously 
to one input of each of the 256 com- 


parators through 
Pin 14. The other inputs of the com- 


parators are connected 
to 256 evenly spaced voltages 
derived from the reference ladder. The output code de- 
pends on the relative 
position 
of the input signal and 
the 
reference 
voltages. 
The comparators 
have 
a 
bandwidth 
of >50 MHz, which is more than sufficient 
for the allowable 
(Nyquist 
theory) 
input frequency 
of 
12.5 MHz. 


The current into Pin 14 varies linearly from 0 (when 
Vin = VRB) to =60 /-LA (when Vin = VRT)· If Vin is taken 
below VRB or above VRT, the input current will remain 
at the value corresponding 
to VRB and VRT respectively 
(see Figure 5). However, Vin must be maintained within 
the absolute 
range 
of 
:!: 2.5 volts 
(with 
respect 
to 
ground) 
- 
otherwise 
excessive currents will result at 


Pin 14, due to internal clamps. 


The input capacitance at Pin 14 is typically 
36 pF if 
[VRT - 
VRB] is 2.0 volts, and increases to 55 pF if [VRT 
- 
VRB] is reduced to 1.0 volt (see Figure 4). The ca- 
pacitance is constant 
as Vin varies from VRT down to 


=0.1 volt above VRB. Taking Vin to VRB will show an 
increase in the capacitance 
of =50%. 
If Vin is taken 
above VRT, or below VRB, the capacitance will stay at 
the values corresponding 
to VRT and VRB, respectively. 
The source impedance 
of the signal voltage 
should 
be maintained 
below 
100 n (at the frequencies 
of in- 
terest) in order to avoid sampling errors. 


REFERENCE 


The reference resistor ladder is composed of a string 
of equal value resistors 
so as to provide 
256 equally 
spaced voltages for the comparators 
(see Figure 17 for 
the actual configuration). 
The voltage 
difference 
be- 
tween adjacent comparators 
corresponds 
to 1 LSB of 
the input range. The first comparator 
(closest to VRB) 
is referenced 
1/2 LSB above VRB, and the 256th com- 
parator (for the overrange) is referenced 1/2 LSB below 
VRT- The total resistance of the ladder is nominally 
130 
n, :!: 20%, requiring 
15.4 mA ([L 2.0 volts, and 7.7 mA @ 


1.0volt. There is a nominal warm-up change of = + 9.0% 
in the ladder resistance due to the + 0.29%?C temper- 
ature coefficient. 


The minimum 
recommended 
span [VRT - 
VRB] is 
1.0 volt. A lower span will allow offsets and nonlinear- 
ities 
to become 
significant. 
The maximum 
recom- 
mended span is 2.1 volts due to power limitations 
of 
the resistor ladder. The span may be anywhere within 
the range of - 2.1 to + 2.1 volts with respect to ground, 
and VRB must be at least 1.3 volts more positive than 
VEE. The reference voltages must be stable and free of 
noise and spikes, since the accuracy of a conversion 
is 
directly related to the quality of the reference. 


In most applications, 
the reference voltages will re- 
main fixed. In applications 
involving a varying reference 
for modulation 
or signal 
scrambling, 
the modulating 
signal may be applied to VRT, or VRB, or both. The out- 
put will vary inversly with the reference signal, intro- 
ducing a nonlinearity 
into the transfer function. The ad- 
dition of the modulating 
signal and the dc level applied 
to the reference must be such that the absolute voltage 
at VRT and VRB are maintained within the values listed 
in the Recommended Operating Limits. The RMS value 
of the span must be maintained 
,,;2.1 volts. 
VRM (Pin 1) is the midpoint 
of the resistor 
ladder, 
excluding 
the Overrange 
comparator. 
The voltage 
at 
VRM is: 


VRT + 
VRB 
_ 
1/2 LSB 


2.0 


In most applications, 
bypassing this pin to ground (0.1 


/-LF)is sufficient 
to maintain 
accuracy. In applications 
involving 
very high frequencies, 
and where linearity 
is 
critical, it may be necessary to trim the voltage at the 
midpoint. 
A means for accomplishing 
this is indicated 
in Figure lB. 


POWER SUPPLIES 


VCC(A) (Pin 15) is the positive power supply for the 
comparators, 
and VCC(D) (pins 11, 17) is the positive 
power supply for the digital portion. Both are to be + 5.0 
volts, 
:!: 10%, and the two are to be within 
100 millivolts 
of each other. There is indirect 
internal 
coupling 
be- 
tween VCC(D) and VCC(A). If they are powered 
sepa- 
rately, and one supply fails, there will be current flow 
through 
the MC10319 to the failed supply. 
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clock frequency 
or with 
Vin. It does vary linearly 
with 
VCC(A). ICC(D) is nominally 
90 mA, and is independent 
of clock frequency. 
It does vary, however, 
by 6-7 
mA 
as Vin 
is changed, 
with 
the 
lowest 
current 
occuring 
when Vin = VRT It varies linearly with VCC(D)· 
VEE is the negative power supply for the comparators, 
and is to be within 
the range 
- 3.0 to 
- 6.0 volts. Ad- 
ditionally, 
VEE must be at least 1.3 volts more negative 
than VRB. lEE is a nominal 
-10 
mA, and is independent 
of clock frequency, 
Vin, and VEE. 


For proper operation, 
the supplies must be bypassed 
at the IC. A 10 ILF tantalum, 
in parallel 
with 
a 0.1 ILF 
ceramic 
is recommended 
for each supply to ground. 


CLOCK 


The Clock input (Pin 18) is TTL compatible 
with a typ- 
ical frequency 
range of 0 to 30 MHz. There is no duty 
cycle limitation, 
but the minimum 
low and high times 
must be adhered to. See Figure 7 for the input current 
requirements. 
The conversion 
sequence is shown 
in Figure 19, and 
is as follows: 


• 
On the rising edge, the data output latches are latched 
with old data, and the comparator 
output 
latches are 
released to follow 
the input signal (Vin). 


• 
During the high time, the comparators 
track the input 
signal. The data output 
latches retain the old data. 


• 
On the 
falling 
edge, 
the 
comparator 
outputs 
are 
latched with the data immediately 
prior to this edge. 


The conversion 
to digital 
occurs within 
the device, 


and the data output 
latches are released to indicate 
the new data within 
20 ns. 


• 
During 
the clock low time, the comparator 
outputs 
remain 
latched, and the data output 
latches remain 
transparent. 


A summary 
of the sequence 
is that data present 
at 
Vin just prior to the Clock falling 
edge is digitized 
and 
available 
at the 
data outputs 
immediately 
after 
that 
same falling 
edge. 


wi~h ~n-;ff~~;i;e-~~';; 
~i;-~'nd~h-~'ld-f:~;ti~~: 
ei'i;;;i~~;i~~ 
the need for an external 
sample-and-hold. 


ENABLE 
INPUTS 


The two Enable inputs (Pins 19, 20) are TTL compat- 
ible, and are used to change the data outputs 
(07-00) 
from active to 3-state. This capability 
allows cascading 
two 
MC10319s into a 9-bit configuration, 
flip-flopping 
two MC10319s into a 50 MHz configuration, 
connecting 
the outputs directly to a data bus, multiplexing 
multiple 
converters, 
etc. See the Applications 
Information 
sec- 
tion for more details. For the outputs 
to be active, Pin 
19 must be a Logic "1," and Pin 20 must be a Logic "0." 
Changing either input will put the outputs 
into the high 
impedance 
mode. 
The Enable 
inputs 
affect 
only 
the 
state of the outputs - 
they do not inhibit a conversion. 
The input current into Pins 19 and 20 is shown in Figure 
6, and the input - 
output 
timing 
is shown 
in Figure 1 
and 20. Leaving either pin open is equivalent 
to a Logic 
"1," 
although 
good design practice dictates that an in- 
put should 
never be left open. 
The Overrange 
output 
(Pin 3) is not affected 
by the 
Enable inputs as it does not have 3-state capability. 


OUTPUTS 


The data outputs (Pins 4-10,21) 
are TTL level outputs 
with high impedance 
capability. 
Pin 4 is the MSB (07), 
and Pin 21 is the LSB (DO).The eight outputs 
are active 
as long as the Enable inputs 
are true (Pin 19 = high, 
Pin 20 = low). The timing 
of the outputs 
relative to the 
Clock input and the Enable inputs is shown 
in Figures 
1 and 20. Figures 8 and 9 indicate 
the output 
voltage 
versus load current, while Figure 3 indicates the leakage 
current when in the high impedance 
mode. 


The output code is natural binary, depicted in the table 
below. 
The Overrange 
output 
(Pin 3) goes high when the in- 
put, Vin, is more 
positive 
than VRT 
- 
1/2 LSB. This 
output 
is always active - 
it does not have high imped- 
ance capability. 
Besides being used to indicate an input 
overrange, 
it is additionally 
used for 
cascading 
two 
MC10319s to form a 9-bit AID converter 
(see Figure 27). 


VRT, VRB (volts) 
Output 
Input 
2.048V, 0 V 
+1.0V, 
-1.0V 
+1.0V,OV 
Code 
Overrange 


>VRT - 
1/2 LSB 
>2.044 V 
>0.9961 V 
>0.9980 V 
FFH 
1 
VRT - 
1/2 LSB 
2.044V 
0.9961V 
0.9980V 
FFH 
0~1 
VRT - 
1 LSB 
2.040V 
0.992V 
0.9961V 
FFH 
0 
VRT - 
1-1/2LSB 
2.036V 
0.988V 
0.9941V 
FEH~ FFH 
0 
Midpoint 
1.024V 
0.000 V 
0.5000V 
80H 
0 
VRB + 1/2 LSB 
4.0 mV 
-0.9961 V 
1.95mV 
DOH~ 01H 
0 


<VRB 
<0 V 
<-1.0V 
<0 V 
DOH 
0 


POWER SUPPLIES, 
GROUNDING 


The PC board layout, 
and the quality 
of the power 
supplies and the ground 
system at the IC are very im- 
portant in order to obtain proper operation. 
Noise, from 
any source, coming 
into the device on VCC, VEE, or 
ground 
can cause an incorrect 
output 
code due to in- 
teraction 
with the analog portion 
of the circuit. At the 
same time, 
noise generated 
within 
the MC10319 can 
cause incorrect 
operation 
if that noise does not have a 
clear path to ac ground. 
Both 
the 
VCC and 
VEE power 
supplies 
must 
be 
decoupled to ground at the IC (within 
1" max) with a 10 
JLFtantalum 
and a 0.1 JLFceramic. Tantalum capacitors 
are recommended 
since electrolytic 
capacitors 
simply 
have too much inductance at the frequencies of interest. 
The quality 
of the VCC and VEE supplies 
should then 
be checked at the ICwith a high frequency scope. Noise 
spikes (always present when digital circuits are present) 
can easily exceed 400 mV peak, and if they get into the 
analog portion of the IC,the operation can be disrupted. 
Noise can be reduced by inserting 
resistors and/or in- 
ductors between the supplies and the IC. 
If switching 
power supplies are used, there will usu- 
ally be spikes of 0.5 volts or greater at frequencies 
of 
50-200 kHz. These spikes are generally more difficult to 
reduce because of their greater energy content. 
In ex- 
treme 
cases, 
3-terminal 
regulators 
(MC78L05ACP, 


MC7905.2CT), with appropriate 
high frequency filtering, 
should be used and dedicated to the MC10319. 


The ripple content 
of the supplies 
should 
not allow 
their 
magnitude 
to exceed the values 
in the Recom- 
mended Operating 
Limits. 
The PC board tracks supplying 
VCC and VEE to the 
MC10319 should preferably 
not be at the tail end of the 
bus distribution, 
after passing through 
a maze of digital 
circuitry. 
The MC10319 should 
be close to the power 
supply, or the connector where the supply voltages en- 
ter the board. If the VCC and VEE lines are supplying 
considerable 
current to other parts of the boards, then 
it is preferable to have dedicated lines from the supply 
or connector 
directly to the MC10319. 


The four ground pins (2, 12, 16,22) must be connected 
directly together. Any long path beween them can cause 
stability 
problems 
due to the inductance 
(<125 MHz) of 
the PC tracks. The ground 
return for the signal source 
must be noise free. 


REFERENCE VOLTAGE 
CIRCUITS 


Since the accuracy of the conversion is directly related 
to the quality of the references, it is imperative 
that ac- 
curate and stable voltages be provided to VRT and VRB· 
If the reference span is 2 volts, then 1/2 LSB is only 3.9 
millivolts, 
and it is desireable that VRT and VRB be ac- 


curate to within this amount. and furthermore, 
that they 
do not drift more than this amount 
once set. Over the 
temperature 
range of 0 to 70°C, a maximum 
tempera- 


ture coefficient 
of 28 ppmrC 
is required. 
The voltage 
supplies 
used for digital 
circuits should 
preferably not be used as a source for generating 
VRT 
and VRB, due to the noise spikes (50-400 mV) present 
on the supplies 
and on their 
ground 
lines. Generally 


± 15volts, or ± 12volts, are available for analog circuits, 
and are usually 
clean compared 
to supplies 
used for 
digital circuits, although 
ripple may be present in vary- 
ing amounts. 
Ripple is easier to filter out than spikes, 


however, and so these supplies are preferred. 


Figure 21 depicts a circuit which can provide an ex- 
tremely 
stable voltage 
to VRT at the current 
required 
(the maximum 
reference current is 19.2 mA 0'2.0 volts). 
The MC1400 and MC1403 series of reference sources 
have very low temperature 
coefficieRts, good noise re- 
jection, and a high initial accuracy, allowing 
the circuit 
to be built without 
an adjustment 
pot if the VRT voltage 
is to remain fixed at one value. Using 0.1% wirewound 
resistors for the divider provides sufficient accuracy and 
stability 
in many cases. Alternately, 
resistor 
networks 
provide 
high ratio accuracies, 
and close temperature 
tracking. 
If the application 
requires VRT to be changed 
periodically, 
the two resistors can be replaced with a 20 
turn, cermet potentiometer. 
Wirewound 
potentiometers 
should not be used for this type of application 
since the 
pot's slider jumps from winding 
to winding, 
and an ex- 
act setting can be difficult 
to obtain. Cermet pots allow 
for a smooth continuous 
adjustment. 
In Figure 21, R1 reduces the power dissipation 
in the 
transistor, 
and can be carbon composition. 
The 0.1 iLF 
capacitor 
in the feedback path provides stability 
in the 
unity gain configuration. 
Recommended 
op amps are: 
LM358, MC34001 series, LM308A, LM324, and LM11C. 
Offset drift is the key parameter to consider in choosing 
an op amp, and the LM308A has the lowest drift of those 
mentioned. 
Bypass capacitors are not shown in Figure 
21, but should always be provided 
at the input to the 
2.5 volt reference, and at the power supply pins of the 
op amp. 
Figure 22 shows a simpler and more economical 
cir- 
cuit, using the LM317LZ regulator, but with lower initial 
accuracy and temperature 
stability. The op amp/current 
booster is not needed since the LM317LZ can supply the 
current directly. 
In a well controlled 
environment, 
this 
circuit will suffice for many applications. 
Because of the 
lower initial accuracy, an adjustment 
pot is a necessity. 
Figure 23 shows two circuits for providing the voltage 
to VRB. The circuits are similar 
to those of Figures 21 
and 22, and have similar 
accuracy 
and stability. 
Al- 
though 
the MC1400G2 is meant to provide 
a positive 
voltage, it can be configured 
to provide a negative reg- 
ulated voltage by grounding 
the input and output, and 
deriving the regulated voltage at the ground pin (Pin 41. 
The MC1403 series of regulators cannot be used in this 
manner. The output transistor 
is a PNP in this case since 
the circuit must sink the reference current. 


• 


VIDEO APPLICATIONS 


The MC10319 is suitable for digitizing 
video signals 


directly without 
signal conditioning, 
although the stan- 
dard 1 volt POpvideo signal can be amplified 
to a 2.0 
volt 
Pop signal for slightly 
better accuracy. Figure 24 
shows the input (top trace I and reconstructed output of 
a standard NTSC test signal, sampled at25 MSPS, con- 
sisting of a sync pulse, 3.58 MHz color burst, a 3.58 MHz 
signal in a Sin2x envelope, a pulse, a white level signal, 
and a black level signal. Figure 25 shows a Sin2x pulse 
that has been digitized 
and reconstructed 
at 25 MSPS. 
The width of the pulse is =450 ns at the base. Figure 26 
shows an application 
circuit for digitizing 
video. 


9-BIT AID CONVERTER 


Figure 27 shows 
how two 
MC10319s can be con- 


nected to form a 9-bit converter. 
In this configuration, 


the outputs (07-001 of the two 8-bit converters are par- 
alleled. The outputs of one device are active, while the 
outputs of other are in the 3-state mode. The selection 
is made 
by the OVERRANGE 
output 
of the 
lower 
MC10319, which controls Enable inputs on the two de- 
vices. Additionally, 
this output provides the 9th bit. 


The reference ladders are connected 
in series, pro- 
viding the 512 steps required for 9 bits. The input volt- 
age range is determined 
by VRT of the upper MC10319, 


and VRB of the lower device. A minimum 
of 1.0 volt is 
required across each converter. The 500 n pot (20 turn 
cermet) allows for adjustment of the midpoint 
since the 
reference resistors of the two 
MC10319s may not be 
identical in value. Without the adjustment, 
a non-equal 
voltage division 
would 
occur, resulting 
in a nonlinear 


conversion. 
If the 
references 
are to 
be symmetrical 
about ground 
le.g., 
:!: 1.0 volt). the adjustment 
can be 


eliminated, 
and the midpoint 
connected to ground. 
The use of latches on the outputs 
is optional, 
de- 


pending on the application. 


50 MHz, 8·BIT AID CONVERTER 


Figure 28 shows 
how two 
MC10319s can be con- 


nected together 
in a flip-flop 
arrangement 
in order to 
have an effective 
conversion 
speed of 50 MHz. The 
74F74 D-type flip-flop 
provides a 25 MHz clock to each 
converter, and at the same time, controls the ENABLES 
so as to alternately enable and disable the outputs. The 
Overranges do not have 3-state capability, and so can- 
not be paralleled. 
Instead they are OR'd together. The 


use of latches is optional, 
and depends on the appli- 
cation. Data should 
be latched, or written 
to RAM (in 
a DMA operation). 
on the high-to-Iow 
transition 
of the 
50 MHz clock. 


NEGATIVE VOLTAGE REGULATOR 


In the cases where a negative 
power supply 
is not 
available - 
neither the - 3.0 to - 6.0 volts, nor a higher 
negative voltage from which to derive it - 
the circuit 
of Figure 29 can be used to generate 
- 5.0 volts from 
the + 5.0 volts supply. The PC board space required is 
small (=2.0 in2). and it can be located physically close 
to the MC10319. The MC34063 is a switching 
regulator, 


and in Figure 29 is configured 
in an inverting 
mode of 
operation. 
The regulator 
operating 
specifications 
are 
given in the Figure. 


Video 
Signal 


Isee 
Below) 


FIGURE 
16 - 
DIFFERENTIAL 
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AND 
GAIN 
TEST 


HDs-1250 
12 Bit D/A 
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levels as shown above. 
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MC10319 
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to input. 
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each 
IRE level 
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2.5 V References 
MC1400G2 
MC1403U 
MC1403AU 


Line Regulation 
1.0 mV 
0.5 mV 
0.5 mV 


TC (ppmrC) 
max 
25 
40 
25 


,Wout 
for 0-70·C 
4.4 mV 
7.0 mV 
4.4 mV 


Initial Accuracy 
±O.2% 
±1% 
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NOTES: 1) MC34080's powered from ± 15 V 
supplies. MC34083 (Dual) may be used. 
2) Bypass capacitors required at 
power supply pins of ALL Ie's. 
3) Ground plane required over all 
parts 
of circuit 
board. 
4) Care in layout around MC34080's 
necessary 
for 
good 
frequency 
response. 
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lout 
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Regulation 
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Ripple 
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APERTURE 
DELAY - 
The time difference 
between the 
sampling 
signal (typically 
a clock edge) and the actual 
analog 
signal 
converted. 
The actual signal 
converted 
may occur before or after the sampling 
signal, depend- 


ing on the internal 
configuration 
of the converter. 


BIPOLAR INPUT 
- 
A mode of operation 
whereby 
the 
analog input (of an A-D). or output 
(of a DAC), includes 
both negative 
and positive 
values. Examples are - 1.0 
to + 1.0 V, -5.0 
to +5.0 V, -2.0 
to +8.0 V, etc. 


BIPOLAR OFFSET ERROR - 
The difference between the 
actual and ideal locations 
of the OOHto 01H transition, 


where the ideal location 
is 1/2 LSB above the most neg- 
ative reference voltage. 


BIPOLAR ZERO ERROR - 
The error (usually expressed 
in LSBs) of the input voltage 
location 
(of an A-D) of the 
80H to 81H transition. 
The ideal location is 1/2 LSB above 
zero volts in the case of an A-D setup for a symmetrical 
bipolar 
input (e.g., - 1.0 to + 1.0 V). 


DIFFERENTIAL 
NONLINEARITY 
- 
The maximum 
de- 
viation 
in the actual step size (one transition 
level to 
another) from the ideal step size. The ideal step size is 
defined as the Full Scale Range divided by 2n (n = num- 
ber of bits). This error must be within 
± 1 LSB for proper 
operation. 


FULL SCALE RANGE 
(ACTUAL) 
- 
The difference 
be- 


tween the actual minimum 
and maximum 
end points 
of the analog input (of an A-D). 


FULL SCALE RANGE (IDEAL) - 
The difference 
between 
the actual minimum 
and maximum 
end points of the 
analog input (of an A-D). plus one LSB. 


GAIN ERROR - 
The difference 
between the actual and 
expected gain (end point to end point). with respect to 
the reference, of a data converter. 
The gain error is usu- 
ally expressed 
in LSBs. 


GREY CODE - 
Also known as reflected 
binary 
code, it 
is a digital 
code such that each code differs from adja- 
cent codes by only one bit. Since more than one bit is 
never changed at each transition, 
race condition 
errors 
are eliminated. 


INTEGRAL 
NONLINEARITY 
- 
The maximum 
error of 
an A-D, or DAC, transfer function 
from the ideal straight 
line connecting 
the analog end points. This parameter 
is sensitive 
to dynamics, 
and test conditions 
must be 
specified 
in order to be meaningfull. 
This parameter 
is 
the best overall 
indicator 
of the device's 
performance. 


LSB - 
Least Significant 
Bit. It is the lowest order bit of 
a binary code. 


LINE REGULATION 
- 
The ability of a voltage 
regulator 
to maintain 
a certain output voltage 
as the input to the 
regulator 
is varied. 
The error is typically 
expressed 
as 
a percent of the nominal 
output 
voltage. 


LOAD REGULATION 
- 
The ability of a voltage regulator 
to maintain 
a certain output voltage 
as the load current 
is varied. The error is typically 
expressed 
as a percent 
of the nominal 
output 
voltage. 


MONOTONICITY 
- 
The characteristic 
of the transfer 
function 
whereby 
increasing 
the input code (of a DAC), 
or the input signal (of an A-D), results in the output never 
decreasing. 


MSB - 
Most Significant 
Bit. It is the highest 
order bit 
of a binary code. 


NATURAL 
BINARY CODE - 
A binary code defined 
by: 


N = "An2n + ... 
+ A323 + A222 + A121 + A020 


where each "An coefficient 
has a value of 1 or O. Typ- 


ically, all zeroes correspond 
to a zero input voltage 
of 
an A-D, and all ones correspond 
to the most positive 
input voltage. 


OFFSET BINARY CODE - 
Applicable 
only to bipolar 
in- 
put (or output) data converters, 
it is the same as Natural 
Binary, 
except that all zeroes correspond 
to the most 
negative 
input voltage 
(of an A-D), while 
all ones cor- 
respond to the most positive 
input. 


POWER SUPPLY SENSITIVITY 
- 
The change in a data 
converter's 
performance 
with 
changes 
in the 
power 
supply voltage(s). 
This parameter 
is usually 
expressed 
in percent of full scale versus t,v. 


aUANTITIZATION 
ERROR - 
Also known as digitization 
error or uncertainty. 
It is the inherent 
error involved 
in 
digitizing 
an analog signal due to the finite 
number 
of 
steps at the digital output versus the infinite 
number 
of 
values at the analog 
input. This error is a minimum 
of 


± 1/2 LSB. 


RESOLUTION 
- 
The smallest change which can be dis- 


cerned by an A-D converter, 
or produced 
by a DAC. It 


is usually expressed as the number of bits, n, where the 
converter 
has 2n possible 
states. 


SAMPLING 
THEOREM 
- 
Also 
known 
as the Nyquist 
Theorem. 
It states that the sampling 
frequency 
of an 
A-D must be no less than 2x the highest frequency 
(of 
interest) of the analog signal to be digitized 
in order to 
preserve the information 
of that analog signal. 


UNIPOLAR 
INPUT - 
A mode of operation 
whereby 
the 
analog 
input 
range (of an A-D). or output 
range (of a 
DAC), includes values of a signal polarity. 
Examples are 
o to +2.0 V, 0 to -5.0 
V, +2.0 to +8.0 V, etc. 


UNIPOLAR 
OFFSET ERROR - 
The difference 
between 
the actual and ideal locations 
of the OOHto 01H tran- 


sition, 
where 
the ideal location 
is 1/2 LSB above the 
most negative 
input voltage. 


® MOTOROLA 


Specifications 
and Applications 
Information 


HIGH SPEED 7-BIT ANALOG-TO-DIGITAL 
FLASH CONVERTER 


The MC10321 is a 7-bit high speed parallel flash AID converter, 
which employs an internal Grey Code structure to eliminate 
large 
output 
errors on fast slewing 
input signals. It is fully TTl 
com- 
patible, 
requiring 
a + 5.0 volt 
supply, 
and a negative 
supply 
between 
- 3.0 and 
- 6.0 volts. 
Three-state 
TTl 
outputs 
allow 
direct connection 
to a data bus or common 
1/0 memory. 


The MC10321 contains 128 parallel comparators 
wired along a 
precision 
input 
reference 
network. 
The comparator 
outputs 
are 
fed to latches, and then to an encoder network which produces 
a 7-bit data byte, plus an overrange 
bit. The data is latched and 
converted 
to three-state 
lSTTl 
levels. Enable inputs ~ermit set- 
ting the outputs 
to a three-state 
condition. 
The overrange 
bit is 
always active to allow for sensing of the overrange condition, 
and 
to 
ease the 
interconnection 
of 
two 
MC10321s 
into 
an 8-bit 
configuration. 
The MC10321 is available in a 20-pin standard plastic and SOIC 
packages. 
Applications 
include 
Video 
displays 
(digital 
TV, picture-in- 


picture, 
special 
effects), 
radar 
processing, 
high speed instru- 


mentation, 
and TV broadcast. 


• 
Internal Grey Code for Speed and Accuracy 


• 
25 MHz Sampling 
Rate 


• 
7-Bit Resolution with 8-Bit Accuracy 


• 
Easily Cascadable into an 8-Bit System 


• 
Three-State lSTTl 
Outputs with True and Complement 
Enable Inputs 


• 
low 
Input Capacitance: 25 pF 


• 
No Clock Kick-Out Currents on Input or Reference 


• Wide Input Range: 1.0-2.1 Volts within 
a ± 2.1 Volt Range 


• 
No Sample and Hold Required for Video Applications 


• 
Edge Triggered 
Conversion - 
No Pipeline Delay 


• True and Complement 
Enable Inputs for Three-State Control 


• 
Standard DIP and Surface Mount Packages Available 


• 
Operating Temperature 
Range: -40° 
to +85°C 


HIGH SPEED 
7-BIT ANALOG- 
TO-DIGITAL 
FLASH 
CONVERTER 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
738-03 


OW SUFFIX 
PLASTIC 
PACKAGE 
CASE 
7510-03 
SO-20 


Over 
Range 


Gnd 


Temperature 
Device 
Range 
Packaga 


MC10321P 
Plastic 
DIP 


- 40° to + 85°C 
MC10321DW 
SO-20 


(Analog 
In) 
Vin 


VRT 
r - 
L~ias..J 
MC10321 
1 
T 
I--~u~p:--i 
r-- 
-, 
r-J--, 
I 
I 
I 
I 
I 
I 
Latches 


I 
I 
I 
I 
and 
I 
Q) 
~ 
I 
ECL-TTL 
I 
1"0 
0 
I 
Converters 
~~I~ 
I 
I 
<:)1- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
_oJ 
L 
.J 
I 
I 


Parameter 
Symbol 
Value 
Units 


Supply 
Voltage 
VCC(AI, VCC(D) 
+7.0 
Vdc 


VEE 
-7.0 


Positive 
Supply 
Voltage 
Differential 
VCC(D)-VCC(A) 
-0.3, 
+0.3 
Vdc 


Digital 
Input 
Voltage 
(Pins 13-151 
VI(DI 
-0.5, 
+7.0 
Vdc 


Analog 
Input 
Voltage 
(Pins 5, 6, 71 
VI(AI 
-2.5, 
+2.5 
Vdc 


Reference 
Voltage 
Span (Pin 7-Pin 
5) 
- 
+2.3 
Vdc 


Applied 
Output 
Voltage 
(00-06 
in 3-State) 
- 
-0.3, 
+ 7.0 
Vdc 


Junction 
Temperature 
TJ 
+150 
·C 


Storage 
Temperature 
Tsto 
-65, 
+150 
·C 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


Power 
Supply 
Voltage 
(Pin 9) 
VCC(A) 
+4.5 
+5.0 
+5.5 
Vdc 
Power 
Supply 
Voltage 
(Pins 10, 161 
VCC(D) 
+4.5 
+5.0 
+5.5 


VCC(D)-VCC(AI 
il.VCC 
-0.1 
0 
+0.1 


Power 
Supply 
Voltage 
(Pin 8) 
VEE 
-6.0 
-5.0 
-3.0 
Vdc 


Digital 
Input 
Voltages 
(Pins 13-15) 
- 
0 
- 
VCCIDI 
Vdc 


Analog 
Input 
(Pin 6) 
Vin 
-2.1 
- 
+2.1 
Vdc 


Voltage 
@ VRT (Pin 7) 
VRT 
-1.0 
- 
+2.1 
Vdc 


@VRS 
(Pin 5) 
VRS 
-2.1 
- 
+1.0 


VRT-VRS 
il.VR 
+1.0 
- 
+2.1 


VRS-VEE 
- 
1.3 
- 
- 


Applied 
Output 
Voltage 
(Pins 00-06 
in 3-State) 
Vo 
0 
- 
VCC(D) 
Vdc 


Clock Pulse Width 
- 
High 
tCKH 
5.0 
- 
- 
ns 
-Low 
tCKL 
15 
- 
- 


Clock 
Frequency 
fCLK 
0 
- 
25 
MHz 


Operating 
Ambient 
Temperature 
TA 
-40 
- 
+85 
·C 


Resolution 
N 
- 
- 
7.0 
Bits 


Monotonicity 
MON 
Guaranteed 
Bits 


Integral 
Nonlinearity 
INL 
- 
:!:1/4 
:!:1.0 
LSB 
Differential 
Nonlinearity 
DNL 
- 
- 
:!:1.0 


Differential 
Phase 
(See 
Figure 
11) 
DP 
- 
2.0 
- 
Deg. 
Differential 
Gain 
(See 
Figure 
11) 
DG 
- 
2.0 
- 
% 


Power 
Supply 
Rejection 
Ratio 
PSRR 
LSBN 


(4.5 V < VCC < 5.5 V, VEE = 
-5.2 
V) 
- 
0.02 
- 
(-6.0 
V < VEE < -3.0 
V, VCC = 
+5.0 
VI 
- 
0 
- 


Input 
Current 
@ Vin 
= VRB 
- 
0.1 V (See 
Figure 
4) 
IINL 
- 
+1.0 
+5.0 
pA 


@ Vin 
= VRT 
+ 0.1 V (See 
Figure 
4) 
IINH 
- 
+60 
+80 


Input 
Capacitance 
(1.0 V < (VRT 
- 
VRB) < 2.0 V) 
Cin 
- 
22 
- 
pF 


Bipolar 
Offset 
Error 
VOS 
- 
0.1 
- 
LSB 


Ladder 
Resistance 
(VRT to VRB, TA 
= 25°CI 
Rre! 
100 
140 
175 
n 


Temperature 
Coefficient 
TC 
- 
+0.29 
- 
%rC 


Ladder 
Capacitance 
(Pin 
1 Openl 
Cre! 
- 
5.0 
- 
pF 


Input 
Voltage 
- 
High 
VIHE 
2.0 
- 
- 
V 
-Low 
VILE 
- 
- 
0.8 


Input 
Current 
@ 2.4 Volts 
(See 
Figure 
5) 
IIHE 
- 
+0.2 
2.0 
p.A 


@ 0.4 Volts 
(See 
Figure 
5) 
IILE 
-200 
-120 
- 


Input 
Clamp 
Voltage 
(11K = 
-18 
mAl 
VIKE 
-1.5 
-1.3 
- 
V 


Input 
Voltage 
- 
High 
VIHC 
2.0 
- 
- 
Vdc 
-Low 
VILC 
- 
- 
0.8 


Input 
Current 
@ 0.4 V (See 
Figure 
6) 
IILC 
-150 
-80 
- 
p.A 


@ 2.7 V (See 
Figure 
61 
IIHC 
-80 
-40 
- 


Input 
Clamp 
Voltage 
(11K = 
-18 
mAl 
VIKC 
-1.5 
-1.3 
- 
Vdc 


High 
Output 
Voltage 
(lOH 
= 
-400 
p.A @ 06-00, 
OR, 
VOH 
2.4 
3.0 
- 
V 
VCC = 4.5 V, See Figure 
7) 


Low 
Output 
Voltage 
(lOL 
= 4.0 mA 
@ 06-00, 
OR, 
VOL 
- 
0.3 
0.4 
V 
VCC = 4.5 V, See Figure 
8) 


Output 
Short 
Circuit 
Current" 
(06-00, 
OR, VCC = 5.5 V) 
ISC 
- 
-35 
- 
mA 


Output 
Leakage 
Current 
(0.4 < Vo < 2.4 V, 
ILK 
-10 
- 
+10 
pA 


See Figure 
3, VCC = 5.5 V, 00-06 
in 3-State 
Mode) 


Output 
Capacitance 
(00-06 
in 3-State 
Mode) 
Cout 
- 
5.0 
- 
pF 


VCC(A) 
Current 
(4.5 V < VCC(A) 
< 5.5 V, Outputs 
Unloaded) 
ICC(A) 
10 
13 
16 
mA 
VCC(D) 
Current 
(4.5 V < VCC(D) < 5.5 V, Outputs 
Unloaded) 
ICC(D) 
40 
60 
80 
VEE Current 
(- 
6.0 V < VEE < - 3.0 V) 
lEE 
-16 
-13 
-8.0 


Power 
Dissipation 
(VRT 
- 
VRB 
= 2.0 V, Outputs 
Unloaded) 
Po 
- 
459 
668 
mW 


TIMING 
CHARACTERISTICS 
(TA ~ 25°C, VCC = 
+ 5,0 V, VEE = - 5.2 V, VRT = 
+ 1.0 V, VRB ~ 
-1.0 
V, 


See System 
Timing 
Diagram) 


Parameter 
Symbol 
Min 
Typ 


Min Clock Pulse Width 
- 
High 
tCKH 
- 
5.0 
- 
ns 


-Low 
tCKL 
- 
15 
- 


Max Clock Rise, Fall Time 
tR,F 
- 
100 
- 
ns 


Clock 
Frequency 
fCLK 
0 
30 
25 
MHz 


New Data Valid 
from 
Clock Low 
tCKDV 
- 
22 
- 
ns 


Aperture 
Delay 
tAD 
- 
3.0 
- 
ns 


Hold Time 
tH 
- 
6.0 
- 
ns 


Data High to 3-State 
from 
Enable 
Low" 
tEHl 
- 
22 
- 
ns 


Data 
Low to 3-State 
from 
Enable 
Low· 
tELl 
- 
17 
- 
ns 


Data High to 3-State 
from 
ENABLE 
High" 
tE'Hl 
- 
27 
- 
ns 


Data Low to 3·State 
from 
ENABLE High" 
tE'Ll 
- 
19 
- 
ns 


Valid 
Data from 
Enable 
High (Pin 14 ~ 0 V)" 
tEDV 
- 
13 
- 
ns 


Valid 
Data from 
ENABLE 
Low (Pin 13 ~ 5.0 VI" 
tE'DV 
- 
20 
- 
ns 


Output 
Transition 
Time 
(10%-90%)* 
ttr 
- 
6.0 
- 
ns 


Typical 
Value 
Typical 
Change 
Parameter 
@25°C 
-40 
to 
+85°C 


ICC (+ 5.0 V Supply 
Current) 
73 mA 
-100 
JLJVC 
lEE (- 5.2 V Supply 
Current) 
-13 
mA 
+7.0 
IJ-ArC 
Ladder 
Resistance 
140 n 
+0.29%rC 
VOL (Output 
Low Voltage 
@ 4.0 mAl 
0.3 V 
+8.0 
IJ-vrc 
VOH (Output 
High Voltage 
@ 
- 400 IJ-AI 
3.0 V 
2.1 mVrC 
Differential 
Nonlinearity 
- 
- 0.0008 LSBrC 
Integral 
Nonlinearity 
0.25 LSB 
- 0.001 LSBrC 


Symbol 
Pin 
Description 


GND 
11,17 
Power supply 
ground. 
The two pins should 
be 
connected 
directly 
together, 
and 
through 
a low 
impedance 
path 
to 
the 
power 
supply. 


OR 
12 
Overrange 
output. 
Indicates 
Vin 
is more 
positive 
than 
VRT-1/2 
LSB. 
This 
output 
does not have 3-state capability, 
and there- 
fore is always 
active. 


06-00 
1-4, 
Digital 
Outputs. 
06 (Pin 4) is the MSB, DO 
18-20 
(Pin 18) is the LSB. LSTTL compatible 
with 
3-state 
capability. 


VCC(D) 
10,16 
Power 
supply 
for the digital 
section. 
+5.0 
V, ~10% required. 


VEE 
8 
Negative 
Power supply. 
Nominally 
- 5.2 V, 
it can range from 
- 3.0 to - 6.0 V, and must 
be more 
neg;ltive 
than 
VRB by >1.3 V. 


Vin 
6 
Signal 
voltage 
input. 
This voltage 
is com- 
pared to the reference 
to generate 
a digital 
equivalent. 
Input 
impedance 
is nominally 
16-33 
kn (See Figure 4) in parallel 
with 
22 
pF. 


Symbol 
Pin 
Description 


VCC(A) 
9 
Power 
supply 
for the analog 
section. 
+5.0 V, ± 10% required. 


CLK 
15 
Clock 
input, 
TTL 
compatible, 
and 
can 
range 
from 
de 
to 
25 
MHz. 
Conversion 
occurs 
on the negative 
edge 
of the clock. 


EN 
13 
Enable 
input. 
TTL compatible, 
a Logic "1" 


(and 
Pin 14 a Logic 
"0") 
enables 
the data 


outputs. 
A Logic 
"0" 
sets 
the 
outputs 
(except 
Overrange) 
to a 3-5tate 
mode. 


EN 
14 
ENABLE 
input. 
TTL 
compatible, 
a Logic 
"0" 
(and 
Pin 13 a Logic 
"1") 
enables 
the 
data outputs. 
A Logic "1" 
sets the outputs 
(except 
Overrange) 
to a 3-5tate 
mode. 


VRB 
5 
The 
bottom 
(most 
negative 
point) 
of the 
internal 
reference 
resistor 
ladder. 
The lad- 


der resistance 
is typically 
140 n to VRT. 


VRT 
7 
The top (most 
positive 
point) 
of the inter- 
nal reference 
resistor 
ladder. 
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INTRODUCTION 
The MC10321 is a high speed, 7-bit parallel ("Flash") 
type Analog-to-Digital 
converter 
containing 
128 com- 
parators at the front end, See Figure 12 for a block dia- 
gram, 
The comparators 
are arranged 
such that 
one 
input of each is referenced to evenly spaced voltages, 
derived 
from 
the reference 
resistor 
ladder, The other 
input 
of each of the comparators 
is connected 
to the 
input signal (Vin), Some of the comparator's 
differential 
outputs 
will 
be "true," 
while 
other 
comparators 
will 
have "not 
true" 
outputs, 
depending 
on their 
relative 
position, Their outputs are then latched, and converted 
to a 7-bit Grey code by the Differential 
Latch Array, The 
Grey code ensures that errors caused at the input stage, 
due to cross talk, feed-thru, or timing disparaties, 
result 
in glitches at the output of only a few LSBs, rather than 
the more traditional 
1/2 scale and 1/4 scale glitches, 
The Grey code is then translated to a 7-bit binary code, 
and the differential 
levels are translated 
to TTL levels 
before 
being 
applied 
to the output 
latches, ENABLE 
inputs 
(EN and EN) at this final stage permit the TTL 
outputs (except Overrange) to be put into a high imped- 
ance (3-state) condition, 


SIGNAL 
INPUT 
The signal 
voltage 
to be digitized 
(Vin) is applied 
simultaneously 
to one input 
of each of the 128 com- 
parators 
through 
Pin 6, The other 
inputs of the com- 
parators 
are connected 
to 128 evenly spaced voltages 
derived 
from 
the 
reference 
ladder, The output 
code 
depends on the relative position 
of the input signal to 
the 
reference 
voltages, 
The 
comparators 
have 
a 
bandwidth 
of >50 MHz, which 
is more than sufficient 
for the allowable 
(Nyquist 
theory) 
input frequency 
of 
12.5 MHz. 


The current 
into Pin 6 varies linearly 
from 0 (when 
Vin = VRB) to =60 p.A (when Vin = VRT). If Vin is taken 
below VRB or above VRT, the input current will remain 
at the value corresponding 
to VRB and VRT respectively 


(see Figure 4). However, Vin must be maintained within 
the 
absolute 
range 
of 
± 2.5 volts 
(with 
respect 
to 
ground) 
- 
otherwise 
excessive currents will 
result at 


Pin 6. 


The input capacitance at Pin 6 is typically 
22 pF, and 
is constant as Vin varies from VRT to VRB, 
The source impedance 
of the signal voltage 
should 
be maintained 
below 100 n (at the frequencies 
of inter- 
est) in order to avoid sampling 
errors. 


REFERENCE 
The 
reference 
resistor 
ladder 
is composed 
of 
a 


string 
of equal value 
resistors 
so as to provide 
128 
equally spaced voltages for the comparators 
(see Fig- 
ure 12 for the actual configuration). 
The voltage 
dif- 
ference 
between 
adjacent 
comparators 
corresponds 
to 1 LSB of the input range, The first comparator 
(clos- 
est to VRB) is referenced 
1/2 LSB above VRB, and the 
128th comparator 
(for the overrange) 
is referenced 
1/ 


2 LSB below VRT, The total resistance of the ladder is 
nominally 
140 n, ±25%, requiring 
14.3 mA@2,Ovolts 
and 7,14 mA @ 1.0 volt. There is a nominal 
warm 
up 
change of = + 8.0% in the ladder resistance due to the 
+ 0.29%rC 
temperature 
coefficient. 


The minimum 
recommended 
span [VRT- VRB] is 1.0 
volt. A lower span will allow offsets and nonlinearities 
to become 
significant. 
The maximum 
recommended 
span is 2.1 volts due to power limitations 
of the resistor 
ladder. The span may be anywhere within the range of 
-2.1 
to 
+2.1 volts with 
respect to ground, 
and VRB 
must be at least 1.3 volts more positive than VEE. The 
reference voltages must be stable and free of noise and 
spikes, since the accuracy of a conversion 
is directly 
related to the quality of the reference. 


In most 
applications, 
the reference 
voltages 
will 
remain fixed. In applications 
involving 
a varying 
refer- 
ence for modulation 
or signal scrambling, 
the modu- 
lating signal may be applied to VRT, or VRB, or both. 
The output will vary inversely with the reference signal, 
introducing 
a nonlinearity 
into the transfer function. The 
addition 
of the 
modulating 
signal 
and the 
dc level 


applied to the reference must be such that the absolute 
voltage at VRT and VRB are maintained 
within the val- 
ues listed in the Recommended 
Operating 
Limits. The 
RMS value of the span must be maintained 
.,;2.1 volts. 


POWER SUPPLIES 


VCC(A) (Pin 9) is the positive 
power supply for the 
comparators, 
and VCC(D) (Pins 10, 16) is the positive 
power supply for the digital portion. Both are to be + 5.0 
volts, ± 10%, and the two are to be within 
100 millivolts 
of each 
other. 
There 
is indirect 
internal 
coupling 
between VCC(D) and VCC(A). If they are powered sep- 
arately, and one supply fails, there will be current flow 
through 
the MC10321 to the failed supply. 
ICC(A) is nominally 
13 mA, and does not vary with 
clock frequency 
or with Vin, but does vary slightly with 
VCC(A). ICC(D) is nominally 
60 mA, and is independent 
of clock frequency. 
It does vary, however, 
by 4-5 mA 
as Vin is varied from VRT to VRB, and varies directly 
with VCC(D). 
VEE is the negative power supply for the comparators, 
and is to be within 
the range - 3.0 to - 6.0 volts. Addi- 
tionally, 
VEE must be at least 1.3 volts more negative 
than VRB. lEE is a nominal 
-13 
mA, and is independent 
of clock frequency, Vin and VEE· 
For proper operation, the supplies must be bypassed 
at the IC. A 10 ItF tantalum, 
in parallel with a 0.1 ItF 
ceramic is recommended 
for each supply to ground. 


CLOCK 
The Clock input 
(Pin 15) is TTL compatible 
with 
a 
typical frequency 
range of 0 to 30 MHz. There is no duty 
cycle limitation, 
but the minimum 
low and high times 
must be adhered to. See Figure 6 for the input current 
requirements. 
The conversion 
sequence is shown in Figure 13, and 
is as follows: 


- 
On the rising 
edge, the data output 
latches are 
latched 
with 
old 
data, 
and the 
comparator 
output 
latches are released to follow 
the input signal (Vin). 


- 
During the high time, the comparators 
track the 
input signal. The data output latches retain the old data. 


- 
On the falling 
edge, the comparator 
outputs 
are 
latched with 
the data immediately 
prior to this edge. 


The conversion 
to digital occurs within the device, and 
the data output latches are released to indicate the new 
data in =22 ns. 
- 
During the clock low time, the comparator 
outputs 
remain 
latched, 
and the data output 
latches 
remain 
transparent. 


A summary 
of the sequence is that data present at 
Vin just prior to the Clock falling 
edge is digitized 
and 
available 
at the data outputs 
immediately 
after that 
same falling 
edge. The minimum 
amount 
of time the 
data must 
be present 
prior to the clock falling 
edge 
(aperture delay) is 2.0-6.0 ns, typically 
3.0 ns. 


The comparator 
output 
latches 
provide 
the circuit 
with an effective sample-and-hold 
function, 
eliminating 
the need for an external sample-and-hold. 


ENABLE 
INPUTS 
The two Enable inputs (Pins 13, 14) are TTL compat- 
ible, and are used to change the data outputs (D6-DO) 
from active to 3-state. This capability 
allows cascading 
two MC10321s into an 8-bit configuration, 
connecting 
the outputs directly to a data bus, multiplexing 
multiple 
converters, 
etc. See the Applications 
Information 
sec- 
tion for more details. For the outputs to be active, Pin 
13 must be Logic "1," and Pin 14 must be a Logic "0." 
Changing either input will put the outputs into the high 
impedance 
mode. 
The Enable inputs 
affect only. the 
state of the outputs - 
they do not inhibit a conversion . 
Both pins have a nominal threshold 
of =1.2 volts, their 
input currents are shown 
in Figure 5, and their input- 
output 
timing 
is shown 
in Figure 1 and 14. Leaving 
either pin open is equivalent 
to a Logic "1," 
although 
good design practice dictates that an input should never 
be left open. 


The Overrange output 
(Pin 12) is not affected by the 
Enable inputs as it does not have 3-state capability. 


OUTPUTS 
The data outputs 
(Pins 1-4, 12, 18-20) are TTL level 
outputs 
with 
high impedance 
capability 
(except Over- 
range). Pin 4 is the MSB (D6), and Pin 18 is the LSB (DO).. 
The seven outputs 
are active as long as the Enable 
inputs are true (EN = high, EN = low). The timing 
of 
the outputs 
relative to the Clock input and the Enable 
inputs 
is shown 
in Figures 1 and 14. Figures 7 and 8 
indicate the output 
voltage 
versus load current, while 
Figure 3 indicates the leakage current when in the high 
impedance 
mode. 


The output code is natural binary, depicted in Table 1. 


The Overrange 
output 
(Pin 12) goes high when the 
input, Vin' is more positive 
than VRT - 
1/2 LSB. This 
output is always active - 
it does not have high imped- 
ance 
capability. 
Besides 
used 
to 
indicate 
an input 
overrange, 
it is additionally 
used for cascading 
two 
MC10321s to form 
an 8-bit AID converter 
(see Figure 
21). 


VRT,VRB (Volts) 
Output 
Input 
2.048,0 
+1.0V, -1.0V 
+1.0 V, 0 V 
Code 
Overrlnge 


>VRT - 
t/2 LSB 
>2.040 V 
>0.9922V 
>0.996t V 
7FH 
t 
VRT - 
t/2 LSB 
2.040V 
0.9922V 
0.996t V 
7FH 
O•..•t 
VRT - 
t LSB 
2.032V 
0.9844V 
0.9922V 
7FH 
0 
VRT - 
t t/2 LSB 
2.024V 
0.9766V 
0.9883V 
7EH•..•7FH 
0 
Midpoint 
t.024 V 
0.000V 
0.5000V 
40H 
0 
VR~ + t/2 LSB 
8.0 mV 
-0.9922 V 
3.9 mV 
OOH•..•OtH 
0 


< VRB + t/2 LSB 
<8.0 mV 
<-0.9922 V 
<3.9 mV 
OOH 
0 


• 
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POWER SUPPLIES, 
GROUNDING 
The PC board 
layout, 
and the quality 
of the power 
supplies 
and the ground 
system 
at the 
IC are very 
important 
in order to obtain 
proper 
operation. 
Noise, 


from any source, coming 
into the device on VCC, VEE, 
or ground 
can cause an incorrect 
output 
code due to 
interaction 
with the analog portion of the circuit. At the 
same time, 
noise generated 
within 
the MC10321 can 
cause incorrect 
operation 
if that noise does not have a 
clear path to ac ground. 


Both the VCC and VEE power supplies must be decou- 
pled to ground 
at the IC (within 
1" maxI with a 10 J1.F 
tantalum 
and a 0.1 J1.Fceramic. Tantalum capacitors are 
recommended 
since electrolytic 
capacitors simply have 
too much inductance at the frequencies 
of interest. The 
quality 
of the VCC and VEE supplies 
should 
then be 
checked at the IC with 
a high frequency 
scope. Noise 
spikes (always present when digital circuits are presentl 
can easily exceed 400 mV peak, and if they get into the 
analog portion of the IC, the operation can be disrupted. 
Noise 
can 
be reduced 
by inserting 
resistors 
and/or 
inductors 
between the supplies and the IC. 
If switching 
power supplies 
are used, there will usu- 
ally be spikes of 0.5 volts or greater at frequencies 
of 
50-200 kHz. These spikes are generally more difficult 
to 
reduce 
because 
of their 
greater 
energy 
content. 
In 
extreme 
cases, 
3-terminal 
regulators 
(MC78L05ACP, 


MC7905.2CT), with appropriate 
high frequency filtering, 


should 
be used and dedicated to the MC10321. 


The ripple content 
of the supplies 
should 
not allow 
their 
magnitude 
to exceed the values 
in the Recom- 
mended Operating 
Limits. 


The PC board tracks supplying 
VCC and VEE to the 
MC10321 should preferably 
not be at the tail end of the 
bus distribution, 
after passing through 
a maze of digital 
circuitry. 
The MC10321 should 
be close to the power 
supply, 
or the connector 
where 
the supply 
voltages 
enter the board. If the VCC and VEE lines are supplying 
considerable 
current to other parts of the boards, then 
it is preferable 
to have dedicated 
lines from the supply 
or connector 
directly 
to the MC10321. 
The two 
ground 
pins 
(11, 17) must 
be connected 
directly 
together. 
Any 
long 
path 
between 
them 
can 
cause stability 
problems 
due to the inductance 
(@ 25 
MHz) of the PC tracks. The ground 
return for the signal 
source must be noise free. 


REFERENCE VOLTAGE 
CIRCUITS 
Since the accuracy of the conversion 
is directly related 
to the quality 
of the references, 
it is imperative 
that 
accurate and stable voltages 
be provided 
to VRT and 
VRB· If the reference span is 2.0 volts, then 1/2 LSB is 
only 7.8 millivolts, 
and it is desireable that VRTand VRB 
be accurate to within this amount, and furthermore, 
that 
they do not drift more than this amount once set. Over 


the temperature 
range of -40 
to +85'C, 
a maximum 
temperature 
coefficient 
of 31 ppmrC 
is required. 


The voltage 
supplies 
used for digital 
circuits should 
preferably 
not be used as a source for generating 
VRT 
and VRB, due to the noise spikes (up to 500 mY) present 
on the supplies 
and on their 
ground 
lines. Generally 


± 15volts, or ± 12 volts, are available for analog circuits, 
and are usually 
clean compared 
to supplies 
used for 
digital circuits, although 
ripple may be present in vary- 


ing amounts. 
Ripple is easier to filter 
out than spikes, 


however, and so these supplies are preferred. 


Figure 
15 depicts 
a circuit 
which 
can provide 
an 
extremely 
stable voltage to VRT at the current required 
(the maximum 
reference current is 20 mA @ 2.0 volts). 


The MC1403 series of references 
have very low tem- 
perature coefficients, 
good noise rejection, 
and a high 
initial accuracy, allowing 
the circuit to be built without 
an adjustment 
pot if the VRT voltage 
is to remain fixed 
at one value. Using 0.1% wirewound 
resistors for the 
divider 
provides 
sufficient 
accuracy 
and 
stability 
in 
many cases. Alternately, 
resistor networks provide high 
ratio accuracies, and close temperature 
tracking. 
If the 
application 
requires VRT to be changed periodically, 
the 
two 
resistors 
can be replaced with 
a 20 turn, 
cermet 
potentiometer. 
Wirewound 
potentiometers 
should not 
be used for this type of application 
since the pot's slider 


jumps 
from 
winding 
to winding, 
and an exact setting 
can 
be difficult 
to 
obtain. 
Cermet 
pots 
allow 
for 
a 
smooth 
continuous 
adjustment. 


In Figure 15, Rl reduces the power dissipation 
in the 
transistor, 
and can be carbon composition. 
The 0.1 J1.F 
capacitor 
in the feedback path provides 
stability 
in the 
unity gain configuration. 
Recommended 
op amps are: 


LM358, MC34001 series, LM308A, LM324, and LMllC. 
Offset drift is the key parameter to consider in choosing 
an op amp, and the LM308A has the lowest drift of those 
mentioned. 
Bypass capacitors are not shown in Figure 
15, but should 
always be provided 
at the input to the 
2.5 volt reference, and at the power supply pins of the 
op amp. 


Figure 16 shows a simpler 
and more economical 
cir- 
cuit, using the LM317LZ regulator, but with lower initial 
accuracy and temperature 
stability. The op amp/current 
booster 
is not needed since the LM317LZ can supply 
the current 
directly. 
In a well controlled 
environment, 
this circuit will suffice for many applications. 
Because 
of the lower 
initial 
accuracy, an adjustment 
pot is a 
necessity. 
Figure 17 shows two circuits for providing 
the voltage 
to VRB. The circuits 
are similar 
to those of Figures 15 
and 16, and have similar 
accuracy 
and stability. 
The 
MC1403 reference is used in conjunction 
with an op amp 
configured 
as an inverter, 
providing 
the negative volt- 
age. The output 
transistor 
is a PNP in this case since 
the circuit must sink the reference current. 


VIDEO APPLICATIONS 


The MC10321 is suitable 
for digitizing 
video signals 
directly without 
signal conditioning, 
although 
the stan- 
dard 1.0 volt pop video signal can be amplified 
to a 2.0 
volt 
pop signal for slightly 
better 
accuracy. 
Figure 18 
shows the input (top trace) and reconstructed 
output of 
a standard 
NTSC test signal, sampled at 25 MSPS, con- 
sisting of a sync pulse, 3.58 MHz color burst, a 3.58 MHz 
signal in a Sin2x envelope, a pulse, a white level signal, 
and a black level signal. Figure 19 shows a Sin2x pulse 
that has been digitized 
and reconstructed 
at 25 MSPS. 


The width 
of the pulse is =225 ns at the base. Figure 
20 shows an application 
circuit for digitizing 
video. 


8-BIT AID CONVERTER 
Figure 21 shows 
how 
two 
MC10321s can be con- 


nected to form an 8-bit converter. 
In this configuration, 


the outputs (06-00) 
of the two 7-bit converters 
are par- 
alleled. The outputs 
of one device are active, while the 
outputs 
of other are in the 3-state mode. The selection 


is made 
by the 
OVER RANGE 
output 
of the 
lower 
MC10321, which 
controls 
Enable 
inputs 
on the two 
devices. Additionally, 
this output 
provides the 8th bit. 


The reference 
ladders are connected 
in series, pro- 
viding the 256 steps required for 8 bits. The input volt- 
age range is determined 
by VRT of the upper MC10321, 


and VRB of the lower device. A minimum 
of 1.0 volt is 
required 
across each converter. 
The 500 n pot (20 turn 
cermet) allows for adjustment 
of the midpoint 
since the 
reference 
resistors 
of the two 
MC10321s may not be 
identical 
in value. Without 
the adjustment, 
a nonequal 


APERTURE DELAY - 
The time difference 
between the 
sampling 
signal (typically 
a clock edge) and the actual 
analog 
signal converted. 
The actual signal converted 
may occur before or after the sampling 
signal, depend- 
ing on the internal configuration 
of the converter. 


BIPOLAR INPUT - 
A mode of operation 
whereby 
the 
analog input (of an A-D), or output 
(of a DAC), includes 
both negative 
and positive values. Examples are -1.0 
to + 1.0 V, -5.0 
to +5.0 V, -2.0 
to +8.0 V, etc. 


BIPOLAR OFFSET ERROR- 
The difference between the 
actual and ideal locations 
of the OOHto 01H transition, 
where the ideal location is 1/2 LSB above the most neg- 
ative reference voltage. 


BIPOLAR ZERO ERROR- 
The error (usually expressed 
in LSBs) of the input voltage location 
(of a 7·bit AID) of 
the 40H to 41H transition. 
The ideal location 
is 1/2 LSB 
above zero volts 
in the case of an AID set up for a 
symmetrical 
bipolar 
input (e.g., -1.0 
to + 1.0 V). 


DIFFERENTIAL NONLINEARITY - 
The maximum 
devia- 
tion 
in the 
actual 
step 
size (one transition 
level to 


voltage 
division 
could 
occur, resulting 
in a nonlinear 
conversion. 
If the 
references 
are to 
be symmetrical 


about ground (e.g., ± 1.0 volt or ± 2.0 volts), the adjust- 
ment can be eliminated, 
and the midpoint 
connected to 
ground. 


The use of latches on the outputs is optional, depend- 


ing 
on 
the 
application. 
If latches 
are 
required, 
SN74LS173As are recommended. 


50 MHz, 7 BIT AID CONVERTER 
Figure 
22 shows 
how two 
MC10321s can be con- 
nected together 
in a flip-flop 
arrangement 
in order to 
have an effective 
conversion 
speed of 50 MHz. The 
74F74D-type flip-flop 
provides 
a 25 MHz clock to each 
converter, 
and at the same time, controls 
the SELECT 
input to the MC74F257 multiplexers 
to alternately 
select 
the outputs 
of the two converters. 
A brief timing 
dia- 


gram is shown 
in the figure. 


NEGATIVE VOLTAGE REGULATOR 
In the cases where 
a negative 
power 
supply 
is not 
available - 
neither the - 3.0 to - 6.0 volts, nor a higher 
negative 
voltage 
from which 
to derive it - 
the circuit 
of Figure 23 can be used to generate 
- 5.0 volts from 
the + 5.0 volts supply. The PC board space required 
is 
small (=2.0 in2), and it can be located physically 
close 
to the MC10321. The MC34063 is a switching 
regulator, 


and in Figure 23 is configured 
in an inverting 
mode of 
operation. 
The regulator 
operating 
specifications 
are 
given in the figure. 


another) from the ideal step size. The ideal step size is 
defined 
as the Full Scale Range divided 
by 2n (n = 


number 
of bits). This error must be within 
± 1 LSB for 
proper operation. 


FULL SCALE 
RANGE 
(ACTUAL) 
- 
The difference 
between the actual minimum 
and maximum 
end points 
of the analog input (of an A-D). 


FULL SCALE RANGE (IDEAL) - 
The difference between 
the actual minimum 
and maximum 
end points of the 
analog input (of an A-D). plus one LSB. 


GAIN ERROR- 
The difference 
between the actual and 
expected gain (end point to end point), with respect to 
the reference of a data converter. The gain error is usu- 
ally expressed in LSBs. 


GREY CODE - 
Also known as reflected 
binary code, it 
is a digital code such that each code differs from adja- 
cent codes by only one bit. Since more than one bit is 
never changed at each transition, 
race condition 
errors 
are eliminated. 
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INTEGRAL 
NONLINEARITY 
- 
The maximum 
error of 
an AID, or DAC, transfer function from the ideal straight 
line connecting 
the analog end points. This parameter 
is sensitive 
to dynamics, 
and test conditions 
must be 
specified in order to be meaningfull. 
This parameter is 
the best overall indicator 
of the device's performance. 


LSB - 
Least Significant 
Bit. It is the lowest order bit of 
a binary code. 


LINE REGULATION 
- 
The ability of a voltage regulator 
to maintain 
a certain output voltage as the input to the 
regulator 
is varied. The error is typically 
expressed as 
a percent of the nominal 
output voltage. 


LOAD REGULATION 
- 
The ability of a voltage regulator 
to maintain 
a certain output voltage as the load current 
is varied. The error is typically 
expressed as a percent 
of the nominal 
output voltage. 


MONOTONICITY 
- 
The characteristic 
of the transfer 
function 
whereby 
increasing the input code (of a DAC). 


orthe input signal (of an AID), results in the output never 
decreasing. 


MSB - 
Most Significant 
Bit. It is the highest order bit 
of a binary code. 


NATURAL 
BINARY CODE - 
A binary code defined by: 


N = An2n + ... 
+ A323 + A222 + A121 + A020 


where each "A" 
coefficient 
has a value of 1 or O. Typ- 
ically, all zeroes corresponds 
to a zero input voltage of 
an AID, and all ones corresponds 
to the most positive 
input voltage. 


OFFSET 
BINARY 
CODE - 
Applicable 
only to bipolar 
input (or output) data converters, 
it is the same as Nat- 
ural Binary, except that all zeroes corresponds 
to the 
most negative input voltage (of an AID), while all ones 
corresponds 
to the most positive input. 


POWER SUPPLY SENSITIVITY 
- 
The change in a data 
converters performance with changes in the power sup- 
ply voltage(s). 
This parameter 
is usually expressed 
in 
percent of full scale versus tN. 


QUANTITIZATION 
ERROR - 
Also known as digitization 
error or uncertainty. 
It is the inherent error involved 
in 
digitizing 
an analog signal due to the finite number of 
steps at the digital output versus the infinite number of 
values at the analog input. This error is a minimum 
of 
± 1/2 LSB. 


RESOLUTION 
- 
The smallest change which can be dis- 
cerned by an AID converter, 
or produced 
by a DAC. It 
is usually expressed as the number of bits, n, where the 
converter 
has 2n possible states. 


SAMPLING 
THEOREM 
- 
Also known 
as the Nyquist 
Theorem. 
It states that the sampling 
frequency 
of an 
AID must be no less than 2x the highest frequency 
(of 
interest) of the analog signal to be digitized 
in order to 
preserve the information 
of that analog signal. 


UNIPOLAR 
INPUT - 
A mode of operation 
whereby the 
analog input 
range (of an AID). or output 
range (of a 
DAC). includes values of a single polarity. Examples are 
o to + 2.0 V, 0 to - 5.0 V, + 2.0 to + 8.0 V, etc. 


UNIPOLAR 
OFFSET ERROR - 
The difference 
between 
the actual and ideal locations 
of the OOHto 01H tran- 
sition, 
where the ideal location 
is 1/2 LSB above the 
most negative input voltage. 
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(See 
Below) 
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01 
lOa 
lOb 


+5.0 
V 
00 
10c 
10d 
Za 


VEE 
VCC(OI 
VCC(AI 
Zb 
Zc 


11a 
Zd 
11b 
• 


11c 
OR 


11d 
S 


06 
10 iLF 
05 
•• 
01:f:-I 
VEE 
VCC(OI 
VCC(A) 
D4 
;~ 


VRT 
03 
:; 


020 


VRB 
OR 
lOa 
S 
01 
MC10321 
06 
lOb 
00 
+5.0 
V 
EN 
05 
10c 


EN 
(#21 
10d 
Za 


04 
Zb 
- 
03 
Zc 


ClK 
02 
11a 
Zd 
11b 
01 
11c 
Vin 
00 
11d 


Vin 
MC74F257 


! 


Q 
--, 
I 


74F74 
: 
- .J---' 
l--~L 
Q 
I 
1------- 
I======>@a~~~~~~~ 
II 


00-06#2 
X 
~~ 


I 


100 
p.F 


470P.F~ 


Vout 


-5.0 V/20 mA 
I470p.F 


Line Regulation 
4.5 V < Vin < 5.5 V, lout 
~ 
10 mA 
0.16% 


Load 
Regulation 
Vin 
~ 
5.0 V, 8.0 mA < lout < 20 mA 
0.4% 


Output 
Ripple 
Vin 
~ 
5.0 V, lout 
= 20 mA 
2.0 mV 
pop 


Short 
Circuit 
lout 
Vin = 5.0 V, RL = 0.1 n 
140 mA 


Efficiency 
Vin = 5.0 V, lout 
= 50 mA 
52% 


III 


MOTOROLA 
LINEAR/INTERFACE DEVICES 


6-98 


Described 
in this section is Motorola's 
line of inter- 
face circuits, 
which proVide the means for interfacing 
microprocessor 
or digital systems to the external world, 


or to other systems. 


Included 
are devices 
for reading 
and writing 
to a 
floppy disk or tape drive system, devices which allow 
a microprocessor 
to communicate 
with its own array of 
memory 
and peripheral 
I/O circuits. 


The line drivers, 
receivers, 
and transceivers 
permit 
communications 
between systems over cables of sev- 
eral thousand 
feet in length, and at data rates of up to 
several 
megahertz. 
The common 
EIA data transmis- 
sion 
standards, 
several 
European 
standards, 


IEEE-488, 
and IBM 360/370 
are addressed 
by these 
devices. 
The peripheral 
drivers are designed 
to handle high 
current 
loads 
such 
as 
relay 
coils, 
lamps, 
stepper 
motors, 
and others. 
Input levels to these drivers can 
be TTL, 
CMOS, 
High 
Voltage 
MaS, 
or other 
user 
defined 
levels. 
The display 
drivers 
are designed 
for 
LCD, LED, incandescent 
and other types of displays, 


and provide various forms of decoding. 


Selector 
Guide 
Memory 
Interface 
and Control 
7-2 
Microprocessor 
Bus Interface 
7-4 
Single-Ended 
Bus Transceivers 
7-5 
Line Receivers 
7-5 
Line Drivers 
7-6 
Line Transceivers 
7-6 
Peripheral 
Drivers 
7-7 


Alphanumeric 
Listing 
7-8 


Related Application 
Notes 
7-9 


Data Sheets 
7-10 


II 


Interface Circuits 


Motorola's 
line 
of circuits 
in this 
category 
have well 
established 
industry 
standards for reading and writing 
in 


a floppy 
disk system. The write circuits 
are designed for 
both straddle 
erase and tunnel erase heads, and provide 
both the writing 
and erasing functions. 
The read circuits 
include all the circuitry 
for peak detection, 
filtering, 
wave 
shaping, 
and guaranteed 
peak shift specifications. 


Floppy Disk Write 
Controllers 


Straddle 
Erase Controller 
MC3469P - 
TA = 0° to + 70°C, Case 648 


Designed 
to 
provide 
the 
entire 
interface 
between 


floppy 
disk heads and the head control 
and write 
data 


signals for straddle-erase 
heads. 


Provisions 
are made for selecting 
a range of accu- 


rately controlled 
write 
currents 
and for head selection 


during both read and write operation. 
Additionally, 
pro- 


visions 
are included 
for externally 
adjusting 
degauss 


period and inner/outer 
track compensation. 


Tunnel/Straddle 
Erase Controller 
MC3471 P - 
TA = 0° to +70°C, Case 738 


Provides the entire 
interface 
between 
the write 
data 


and head control signals and the heads (write and erase) 
for either tunnel 
or straddle-erase 
floppy 
disk systems. 


Has provisions 
for 
external 
adjustment 
of degauss 
period, 
inner/outer 
track compensation, 
and the delay 


from write 
gate to erase turn-on 
and turn-oft. 


Memory Interface and Control 
Floppy Disk Write Controllers. 
Floppy Disk Read Amplifier System .. 
Magnetic Tape Sense Amplifier. 
Peripheral Clamping Array 
. 


Microprocessor Bus Interface 
Address and Control Bus Extenders 
Microprocessor Data Bus Extenders 
Single-Ended Bus Transceivers 
For Instrumentation Bus 
For High-Current Party-line 
Bus. 


line 
Receivers 
General-Purpose 
. 


360/370 I/O Interface 
EIA Standard. 
. 
. 
line Drivers 
General-Purpose 
. 


360/370 I/O Interface 
.•....... 


EIA Standard ... 


line Transceivers 
Peripheral Drivers .. 


Write 
Gate 


Erase 
0 


Erase 
1 


Erase 
0 


Erase 
1 


Center 
Tap a 


Center 
Tap 
1 


Inhibit 


I 


~ 


17r-_L-114 


Magnetic 
I 
Filter I 
Head 
2 
16 L _ 
~ 15 
Gain 
T 
Stage 
: 


,t, 
I 
, 
' 
I 
36 L 
I 
I 
I 


Floppy Disk Read 
Amplifier System 


Designed as monolithic 
Read Amplifier 
System for 
obtaining 
digital 
information 
from floppy disk storage. 
These devices accept differential 
ac signals produced 
by the magnetic 
head and provides 
a digital 
output 
pulse that corresponds to each peak of the input signal. 
A gain stage amplifies the input waveform 
and applies 
it to an external filter network, enabling the active dif- 
ferentiator 
and time domain filter to produce the desired 
output. These devices provide all the active circuitry to 
perform 
the floppy 
disk Read amplifier 
function, 
and 
guarantee 
to 
have a maximum 
peak shift 
of 5,0%, 
adjustable 
to zero, for the MC3470P and 2.0%, adjust- 
able to zero, for the MC3470AP. 
Magnetic Tape 
Sense Amplifier 


MC3467L,P 
- 
TA = 0° to + 70°C, Case 726, 707 


The MC3467 provides 
three independent 
preampli- 
fiers with 
individual 
electronic 
gain control, optimized 
for use in 9-track magnetic tape memory systems where 
low noise and low distortion 
are paramount objectives. 


The electronic 
gain control 
allows 
each amplifier's 
gain to be set anywhere from essentially zero to a max- 
imum of approximately 
100 VN. Minimum 
small-signal 
bandwidth 
is 10 MHz, and Common-Mode 
Input Voltage 
range is 1.5 V min. 


5.0 V 
12 V 
God 
I" 
he 
h 
- 
,- 
-- 


Peak 
Detector 
,t, 


12b L 
,t, 


6l L 
Mono' 
RC 


,t, 
sb L 


Mono 
2 
RC 


Differential 
Input 
Peak Shift 
Voltage 
Gain 
II = 250 kHz, 
(I = 200 kHz, 
Input 
Common 
VIO = 1.0 
VIO = 5.0 mV 
Mode Range 
Vpp) 
[RMSJ} 
(5% Max THO) 


Device 
VN 
V 


Number 
%Max 
Min 
I 
Max 
Min 
I 
Max 


MC3470 
50 
80 
I 
130 
-0.1 I 
1.5 
MC3470A 
2.0 
100 
130 


Peripheral 
Clamping Array 


TCF6000P1,0 
- 
TA = - 40° to + 85°C, Case 626, 751 


· .. designed to protect input/output 
lines of micropro- 
cessor systems against voltage transients. 


• 
Optimized for HMOS System 


• 
Minimal 
Component 
Count 


• 
Low Board Space Requirement 


• 
No P.C.B.Track Crossovers Required 


• 
Applications 
Areas 
Include 
Automotive, 
Industrial. 
Telecommunications 
and Consumer Goods 


II 


• 


Motorola 
offers 
a spectrum 
of line drivers 
and re- 


ceivers 
which 
provide 
interfaces 
to 
many 
industry 
standard 
specifications. 
Many of the devices add key 


operational 
features, 
such as hysteresis, 
short circuit 
protection, 
clamp diode protection, 
or special control 
functions. 


These devices are designed to extend the drive capa- 
bilities of today's standard microprocessors. 
All devices 
are fabricated 
with 
Schottky 
TTL technology 
for high 
speed. 


YOl(max} 
Propagation 
YOH(min) 
Delay 
Buffers 


@48mA 
@ -S.2mA 
Max 
Ins) 
Per Package 
Device 
Package 
Comments 


0.5 
2.4 
13 
6 
MC8T951 
U620 
Nonlnverting 
MC6885 
P/648 


0.5 
2.4 
11 
6 
MC8T96/ 
U620 
Inverting 
MC6886 
P/648 


0.5 
2.4 
13 
6 
MC8T971 
U620 
Nonlnverting 
MC6887 
P/648 


0.5 
2.4 
11 
6 
MC8T981 
U620 
Inverting 
MC6888 
P/648 


Hex 3-State 
Buffers/Inverters 
- 
TA = 0° to + 75°C 


These devices differ in that the non-inverting 
MC8T951 


MC6885 and inverting 
MC8T96/MC6886 provide a two- 
input 
Enable which 
controls 
all six buffers, 
while 
the 
non inverting 
MC8T97/MC6887 and inverting 
MC8T981 


MC6888 provide 
two Enable inputs - 
one controlling 
four buffers and the other controlling 
the remaining 
two 
buffers. 


MC8T95/MC6885# 
- 
Noninverting 
MC8T961MC6886# - 
Inverting 
Two-input 
Enable controls 
all six buffers 


MC8T97/MC6887# 
- 
Noninverting 
MC8T981MC6888# - 
Inverting 
Two Enable inputs, one controlling 
four buffers and the 
other controlling 
the remaining 
two buffers . 


•Add inverter for 


MC6886/MC8T96. 


Driver 
Characteristics 
Receiver 
Characteristics 


Output 
Propagation 
Propagation 
Current 
Delay 
Delay 
Transceivers 
Packagel 


(mA) 
Max 
(ns) 
Max 
(ns) 
Per Package 
Device 
Suffix 
Comments 


48 
14 
14 
4 
MC8T26A 
P/648 
Inverting 
Logic 
(MC6880A) 
U620 


48 
17 
17 
4 
MC8T28 
P/648 
Nonlnverting 
Logic 
(MC6889) 
U620 


Driver 
Characteristics 
Receiver 
Characteristies 


Output 
Propagation 
Propagation 
Current 
Delay 
Delay 
Transeeivers 
Packagel 


(mAl 
Max 
(ns) 
Max 
(nsl 
Per Package 
Deviee 
Suffix 
Comments 


48 
50 
50 
4 
MC3446A 
P/648 
MaS 
Compatible, 
Input 
Hysteresis 


48 
30 
50 
8 
MC3447 
P3n24 
Input 
Hysteresis, 
Open 
Collector, 
3-State 


U623 
Outputs 
with 
Terminations 


48 
17 
25 
4 
MC3448A 
P/648 
Input 
Hysteresis, 
Open 
Collector 
3-State 


U620 
Outputs 
with 
Terminations 


100 
30 
30 
4 
MC3440A 
P/648 
Input 
Hysteresis, 
Enable 
for 3 Drivers 


MC3441 A 
Common 
Enable, 
Input 
Hysteresis 


Line Receivers 


General-Purpose 


tprop 
S = Single 
Delay 
Party- 
Ended 
Type' 
Time 
Line 
Strobe 
Power 
Receivers 
0= 
Differ- 
Of 
Max 
Opera- 
Or 
Supplies 
Package! 
Per 
Companion 
ential 
Output 
Ins) 
tion 
Enable 
IV) 
Device 
Suffix 
Package 
Drivers 
Comments 


D 
TP 
25 
Ves 
Ves 
"'5 
MC3450 
P/648 
4 
MC3453 
Quad 
version 
of 
D 
OC 
25 
Ves 
Ves 
",5 
MC3452 
U620 
4 
MC75107/8 


D 
TP 
25 
Ves 
Ves 
",5 
MC75107 
P/646 
2 
MC75S110 
Dual version 
of 
D 
OC 
25 
Ves 
Ves 
"'5 
MC75108 
U632 
2 
MC3450/2 


S 
TP 
30 
Ves 
Ves 
+5 
MC3437 
P/648 
6 
Input 
Hysteresis 
U620 


S 
TP 
30 
Ves 
No 
+5 
MC75125 
P/648 
7 
MC3481 
Schottky 
MC75127 
U620 
MC3485 
Circuitry 


S 
TP 
30 
Ves 
Ves 
+5 
MC75128 
pn38 
8 
MC3481 
Active 
high strobe 
MC75129 
U732 
MC3485 
Active 
low strobe 


tprop 
S = Single 
Delay 
Party- 


Ended 
Type' 
Time 
Line 
Strobe 
Power 
Receivers 
0= 
Differ- 
Of 
Max 
Opera- 
Or 
Supplies 
Packagel 
Per 
Companion 
EIA 
entiat 
Output 
(ns) 
tion 
Enable 
(V) 
Device 
Suffix 
Package 
Drivers 
Standard 


S 
R 
85 
No 
No 
+5 
MC1489 
P/646 
4 
MC1488 
(RS-2321 
MC1489A 
U632 
EIA-232-D 


S,D 
TP 
30 
Ves 
Ves 
+5 
AM26LS32 
P/648 
4 
AM26LS31 
IRS-422/4231 
S,D 
TP 
30 
Ves 
Ves 
+5 
MC3486 
U620 
4 
MC3487 
EIA-422/423 


S, D 
TP 
35 
Ves 
Ves 
+5 
SN75173 
N/648 
4 
SN75172 
IRS-422/423/485) 
S,D 
TP 
35 
Ves 
Ves 
+5 
SN75175 
J/620 
4 
SN75174 
EIA-422/423/485 


Output 
tprop 
Current 
Delay 
S = Single 
Party- 


Capa- 
Time 
Ended 
Line 
Strobe 
Power 
Drivers 


bility 
Max 
D = Differ- 
Opera- 
Or 
Supplies 
Packagel 
Per 
Companion 


(mA) 
(nsl 
entia I 
tion 
Enable 
(V) 
Device 
Suffix 
package 
Receivers 
Comments 


15 
15 
0 
Yes 
Yes 
:oS 
MC3453 
P/648 
4 
MC3450 
Quad 
version 
of 
U620 
MC3452 
MC75S110 


15 
15 
0 
Yes 
Yes 
:oS 
MC75S110 
P 646 
2 
MC75107 
Dual version 
of 
U632 
MC75108 
MC3453 


60 
45 
S 
Yes 
Yes 
+5 
MC3481 
P648 
4 
MC75125 
Short 
Circuit 
U620 
MC75127 
Fault 
Flag 


60 
45 
S 
Yes 
Yes 
+5 
MC3485 
P/648 
4 
MC75128 
Short 
Circuit 


U620 
MC75129 
Fault 
Flag 


Output 
tprop 
Current 
Delay 
S = Single 
Party· 
Capa- 
Time 
Ended 
Line 
Strobe 
Power 
Drivers 


bility 
Max 
D = Differ- 
Opera- 
Or 
Supplies 
Packagel 
Per 
Companion 
(mA) 
(ns) 
entia I 
tion 
Enable 
(V) 
Device 
Suffix 
Package 
Receivers 
EIA Standard 


85 
35 
0 
Yes 
Yes 
+5 
SN75172 
N/648 
4 
SN75173 
(RS-4851 


85 
35 
0 
Yes 
Yes 
+5 
SN75174 
J/620 
4 
SN75175 
EIA·485 


48 
20 
0 
Yes 
Yes 
+5 
MC3487 
P648 
4 
MC3486 
U620 
(RS-4221 
EIA-422 
with 
3-State 
48 
20 
0 
Yes 
Yes 
+5 
AM26LS31 
P/648 
4 
AM26LS32 
Outputs 


0/620 


20 
- 
S 
No 
No 
±12 
MC3488A 
P1/626 
2 
MC3486 
(RS-423/232) 


(I'A9636A) 
U/693 
AM26LS32 
EIA-423/232-0 


10 
350 
S 
No 
Yes 
±9 to 
MC1488 
P/646 
4 
MC1489 
(RS-232) 


± 12 
U632 
MC1489A 
EIA-232-0 


CE = Common 
Enable 
Driver 
Receiver 
DE = Driver 
Prop 
Prop 
Enable 
Party 
Power 
Drivers 
Receivers 


Delay 
Delay 
RE = Receiver 
Line 
Supply 
Packagel 
Per 
Per 
EIA 
(Mex 
ns) 
(Max 
ns) 
Enable 
Operation 
(V) 
Device 
Suffix 
Package 
Package 
Standard 


20 
30 
DE. RE 
Yes 
+5 
MC34050 
U620 
2 
2 
(RS-422) 


P/648 
EIA·422 


20 
30 
DE 
Yes 
+5 
MC34051 
U620 
2 
2 
(RS-4221 
P/648 
EIA-422 


Output 
Current 
Propagation 
Output 
Off State 
Drivers 


Capability 
Input 
Delay 
Time 
Clamp 
Voltage 
Per 
Package/ 
Logic 


(mAl 
Capability 
Max 
(,,5) 
Diode 
Max 
(VI 
Device 
Package 
Suffix 
Function 


300 
TTL,DTL 
1.0 
Yes 
70 
MC1472 
2 
P1/626 
NAND 
U/693 


500 
TTL, 
CMOS, 
1.0 
Yes 
50 
ULN2801 
8 
N707 
Invert 


PMOS 


500 
14 V to 25 V 
1.0 
Yes 
50 
ULN2802 
8 
N707 
Invert 


PMOS 


500 
TTL, 
CMOS 
1.0 
Yes 
50 
ULN2803 
8 
N707 
Invert 


500 
6.0 V to 15 V 
1.0 
Yes 
50 
ULN2804 
8 
N707 
Invert 


MOS 


500 
TTL, 
CMOS 
1.0 
Yes 
50 
MC1411,B 
7 
P/648 
Invert 


PMOS 


500 
14 V to 25 V 
1.0 
Yes 
50 
MC1412,B 
7 
P/648 
Invert 


PMOS 


500 
TTL, 
5.0 V 
1.0 
Yes 
50 
MC1413,B 
7 
P/64B 
Invert 
CMOS 


500 
8.0Vto 
18V 
1.0 
Yes 
50 
MC1416,B 
7 
P/648 
Invert 


MOS 


1500 
TTL, 
5.0 V 
1.0 
Yes 
50 
ULN2068B 
4 
B/648 
Invert 
CMOS 


1500 
TTL, 
5.0 V 
1.0 
No 
50 
ULN2074B 
4 
B/648 
Collector, 
Emitter 
CMOS 
available 
at Pins • 


• 


Device 


MC3467 
MC3469P 
MC3470P,AP 
MC3471P 
MC3480 
TCF6000 


Function 


Triple 
Preamplifier 
. 


Floppy 
Disk Write 
Controller 
. 
Floppy 
Disk Read Amplifier 
System 
. 
Floppy 
Disk Write 
Controller/Head 
Driver 
. 


Memory 
Controller 
Circuit 
. 


Peripheral 
Clamping 
Array 
. 


Device 


MC8T26A 
MC8T28 
MC8T95 
MC8T96 
MC8T97 
MC8T98 
MC6875.A 
MC6880A 
MC6885 
MC6886 
MC6887 
MC6888 
MC6889 


Function 


Quad Three-State 
Bus Transceiver 
. 
Noninverting 
Bus Transceiver 
. 
Hex Three-State 
Buffer/Inverter 
. 


Hex Three-State 
Buffer/Inverter 
. 
Hex Three-State 
Buffer/Inverter 
. 
Hex Three-State 
Buffer/Inverter 
. 
MC6800 Clock Generator/Driver 
. 


Quad Three-State 
Bus Transceiver 
. 
Hex Three-State 
Buffer/Inverter 
. 
Hex Three-State 
Buffer/Inverter 
. 
Hex Three-State 
Buffer/Inverter 
. 


Hex Three-State 
Buffer/Inverter 
. 
Noninverting 
Bus Transceiver 
. 


Device 


MC26S10 
MC3440A 
MC3441 A 
MC3446A 
MC3447 
MC3448A 


Device 


AM26LS32 
MC1489,A 
MC3437 
MC3450 
MC3452 
MC3486 
MC75107 
MC75108 
MC75125 
MC75127 
MC75128 
MC75129 
SN75173 
SN75175 


Function 


Quad Open-Collector 
Bus Transceiver 
. 
Quad Interface 
Bus Transceiver 
. 


Quad Interface 
Bus Transceiver 
. 
Quad Interface 
Bus Transceiver 
. 
Bidirectional 
Instrumentation 
Bus Transceiver 
. 
Quad Three-State 
Bus Transceiver 
. 


Function 


Quad EIA-422/3 
Line Receiver 
with 
Three-State 
Outputs 
. 


Quad MDTL Line Receiver 
. 
Hex Unified 
Bus Receiver 
. 
Quad Line Receiver 
. 


Quad Line Receiver 
. 


Quad EIA-422/423 
Line Receiver 
. 


Dual Line Receiver 
. 


Dual Line Receiver 
. 
Seven-Channel 
Line Receivers 
. 
Seven-Channel 
Line Receivers 
. 
Eight-Ch::mnel 
Line Receivers 
. 


Eight-Channel 
Line Receivers 
. 
Quad EIA-422A13 Line Receiver 
with 
Three-State 
Output 
. 


Quad EIA-422A13 Line Receiver 
with 
Three-State 
Output 
. 


Page 


7-83 
7-88 
7-98 
7-112 
7-123 
7-196 


Page 


7-16 
7-21 
7-26 
7-26 
7-26 
7-26 
7-153 
7-16 
7-26 
7-26 
7-26 
7-26 
7-21 


Page 


7-48 
7-54 
7-54 
7-58 
7-61 
7-67 


Page 


7-13 
7-43 
7-51 
7-72 
7-72 
7-142 
7-171 
7-171 
7-181 
7-181 
7-185 
7-185 
7-191 
7-191 


Device 
AM26LS31 
MC1488 
MC3453 
MC3481 
MC3485 
MC3487 
MC3488A 
MC75S110 
SN75172 
SN75174 


Function 


Quad EIA-422 Line with 
Three-State 
Output 
. 
Quad MDTL Line Driver 
: 
. 


Quad Line Driver 
. 


Quad Single-Ended 
Line Driver 
. 
Quad Single-Ended 
Line Driver 
. 
Quad EIA-422 Line Driver 
with 
Three-State 
Outputs 
. 
Dual EIA-423/232C 
Driver 
. 
Dual Line Driver 
. 
Quad EIA-485 Line Driver 
with 
Three-State 
Output 
. 


Quad EIA-485 Line Driver 
with 
Three-State 
Output 
. 


Device 
MC34050 
MC34051 


Function 


Dual EIA-422/423 
Transceiver 
Dual EIA-422/423 
Transceiver 


Device 
MC1411,B 
MC1412,B 
MC1413,B 
MC1416,B 
MC1472 
ULN2068B 
ULN2074B 
ULN2801 
ULN2802 
ULN2803 
ULN2804 


Application 
Note 


AN708A 
AN781A 
AN917 


Function 


Peripheral 
Driver 
Array 
. 
Peripheral 
Driver 
Array 
. 
Peripheral 
Driver 
Array 
. 
Peripheral 
Driver 
Array 
. 
Dual Peripheral 
Positive 
NAND 
Driver 
. 


Quad 
1.5 A Darlington 
Switch 
. 
Quad 
1.5 A Darlington 
Switch 
. 


Octal Peripheral 
Driver 
Array 
. 


Octal Peripheral 
Driver 
Array 
. 


Octal Peripheral 
Driver 
Array 
. 


Octal Peripheral 
Driver 
Array 
.............•........................... 


Related 
Title 
Device 


Line Driver 
and Receiver 
Considerations 
MC3486 
Revised 
Data - 
Interface 
Standards 
MC3488 
Reading 
and Writing 
in Floppy 
Disk Systems 
Using 
Motorola 
Integrated 
Circuits 
MC3467 


Page 


7-10 
7-37 
7-79 
7-137 
7-137 
7-145 
7-149 
7-176 
7-189 
7-189 


Page 


7-164 
7-164 


Page 


7-30 
7-30 
7-30 
7-30 
7-34 
7-200 
7-204 
7-208 
7-208 
7-208 
7-208 


• 


® MOTOROLA 


QUAD 
LINE DRIVER 
WITH 
NAND 
ENABLED 
THREE·STATE 
OUTPUTS 


The 
Motorola 
AM26LS31 
is a quad 
differential 
line 
driver 


intended for digital data transmission 
over balanced lines. It meets 
all the requirements 
of EIA-422 Standard 
and Federal Standard 
1020. 
The AM26LS31 
provides 
an enable/disable 
function 
common 
to all four drivers as opposed to the split enables on the MC3487 
EIA-422 driver. 


The 
high 
impedance 
output 
state 
is assured 
during 
power 
down. 


• 
Full EIA-422 Standard Compliance 


• 
Single + 5.0 V Supply 


• 
Meets Full Vo = 6.0 V, VCC = 0 V, 10 < 100 /-LA Requirement 


• 
Output Short Circuit Protection 


• 
Complementary 
Outputs for Balanced Line Operation 


• 
High Output Drive Capability 


• 
Advanced 
LS Processing 
• 
PNP Inputs for MOS Compatibility 


Temperature 
Device 
Range 
Package 


AM26LS31DC 
Ceramic 
DIP 


AM26LS31PC 
o to 70°C 
Plastic 
DIP 


MC26LS31D* 
SO-16 


QUAD 
EIA·422 
LINE DRIVER 
WITH 
THREE-STATE 
OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


o SUFAX 
CERAMIC 
PACKAGE 
CASE 
620-10 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
7518-03 
SO-16 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-06 


TRUTH 
TABLE 


Control 
Non·lnverting 
Inverting 
Input 
Inputs 
Output 
Output 
(E/E) 


H 
H/L 
H 
L 
L 
H/L 
L 
H 
X 
L/H 
Z 
Z 


L 
:IE Low Logic State 
H :: High Logic State 
X •••Irrelevant 


Z • Third-5t8te 
(High Impedance) 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
8.0 
Vdc 


Input 
Voltage 
VI 
5.5 
Vdc 


Operating 
Ambient 
Temperature 
Range 
TA 
o to 
+70 
·C 


Operating 
Junction 
Temperature 
Range 
TJ 
·C 


Ceramic 
Package 
175 
Plastic 
Package 
150 


Storage 
Temperature 
Range 
Tsto 
-65to 
+150 
·C 


ELECTRICAL 
CHARACTERISTICS 
(Unless 
otherwise 
noted 
specifications 
apply 
4.75 V '" VCC '" 5.25 V and O·C '" TA '" 70·C. 


Typical 
values 
measured 
at VCC = 5.0 V, and TA 
~ 25·C.1 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Voltage 
- 
low 
logic 
State 
Vil 
- 
- 
0.8 
Vdc 


Input 
Voltage 
- 
High 
logic 
State 
VIH 
2.0 
- 
- 
Vdc 


Input 
Current 
- 
low 
logic 
State 
III 
- 
- 
-360 
p.A 


(Vll 
= 0.4 VI 


Input 
Current 
- 
High 
logic 
State 
IIH 
p.A 


(VIH = 2.7 VI 
- 
- 
+20 
(VIH ~ 7.0 V) 
- 
- 
+100 


Input 
Clamp 
Voltage 
VIK 
- 
- 
-1.5 
V 


(11K= 
-18 
mAl 


Output 
Voltage 
- 
low 
logic 
State 
VOL 
- 
- 
0.5 
V 


(lOl 
= 20 mAl 


Output 
Voltage 
- 
High 
logic 
State 
VOH 
2.5 
- 
- 
V 


(lOH = 
-20 
mAl 


Output 
Short 
Circuit 
Current 
10S 
-30 
- 
-150 
mA 
(VIH = 2.0 VI Note 
1 


Output 
leakage 
Current 
- 
Hi-Z State 
10(Z) 
p.A 


(VOL 
~ 0.5 V, Vll(E) 
~ 0.8 V, VIH(EI 
~ 2.0 VI 
- 
- 
-20 


(VOH = 2.5 V, Vll(EI 
~ 0.8 V, VIH(E) 
~ 2.0 VI 
- 
- 
+20 


Output 
leakage 
Current 
- 
Power 
OFF 
10(off) 
p.A 


(VOH 
~ 6.0 V, VCC = 0 VI 
- 
- 
+100 
(VOL = - 0.25 V, VCC ~ 0 V) 
- 
- 
-100 


Output 
Offset 
Voltage 
Difference, 
Note 
2 
VOS-VOS 
- 
- 
±0.4 
V 


Output 
Differential 
Voltage, 
Note 
2 
VOD 
2.0 
- 
- 
V 


Output 
Differential 
Voltage 
Difference, 
Note 
2 
laVODI 
- 
- 
±0.4 
V 


Power 
Supply 
Current 
ICCX 
- 
60 
80 
mA 
(Output 
Disabled) 
Note 
3 


1. Only one output may be shorted at a time. 
2. See EIA Specification 
EIA-422 for exact test conditions. 


3. Circuit in three-state condition. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Propagation 
Delay Times 
ns 
High to low 
Output 
tpHl 
- 
- 
20 
low 
to High 
Output 
tplH 
- 
- 
20 


Output 
Skew 
- 
- 
6.0 
ns 


Propagation 
Delay - 
Control 
to Output 
ns 
(Cl 
~ 
10 pF, Rl = 75 n to Gnd) 
tpHZ(EI 
- 
- 
30 
(Cl = 10 pF, Rl 
~ 
180 n to VCC) 
tPLZ(E) 
- 
- 
35 
(Cl 
~ 30 pF, Rl = 75 n to Gnd) 
tpZH(E) 
- 
- 
40 
(Cl = 30 pF, Rl 
~ 
180 n to VCC) 
tpZl(E) 
- 
- 
45 


• 


In. 
Pulse generator characteristics 
Output 


Zo' 
50 n 


PAR <: 1.0 MHz 


Control 
Input 
(Enable) 


Control 
Input 
( Enable) 


I 
VOH 


_ 


~ 
:::=r~0.5V 
_ 1 5 V 


tPLZIE)--j 
.~"""5V 
----lT~_ 
------VOL 
------------0 
V 


Zo 
0= 50 n 


PRR <.: 1.0MHz 


50% Duty 
Cycle 


tTLH. tTHL" 
6 os 
1 


~7CL 
= 30pF 


3.0 
V 
Enable 


--- 
VOL 
OV 


tP~H 
l.-'PHL 


VOH 


Output 
1.3 V 
• 
1.3 V 


vOL 


------------- 
0 V 


® MOTOROLA 


Motorola's 
Quad EIA-422/3 Receiver features four independent 
receiver chains which comply with EIA Standards forthe 
Electrical 
Characteristics 
of Balanced/Unbalanced 
Voltage 
Digital 
Interface 
Circuits. Receiver outputs 
are 74LS compatible, 
three-state 
struc- 
tures which 
are forced to a high impedance 
state when 
Pin 4 is 
a Logic "0" 
and Pin 12 is a Logic "1." A PNP device buffers each 
output 
control 
pin to assure minimum 
loading 
for either 
Logic 
"1" or Logic "0" 
inputs. In addition, 
each receiver chain has inter- 
nal hysteresis 
circuitry 
to improve 
noise margin 
and discourage 
output 
instability 
for slowly 
changing 
input waveforms. 
A sum- 
mary of AM26LS32 
features 
include: 


• 
Four Independent ReceiverChains 


• 
Three-State Outputs 


• 
High Impedance Output Control Inputs 
(PIA Compatible) 


• 
Internal Hysteresis - 
30 mV (Typ) @ Zero Volts Common Mode 


• 
Fast Propagation Times - 
25 ns ITyp) 


• 
TTL Compatible 


• 
Single 5 V Supply Voltage 


• 
Fail-Safe Input-Output 
Relationship. Output 
Always 
High When 
Inputs Are Open, Terminated or Shorted 


• 
6K Minimum Input Impedance 


Three-State 
Control 


Inputs 


QUAD 
EIA-422/3 
LINE RECEIVER 
WITH 
THREE-STATE 
OUTPUTS 


D SUFFIX 
CERAMICPACKAGE 
CASE620-10 


D SUFFIX 
PLASTICPACKAGE 
CASE7518-03 
SO-16,- 
1 


P SUFFIX 
PLASTICPACKAGE 
CASE648-06 


Outputs A{ 
2 


3-State 
• 
Control 


Output 
C 
5 


Output 8 
3·State 
Control 


Output 0 
Inputs C { 
• 


ORDERINGINFORMATION 


Device 
Temperature 
Package 


AM26LS32DC 
Ceramic DIP 


AM26LS32PC 
o to 70·C 
Plastic DIP 


MC26LS32D* 
SO-16 


II 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
7.0 
Vdc 


Input Common Mode Voltage 
VICM 
±25 
Vdc 


Input 
Differential 
Voltage 
VID 
+25 
Vdc 


Three-State 
Control Input Voltage 
VI 
7.0 
Vdc 


Output 
Sink 
Current 
10 
50 
mA 


Storage 
Temperature 
Tstg 
-65to 
+150 
°c 


Operating 
Junction 
Temperature 
TJ 
°c 


Ceramic Package 
+ 175 


Plastic 
Package 
+ 150 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
4.75'05.25 
Vdc 


Operating 
Ambient 
Temperature 
TA 
o to + 70 
°c 


Input 
Common 
Mode 
Voltage 
Range 
VICR 
- 7.0 to + 7.0 
Vdc 


Input 
Differential 
Voltage 
Range 
VIDR 
6.0 
Vdc 


ELECTRICAL 
CHARACTERISTICS 
(Unless otherwise noted minimum and maximum 
limits apply over recommended 
temperature and 


power supply voltage ranges. Typical values are for TA 
= 25°C. Vec 
= 5.0 V and Vie = O.V. See 


Note 1.1 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Unit 


Input 
Voltage 
- 
High 
Logic 
State 
VIH 
2.0 
- 
- 
V 


{Three-State 
Control I 


Input 
Voltage 
- 
Low 
Logic 
State 
VIL 
- 
- 
0.8 
V 


(Three-State 
Control I 


Differential 
Input 
Threshold 
Voltage 
(Note 
21 
VTHIDI 
V 


(-7.0 
V '" VIC '" 7.0 V, VIH = 2.0 VI 
110 ~ 
- 0.4 mA, VOH '" 2.7 VI 
- 
- 
0.2 


IIQ = 8.0 mA, VOL'" 
0.45 VI 
- 
- 
-0.2 


Input 
Bias 
Current 
1181DI 
mA 


IVCC = 0 V or 5.251 10ther Inpu's a' - 15 V " 
Vin " 
+15 VI 


Vin 
= 
+15V 
- 
- 
23 


Vin 
= 
-15 
V 
- 
- 
-2.8 


Input 
Resistance 
( 
15V" 
Vin 
" 
+15VI 
Rin 
6.0 K 
Ohms 


Input 
Balance 
and 
Output 
Level 
V 


1-7.0V" 
VIC" 
7.0V, 
VIH = 2.0 V, 


See No.e31 


(10 = -0.4 
mA, VID = 0.4 VI 
VOH 
2.7 
- 
- 


(10 = 8.0 mA, VID = -0.4 
VI 
VOL 
- 
- 
0.45 


Output 
Third 
State 
Leakage 
Current 
10Z 
~A 


IVIIDI 
~ 
+ 3.0 V, VIL = 0.8 V, Vo = 0.4 VI 
- 
- 
-20 


IVIIDI = 
-3.0 
V, VIL = 0.8 V, Vo = 2.4 VI 
- 
- 
20 


Output 
Short 
Circuit 
Current 
105 
-15 
- 
-85 
mA 


(VI(DI = 3.0 V, VIH 
~ 2.0 V, Vo = 0 V, 


See Note 4) 


Input 
Current 
- 
Low 
Logic 
State 
IlL 
- 
- 
-360 
~A 


(Three-State 
Control) 


IVIL = 0.4 V) 


Input 
Current 
High 
Logic 
State 
IIH 
~A 


(Three-State 
Control) 


IVIH = 2.7 VI 
- 
- 
20 


IVIH ~ 5.5 VI 
- 
- 
100 


Input Clamp Diode Vohage 
VIK 
- 
- 
-1.5 
V 
(Three-State 
Control) 


(lIC = 
-18mAI 


Power 
Supply 
Current 
ICC 
70 
mA 


IVIL ~ 0 VI IAlllnpuls 
Grounded) 


1. All 
currents 
into 
device 
pins 
are 
shown 
as positive. 
out 
of device 
pins 
are 
negative. 
All voltages 
referenced 
to ground 
unless 
otherwise 
noted. 


2. 
Differential 
input 
threshold 
voltage 
and 
guaranteed 
output 
levels 
are 
done 
simultaneously 
for worst 
case. 


3. 
Refer 
to EIA-42213 
for 
exact 
conditions. 
Input 
balance 
and 
guaranteed 
output 
levels 
are 
done 
simultaneously 
for 
worst 
case. 


4. 
Only 
one 
output 
at a time 
should 
be shorted. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Propagation Delay Time - 
Differential 
ns 


Inputs to Output 


(Output High to Low) 
tpHlIOI 
- 
- 
30 


(Output Low to High) 
tpLHIOI 
- 
- 
30 


Propagation Delay Time - 
Three-State 
ns 


Control to Output 


(Output Low to Third Statel 
tpLZ 
- 
- 
35 


(Output High to Third statel 
tpHZ 
- 
- 
35 


(Output Third State to Highl 
tPZH 
- 
- 
30 


IOutput Third State to Low) 
tPZL 
- 
- 
30 


+2.5V~ Input 
0 V 
0 V 


~:L:~OI~- 
- - -- 
tpHLID) 


VOH 
VOL Output 
1.3 V 
1.3 V 


OV----------- 


Input Pulse Characteristics 
tTLH = tTHL - 
6.0 ns 110% to 90%1 


PRR = 1.0 MHz. 50% Duty Cycle 


CL = 15 pF 
(Includes Probe 
and Stray 
Capacitance) 


Input Pulse Characteristics 


tTLH = tTHL = 6.0 ns 110% to 90%1 
PRR = 1.0 MHz. 50% Duty Cycle 


To Scope 


(Input) 
3-State 


Control 


CL=15pF I 
(Includes 


Probe and Stray 
':" 
Capacitance) 
i 


SW2 


Input 
30V~CIOsed 
,::-~::~;:'~ 


Output 
"'1.3V =-=-=- 
---ov 


Input 
30V 
~::~ 
o V - - 
SWl 
Closed 


~ 
tPLZ 
SW2 Closed 


OutPu~ 1 3 V ------r~5 


VOL __ 
£§) V 
~ 
---1------0 V 


30V 
tpZH 


~ 


5V 
SW10pen 


OV ~--- 
tP~'::2Closed 


VOH 
Output 
1.5 V 
OV --- 


3.0V 
tpZL 


I 
~5V 
SW1Closed 
nput 0 V _ _. 
SW2 Open 


~ 


PZL 


"'5.0V 
- 
VBe --- 
Output 
1.5V 
VOL ----- 
- 
--OV 


• 


® MOTOROLA 


This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, 
due to its high impedance PNP transistor 


input, and high-speedoperation made possible by the use of Schottky 
diode clamping. Both the -48 
mA driver and -20 
mA receiver out- 


puts are short-circuit protected and employ three-state enabling inputs. 
The device is useful as a bus extender in systems employing the 
M6800 family 
or other comparable MPU devices. The maximum 
input 
current 
of 
200 IlA 
at any of the device input 
pins assures 


proper 
operation 
despite the limited 
drive capability 
of the MPU 
chip. 
The inputs 
are also protected 
with 
Schottky-barrier 
diode 
clamps to suppress excessive 
undershoot 
voltages. 


The MC8T26A is identical to the NE8T26A and it ope.ates from 
a single +5 V supply. 


• 
High Impedance Inputs 


• 
Single Power Supply 


• 
High Speed Schottky Technology 


• 
Three-State 
Drivers 
and 
Receivers 


• 
Compatible with M6800 Family Microprocessor 


MCST26A 


(MC6880A) 


QUAD 
THREE-STATE 
BUS TRANSCEIVER 


MONOLITHIC 
SCHOTTKY 
INTEGRATED 
CIRCUITS 


L SUFFIX 
CERAMICPACKAGE 
CASE620-10 - 


1 


P SUFFIX 
PLASTICPACKAGE 
CASE648-06 


A~ceiver 
Enable 
Input 


Receiver 
Output 
2 
, 


Driver 
Enable 
Input 


'4 
Receiver 
Output 


4 


Driver 
Input 


4 
Receiver 
Output 
3 


ORDERING 
INFORMATION 


Temperature 


Device 
Alternate 
Range 
Package 


MC8T26AL 
MC6880AL 
Ceramic 
DIP 
o to + 75°C 


MC8T26AP 
MC6880AP 
Plastic 
DIP 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
8.0 
Vdc 


Input Voltage 
VI 
5.5 
Vdc 


Junction Temperature 
TJ 
°c 
Ceramic Package 
175 
Plastic Package 
150 


Operating Ambient Temperature Range 
TA 
o to +75 
°c 


Storage Temperature Range 
Tstg 
-65 to+150 
uC 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Current - 
Low Logic State 
(ReceIver Enable Input, VILlRE) 
= 0.4 VI 
IIL!REI 
- 
- 
-200 
~A 
(Driver Enable Input. VI L1DE) :: 0.4 VI 
IILlDEI 
- 
- 
-200 


(Driver Input, VILID) 
= 0.4 VI 
'ILiDI 
- 
- 
-200 


(Bus IReceIver) 
Input. VI LIB) = 0.4 V) 
IILlBI 
- 
- 
-200 


Input Disabled Current - 
Low Logic State 
IILlD) 
DIS 
IDriver Input, VILID) 
= 0.4 VI 
- 
- 
-25 
~A 


Input Current· 
High 
Logic State 
(Receiver Enable Input. VIH(RE):: 
5.25 VI 
'IHIREJ 
- 
- 
25 
~A 
{Driver Enable Input, VIH(OEI'= 
5.25 VI 
II HIDEI 
- 
- 
25 


(Dnver Input. VIH(DI 
= 5.25 V) 
IIHIDI 
- 
- 
25 


(Receiver Input, VIH(B) 
== 5.25 V) 
IIHIB) 
- 
- 
100 


Input Voltage - 
Low Logic State 


(Receiver Enable Input) 
VILIREI 
- 
- 
0.85 
V 


(Dnver Enable Input 
VI LlDE I 
- 
- 
0.85 


(Dnver Inputl 
VILIDI 
- 
- 
0.85 


(Receiver Inputl 
VILIBI 
- 
- 
0.85 


Input Voltage - 
High Logic State 
(Receiver Enable Input) 
VIHlREI 
2.0 
- 
- 
V 
(Dnver Enable Input) 
VIHIDEI 
2.0 
- 
- 
(Dnver Inputl 
VIHIDI 
2.0 
- 
- 


(Receiver Input) 
VIHIBI 
2.0 
- 
- 


Output Voltage - 
Low Logic State 


(Bus Drived Output, IOUB) 
= 48 mAl 
VOLIBI 
- 
- 
0.5 
V 
(Receiver Output, lOUR) 
= 20 mAl 
VOLIRI 
- 
- 
0.5 


Output VottlJge- 
High Logic State 


IBus IDriver! Output, 
10HIBI = -10 
mAl 
VOHIBI 
2.4 
3.1 
- 
V 
(Receiver Output, IOH(R) 
= -2.0 
mA) 
VOHIRI 
2.4 
3.1 
- 


(Receiver Output, IOH(R) 
'" -100 
IJA, VCC '" 5.0 V) 
3.5 
- 
- 


Output Disabled Leakage Current - 
High Logic State 


(Bus Driver) Output, VOH (8) '" 2.4 V) 
'OHLIBI 
- 
- 
100 
~A 
(Receiver Output, VOH(RI 
'" 2.4 VI 
10HLlRJ 
- 
- 
100 


Output Disabled LeakageCurrent - 
Low Logic State 


IBus Output, VOLIBI 
= 0.5 VI 
10LLIBI 
- 
- 
-100 
~A 
IReceiver Output, VOLIRI 
= 0.5 V) 
10LLIR) 
- 
- 
-100 


Input Clamp Voltage 


(Driver Enable Input IID(DE) 
'" -12 
mA) 
VICIDEI 
- 
- 
-1.0 
V 
(Receiver Enable Input IICIRE) 
== +12 mAl 
VICIREI 
- 
- 
-1.0 
IDriver Input IICIDI 
= -12 mAl 
VICIDI 
- 
- 
-1.0 


Output Short Circuit Current, VCC "'"5.25 V, Note 1 
IBus IDriver) Output! 
10SIB) 
-50 
- 
-150 
mA 
(Receiver Output) 
10SIRI 
-30 
- 
-75 
Power Supply Current 
ICC 
- 
- 
87 
mA 
IVCC = 5.25 VI 


• 


Characteristic 
Symbol 
Figure 
Min 
Mox 
Unit 


Propagation Delay Time from 
Receiver (Bus) Input to 
IPLHIR) 
1 
- 
14 
ns 


High Logic State Receiver Output 


Propagation 
Delay Time from Receiver (Bus) Input to 
IpHLIR) 
1 
- 
14 
ns 


Low Logic State Receiver Output 


Propagation 
Delay Time 
from Driver Input to 
IPLH(OI 
2 
- 
14 
ns 


High logic State Driver (Bus) Output 


Propagation Delay Time from Driver I nput to 
IpHL(OI 
2 
- 
14 
ns 


Low Logic State Driver (Bus) Output 


Propagation Delay Time from 
Receiver Enable Input to 
IpLZIREI 
3 
- 
15 
ns 


High Impedance (Open) 
Logic State Receiver Output 


Propagation 
Delay Time from Receiver Enable Input to 
IPZLlREI 
3 
- 
20 
ns 


Low Logic Level Receiver Output 


Propagation Delay Time from Driver Enable Input to 
IpLZ(OEI 
4 
- 
20 
ns 


High Impedance 
Logic State Driver (Bus) Output 


Propagation Delay Time from Driver Enable Input to 
IPZL(OEI 
4 
- 
25 
ns 


Low Logic State Driver (Bus) Output 


FIGURE 
1 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
FROM 


BUS 
(RECEIVER! 
INPUT 
TO 
RECEIVER 
OUTPUT. 
IPLHIR) 
AND 
IpHLlR) 


ov 


tpHL(AI 


VOH----~ 


Receiver 
~ 
Input 


Driver 
Enable 
Input 


FIGURE 2 - TEST CIRCUIT 
AND WAVEFORMS 
FOR PROPAGATION 
DELAY 
TIME 
FROM 


DRIVER 
INPUT TO BUS (DRIVER) 
OUTPUT, tpLH(Dl 
AND 
tpHL(D) 


ov 


tpHUOI 
VOH------ 


Driver 
Enable 
Input 


Driver 


(Bus) 


OutPut 


~~ 


Input 


FIGURE 3 - TEST CIRCUIT 
AND WAVEFORMS 
FOR PROPAGATION 
DELAY 
TIME FROM 


RECEIVER 
ENABLE 
INPUT TO RECEIVER 
OUTPUT, tPLZ(REI 
AND tpZL(RE) 


OV 


tpLZ(RE) 
"'=3.5V----- 


5.0 V 


To Scope 
(Output) 


Receiver 
2.4 k 
240 


Output 


1N916 
5.0 
k 
30 pF 
or Equiv. 


• 


FIGURE 4 - TEST CIRCUIT 
AND WAVEFORMS 
FOR PROPAGATION 
DELAY 
TIMES FROM 


DRIVER 
ENABLE 
INPUT TO DRIVER 
(BUSI OUTPUT, tpLZ(DEI 
AND tpZLIDE) 


oil 


tpZL(DE) 


::=:.3.5V----~ 


Receiver 
En8bie 
Input 


® MOTOROLA 


NON INVERTING 
QUAD THREE·STATE BUS TRANSCEIVER 
This quad three-state 
bus transceiver 
features 
both excellent 
MOS or MPU compatibility, 
due to its high impedance 
PNP tran- 


sistor input, and high-speed 
operation 
made possible by the use 
of Schottky 
diode clamping. 
Both the 
-48 
mA driver 
and 
-20 
mA receiver outputs are short circuit protected and employ three- 
state enabling 
inputs. 
The device is useful as a bus extender 
in systems employing 
the M6800 family 
or other comparable 
MPU devices. The maxi- 
mum 
input 
current 
of 200 IJ-A at any of the device 
input 
pins 
assures proper 
operation 
despite the limited 
drive capability 
of 
the MPU chip. The inputs are also protected with Schottky-barrier 
diode clamps to suppress excessive undershoot 
voltages. 


Propagation 
delay times for the driver portion 
are 17 ns max- 
imum while the receiver portion 
runs 17 ns. The MC8T28 is iden- 


tical to the NE8T28 and it operates from a single + 5 V supply. 


• 
High Impedance Inputs 


• 
Single Power Supply 


• 
High Speed Schottky Technology 


• 
Three-State 
Drivers 
and Receivers 


• 
Compatible with M6800 Family Microprocessor 


• 
Non-Inverting 


MC8T28 


(MC6889) 


NONINVERTING 
BUS TRANSCEIVER 


MONOLITHIC 
SCHOTTKY 
INTEGRATED 
CIRCUITS 
- 


- 
I 
- 


,. 
1 
~ - 


1 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620-10 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-06 


Receiver 
Enable 


Input 


Receiver 
Output 
2 
, 


Driver 
Enable 
Input 


Driver 
Input 
4 
, 


Receiver 


Output 
5 


2 


Receiver 
Output 


4 


Driver 
Input 


4 
Receiver 
Output 
3 
Driver 
Input 
7 


2 


ORDERING 
INFORMATION 


Temperature 


Device 
Alternate 
Range 
Package 


MC8T28l 
MC6889l 
o to + 75°C 
Ceramic 
DIP 


MC8T28P 
MC6889P 
Oto +75°C 
Plastic 
DIP 


•• 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
8.0 
Vdc 


Input Voltage 
VI 
5.5 
Vdc 


Junction Temperature 
TJ 
°c 
Ceramic 
Package 
175 


Plastic 
Package 
150 


Operating Ambient Temperature Range 
TA 
o to +75 
°c 


Storage Temperature Range 
Tstg 
-65 to+150 
C 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Unit 


Input Current - 
Low Logic State 


(Receiver 
Enable 
Input. 
VIL(AE) 
"" 0.4 
VI 
IIURE) 
- 
- 
-200 
"A 
(Driller 
Enable 
Input, 
VILlOE) 
= 0.4 
VI 
'I UoE) 
- 
- 
-200 


(Driver 
I "put, 
VI L( OJ 
== 0.4 
V) 
IIUo) 
- 
- 
-200 


(Bus 
I Receiverl 
Input, 
Ville) 
= 0.4 
Vl 
'IUBI 
- 
-- 
-200 


Input Disabled Current 
- 
Low Logic State 
IILlo) 
olS 


(Driver 
Input, 
VIL(O) 
= 0.4 
V) 
- 
- 
-25 
"A 


Input 
Current-High 
LogiC 
State 
(Receiver Enable Input, 
V1H(AEI 
= 5.25 VI 
IIHlRE) 
- 
- 
25 
"A 
(Dnver 
Enable 
Input. 
VI HIDE)'= 
5.25 
VI 
IIH(OE) 
- 
- 
25 


(Driver 
Input. 
VI HID) 
"" 5.25 
VI 
'IHlol 
- 
- 
25 


Input Voltage - 
Low logiC 
State 


(Receiver 
e"able 
Input) 
VIUREI 
- 
- 
0.B5 
V 


(Driver Enable Input 
VILIoEI 
- 
- 
0.85 
(Driver Inputl 
VILlo) 
- 
- 
0.85 


(Receiver Inputl 
VI UBI 
- 
- 
0.85 


Input Voltage - 
High Logic State 
(Receiver Enable Inputl 
V'HlREI 
2.0 
- 
- 
V 


(Driver Enable Input) 
VI HIDE) 
2.0 
- 
- 


(Driver Inputl 
VIHID) 
2.0 
- 
- 


(Receiver Input) 
VIHlB) 
2.0 
- 
- 


Output Voltage - 
Low Logic State 
(Bus Driver) Output, IOUB) 
= 48 mA) 
VoLlB) 
- 
- 
0.5 
V 


(Receiver Output, lOUR) 
= 20 mA) 
VOLIRI 
- 
- 
0.5 


Output Voltage - 
High Logic State 


(Bus (Driver) Output, IOH(B) = -10 
mAl 
VoHIBI 
2.4 
3.1 
- 
V 
(Receiver Output, IOH(R) 
= -2.0 
mAl 
VoHlR) 
2.4 
3.1 
- 


(Receiver Output, IOHIR) 
= -100/J.J.A,VCC = 5.0 V) 
3.5 
- 
- 


Output Disabled Leakage Current - 
High Logic State 
(Bus Driver) Output, VOHIB) 
= 2.4 VI 
10HLlB) 
- 
- 
100 
"A 
(Receiver Output, VOH(R) 
= 2.4 V) 
IOHLlR) 
- 
- 
100 


Output Disabled Leakage Current - 
Low Logic State 


lBus Output. VoLIB) 
= 0.5 VI 
10LLlBI 
- 
- 
-100 
"A 
(Receiver Output, VOUR) 
= 0.5 VI 
IOLLlR) 
- 
- 
-100 


Input Clamp Voltage 


(Driver Enable Input IIO(OE) 
= -12 
mAl 
VICloEI 
- 
- 
-1.0 
V 


(Receiver Enable Input IIC(RE) 
= +12 mA) 
VIClRE) 
- 
- 
-1.0 
loriver 
InputllCID) 
= -12 mAl 
VIClol 
- 
- 
-1.0 


Output Short Circuit Current, VCC - 
5.25 V, Note 1 
IBus (Driver) Output) 
105(8) 
-50 
- 
-150 
mA 
(Receiver Output) 
10SIR) 
-30 
- 
-75 
Power Suppty Curren t 
ICC 
- 
110 
mA 
(VCC' 
5.25 VI 


Characteristic 
Symbol 
Min 
Max 
Unit 


Propagation Delay Time-Receiver 
(CL - 30 pF) 
tPLHIRI 
- 
17 
n. 


tpHLIR) 
17 


Propagation Delay Time-Driver 
tCl = 300 pFI 
tPLHID) 
- 
17 
n. 


tPHLIDI 
17 


Propagation Delay Time-Enable 
(Cl = 30 pF) 
tpZLIR) 
- 
23 
n. 


- 
Receiver 
tPLZIRI 
- 
18 


- 
Driver 
Enable 
ICL 300 
pFI 
tpZL(DI 
- 
28 


tPLZ(D) 
- 
23 


FIGURE 
1 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
FROM 


BUS 
(RECEIVER) 
INPUT 
TO 
RECEIVER 
OUTPUT. 
tPLH(R) 
AND 
tPHL(R) 


Receiver 
~ 
Input 


Driver 
Enable 
Input 


II 


II 


FIGURE 
2 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
TIME 
FROM 


DRIVER 
INPUT 
TO 
BUS 
IDRIVERl 
OUTPUT, 
tPLH(Dl 
AND 
tpHL(D) 


Driver 
Enable 
Input 


ov----- 


tpHLlOJ 


VOH------ 


Receiver 
~ 
Input 


DrIver 


IBus) 
Output 


FIGURE 
3 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
TIME 
FROM 


RECEIVER 
ENABLE 
INPUT 
TO 
RECEIVER 
OUTPUT, 
tPLZIRE) 
AND 
tpZLIREl 


ov 


tPLZ("Ff"E) 


~3.5V 
----- 
,r tpZL(RE) 


'.5V~ ------ 


FIGURE 
4 - 
TEST 
CIRCUIT 
AND 
WAVEFORMS 
FOR 
PROPAGATION 
DELAY 
TIMES 
FROM 


DRIVER 
ENABLE 
INPUT 
TO 
DRIVER 
IBUS) 
OUTPUT. 
tPLZIDE) 
AND 
tpZL(DEI 


oii 


tpZLIDEI 


==3.5 
V----~ 


~ 
Enable 
Input 
T 300pF 
III 


• 
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This series of 
devices combines three features usually found 


desirable in bus-oriented systems: 1) High impedance logic inputs 


insure 
that 
these 
devices 
do not seriously 
load 
the 
bus; 2) Three-state 


logic configuration 
allows buffers not being utilized to be effectively 


removed from 
the bus; 3) Schottky 
technology allows high-speed 


operation. 


The devices differ 
in that the non-inverting MC8T95/MC6885 
and inverting MC8T96/MC6886 
provide a two-input 
Enable which 
controls 
all six buffers, while the non-inverting MC8T97/MC6887 
and inverting MC8T98/MC6888 
provide two 
Enable inputs - 
one 
controlling 
four 
buffers and the other controlling 
the remaining 
two buffers. 


The units are well-suited for Address buffers on the M6800 or 


similar 
microprocessor 
application 
. 


• 
High Speed - 8.0 ns (Typ) 
• 
Three-State Logic Configuration 


• 
Single +5 V Power Supply Requirement 


• 
Compatible with 74LS Logic or M6800 Microprocessor Systems 


• 
High Impedance PNP Inputs Assure Minimal Loading of the Bus 


MC8T95 
(MC6885) 
MC8T96 
(MC6886) 
MC8T97 
(MC6887) 
MC8T98 
(MC6888) 


HEX THREE·STATE 
BUFFER/INVERTERS 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620·10 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648·06 


INPUT EQUIVALENT 
CIRCUIT 


vcc 


OROERING 
INFORMATION 


(Temperature 
Range 
for 
the 
following 
devices 
- 


o to +7SoC) 


DEVICE 
ALTERNATE 
PACKAGE 


MCBT95L 
MC6885L 
Ceramic 
DIP 
MCBT96L 
MC6886L 
Ceramic 
OIP 
MCBT97L 
MC6887L 
Ceramic 
OIP 
MC8T98L 
MC6888L 
Ceramic 
DIP 
MC8T95P 
MC688SP 
Plastic 
DIP 
MCBT96P 
Me6Se6P 
Plastic DIP 
MeBT97P 
MC6SS7P 
Plastic 
DIP 


MC8T98P 
Me6SeSp 
PI.stlc 
DIP 


Enable 2 
~1 
Input 
Output 


L 
L 
L 
L 
L 
L 
H 
H 
L 
H 
X 
Z 
H 
L 
X 
Z 


H 
H 
X 
Z 


Enable 2 
Enable 1 
Input 
Output 


L 
L 
L 
H 
L 
L 
H 
L 
L 
H 
X 
Z 
H 
L 
X 
Z 
H 
H 
X 
Z 


Enable 
Input 
Output 


L 
L 
L 


L 
H 
H 
H 
X 
Z 


L '" Low 
Logic State 
H = High 
Logic State 


Z 
"" Third 
(High 
Impedance) 
State 


X =- Irrelevant 


Enable 
Input 
Output 


L 
L 
H 


L 
H 
L 


H 
X 
Z 


Rating 
Symbol 
Value 
Unit 


Power 
Supply Voltage 
Vrr 
8.0 
Vdc 


Input Voltage 
VI 
5.5 
Vdc 


Operating Ambient Temperature Range 
TA 
o to +75 
°c 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


Operating Junction Temperature 
TJ 
°c 
Plastic Package 
150 


Ceramic Package 
175 


•• 


• 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Voltage - 
High Logic State 
VIH 
2.0 
- 
- 
V 


1VCC: 
4.75 
V, TA: 
250Cl 


Input Voltage - 
Low Logic State 
Vil 
- 
- 
0.8 
V 


(VCC' 
4.75 V, TA' 
250CI 


Input Current 
High Logic State 
IIH 
40 
~A 


(VCC' 
5.25 V, VIH = 2.4 VI 


Input Current - 
Low Logic State 
III 
-400 
~A 


IVCC' 
5.25 V, Vil' 
0.5 V, VIUOI' 
0.5 VI 


Input Current - 
High Impedance State 
IIHltl 
- 
- 
-40 
~A 


IVCC = 5.25 V, VllIIl 
= 0.5 V, VIHltl= 
2.0 VI 


Output 
Voltage 
- 
High logic State 
VOH 
2.4 
- 
- 
V 


IVCC = 4.75 V, 10H = -5.2 
mAl 


Output Voltage - 
Low Logic State 
Val 
- 
- 
0.5 
V 


1I0l 
= 48 mAl 


Output Current - 
High Impedance State 
102 
~A 


IVCC = 5.25 V, VOH = 2.4 VI 
- 
- 
40 


IVCC' 
5.25 V, Val 
= 0.5 VI 
- 
- 
-40 


Output Short-Circuit 
Current 
10S 
-40 
-80 
-115 
mA 


IVCC = 5.25 V, Va 
= 01 


(only one output can be shorted at a time) 


Power Supply Current 
ICC 
mA 


IVCC = 5.25 VI 
MC8T95, 
MC8T97, 
MC6885, 
MC6887 
- 
65 
98 
MC8T96, 
MC8T98, 
MC6886, 
MC6888 
- 
59 
89 


Input 
Clamp 
Voltage 
VIC 
- 
- 
-1.5 
V 


IVCC' 
4.75 V,IIC 
= -12 mAl 


Output VCC Clamp Voltage 
VOC 
1.5 
V 


IVCC' 
0, lac 
= 12 mAl 


Output God Clamp Voltage 
VOC 
- 
- 
-1.5 
V 


IVCC = 0, lac 
= -12 mAl 


Input Voltage 
VI 
5.5 
- 
- 
V 
III = 1.0 mAl 


MC8T95/97 
MC8T96/98 
MC6885/87 
MC6886/88 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Propagation Delay Time - 
High to Low State 
tPHl 
ns 


(Cl 
= 50 pFI 
3.0 
- 
12 
4.0 
- 
11 


(Cl 
= 250 pFI 
- 
16 
- 
- 
15 
- 


1Cl • 375 pFI 
- 
20 
- 
- 
18 
- 
1Cl: 
500 pFI 
- 
23 
- 
- 
22 
- 


Propagation 
Delay Time - 
Low to High State 
tPlH 
ns 
1Cl' 
50 pFI 
3.0 
- 
13 
3.0 
- 
10 


ICl 
= 250 pFI 
- 
25 
- 
- 
22 
- 


(Cl 
= 375 pFI 
- 
33 
- 
- 
28 
- 


1Cl = 500 pFl 
- 
42 
- 
- 
35 
- 


Transition Time - 
High to Low State 
tTHl 
ns 


1Cl: 
250 pFI 
- 
10 
- 
- 
10 
- 
(Cl: 
375 pFI 
- 
11 
- 
- 
13 
- 


1Cl = 500 pFl 
- 
14 
- 
- 
15 
- 


Transition Time 
low 
to High State 
tTlH 
ns 
1Cl = 250 pFI 
- 
32 
- 
- 
28 
- 


1Cl = 375 pFl 
- 
42 
- 
- 
38 
- 
1Cl' 
500 pFl 
- 
60 
- 
- 
53 
- 


Propagation Delay Time - 
High State to Third State 
tpHZIEI 
- 
- 
10 
- 
- 
10 
ns 
1Cl = 5.0 pFI 


Propagation Delay Time - 
Low State to Third State 
tPlZIEI 
- 
- 
12 
- 
- 
16 
ns 
ICl 
= 5.0 pFI 


Propagation 
Delay 
Time 
- 
Third State 
to High State 
tPZHIEl 
- 
- 
25 
- 
- 
22 
ns 
1Cl = 50 pFI 


Propagation Delay Time - Third State to Low State 
tpZllEI 
- 
- 
25 
- 
- 
24 
ns 


ICl 
= 50 pFl 


Open for tpZH(E') Test Only 


+S V 
~ 
200 


.n. 


Pulse 
Generator 


1.0 k 
Open 
for 
1tPZLiE) 
Test Only 


Output 
MC8T96.MC6886 


MCBT98 
or Me68e8 


Output 
MC8T9S 
..MC688S 


MC8T97 
or MC68S7 


Input 
Pulse Conditions 
tTHL'" 
tTLH" 
10 ns 


f'" 
1.0 MHz 


VOH 
----'- 


Output 
~V 


tPHZIEII[::: 


<':1.5 
V 


3.0 
V 


Enable 
!SV 


0 


/ 


3.0V 


Enable 


o-----'-·Sr 


V 


O.SV 
~'.SV 


Output 
VOL----- 
L 


tPLZ(El 


------~'--.,-.-S-V------ 
3.0V 


~ 
Enable 


tPZ~IEI.-l I 
0 


\.'_.S_V____ 
Output 


.•• 
VOL 


------\' 
---,.-S-V-----3.O 
V 


. 
Enable 


tPZHIEI--.l 
I-- 
0 
yl/:V----VOH 


Output 
------~ 


III 


• 


® MOTOROLA 


HIGH VOLTAGE, HIGH CURRENT 
DARLINGTON TRANSISTOR ARRAYS 


The seven NPN Darlington connected transistors in these arrays 
are well suited for driving 
lamps, relays, or printer hammers in a 
variety of industrial 
and consumer applications. 
Their high break- 


down voltage 
and internal 
suppression 
diodes insure freedom 
from problems 
associated with inductive 
loads. Peak inrush cur- 
rents to 600 mA permit them to drive incandescent 
lamps. 


The MC1411,B device is a general purpose array for use with 
DTL, TTL, PMOS, or CMOS Logic. The MC1412,B contains a zener 
diode and resistor in series with the input to limit input current 
for use with 14 to 25 Volt PMOS Logic. The MC1413,B with a 2.7 
kfl series input resistor is well suited for systems utilizing a 5 Volt 
TTL or CMOS Logic. The MC1416,B uses a series 10.5 kfl resistor 
and is useful in 8 to 18 Volt MOS systems. 


MAXIMUM 
RATINGS 
(T A 
~ 
25°C and 
rating 
apply 
to anyone 
device 
in the 


package 
unless 
otherwise 
noted.) 


Rating 
Symbol 
Value 
Unit 


Output 
Voltage 
Vo 
50' 
V 


Input 
Voltage 
(Except 
MC1411) 
VI 
30 
V 


Collector 
Current 
- 
Continuous 
IC 
500 
mA 


Base Current 
- 
Continuous 
IB 
25 
mA 


Operating 
Ambient 
Temperature 
Range 
TA 
°c 


MC1411-16 
-20 
to 
+85 
MC1411B-16B 
-40 
to 
+85 


Storage 
Temperature 
Range 
Tsto 
-55to 
+150 
°c 


Junction 
Temperature 
TJ 
150 
°c 


Maximum Package Power Dissipation (See Thermal Information Section) 


·Higher 
voltage 
selection 
available. 
See 
your 
local 
representative. 


MC1411P 
(ULN2001A) 
MC1411D 
MC1412P 
(ULN2002AI 
MC1412D 
-20° 
to 
MC1413P 
(ULN2003AI 
MC1413D 
+ 85°C 
MC1416P 
(ULN2004AI 
MC1416D 


MC1411BP 
(ULQ2001A) 
MC1411BD 
{ 
MC1412BP 
(ULQ2002A) 
MC1412BD 
-40° 
to 
MC1413BP 
(ULQ2003A) 
MC1413BD 
+ 85°C 
MC1416BP 
(ULQ2004A) 
MC1416BD 


MC1411,B 
MC1412,B 
MC1413,B 
MC1416,B 


PERIPHERAL 
DRIVER 
ARRAYS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUITS 
• 
J'fNttI 


1 
P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648-06 


o SUFFIX 
PLASTIC 
PACKAGE 


CASE 
751 B-03 


SO-16 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Leakage 
Current 
ICEX 
pA 


(OVa 
= 50 V, TA = + 85·CI 
All 
Types 
- 
- 
100 


(OVa 
= 50 V, TA = + 25·CI 
All 
Types 
- 
- 
50 


(OVa 
= 50 V, TA = + 85·C, VI = 6.0 V) 
MC1412,B 
- 
- 
500 


(OVa 
= 50 V, TA = + 85·C, 
VI = 1.0 V) 
MC1416,B 
- 
- 
500 


Collector-Emitter 
Saturation 
Voltage 
VCE(satl 
V 


(lC = 350 mA, 
IB = 500 !LA) 
All 
Types 
- 
1.1 
1.6 


(lC = 200 mA, 
IB = 350 !LA) 
All 
Types 
- 
0.95 
1.3 


(lc 
= 100 mA, 
IB = 250 pAl 
All 
Types 
- 
0.85 
1.1 


Input 
Current 
- 
On Condition 
I1(0n) 
mA 


(VI = 17 V) 
MC1412,B 
- 
0.85 
1.3 
(VI = 3.85 V) 
MC1413,B 
- 
0.93 
1.35 
(V, = 5.0 V) 
MC1416,B 
- 
0.35 
0.5 
(V, = 12 V) 
MC1416,B 
- 
1.0 
1.45 


Input 
Voltage 
- 
On Condition 
Vl(onl 
V 


(VCE = 2.0 V, IC = 300 mAl 
MC1412,B 
- 
- 
13 


(VCE = 2.0 V, IC = 200 mAl 
MC1413,B 
- 
- 
2.4 


(VCE = 2.0 V, IC = 250 mAl 
MC1413,B 
- 
- 
2.7 


(VCE = 2.0 V, IC = 300 mAl 
MC1413,B 
- 
- 
3.0 
(VCE = 2.0 V, IC = 125 mAl 
MC1416,B 
- 
- 
5.0 


(VCE = 2.0 V. IC = 200 mAl 
MC1416,B 
- 
- 
6.0 
(VCE = 2.0 V, IC = 275 mAl 
MC1416,B 
- 
- 
7.0 
(VCE = 2.0 V, IC = 350 mAl 
MC1416,B 
- 
- 
8.0 


Input 
Current 
- 
Off Condition 
All 
Types 
I1(0ff) 
50 
100 
- 
!LA 
(lC = 500 !LA, TA = + 85·CI 


DC Current 
Gain 
MC1411,B 
hFE 
1000 
- 
- 
- 
(VCE = 2.0 V, IC ~ 
350 mAl 


Input 
Capacitance 
CI 
- 
15 
30 
pF 


Turn-On 
Delay 
Time 
ton 
- 
0.25 
1.0 
!LS 
(50% 
Ej to 50% EO) 


Turn-Off 
Delay 
Time 
toff 
- 
0.25 
1.0 
!Ls 


(50% 
EI to 50% EO) 


Clamp 
Diode 
Leakage 
Current 
TA = + 25·C 
IR 
- 
- 
50 
pA 


(VR = 50 VI 
TA = + 85·C 
- 
- 
lOa 


Clamp 
Diode 
Forward 
Voltage 
VF 
- 
1.5 
2.0 
V 
(IF = 350 mAl 


I 
I 


MC1411,B 
MC1416,B 
/ 


MC1413,B 
MC1411,BI 
I 


J 


I 
/ 


J 
J 
I 


I 
I 
I 


I 


All Types 


I 
7 
J 


;;' 
300 
Eo 
....i 
::> 100 
u.... 
::> 
:= 
::>o 100 
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FIGURE 
7 - 
MAXIMUM 
COLLECTOR 
CURRENT 
versus 
DUTY 
CYCLE 
(AND 
NUMBER 
OF DRIVERS 
IN USE) 
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® MOTOROLA 


DUAL PERIPHERAl-HIGH-VOl 
TAGE 
POSITIVE 
"NAND" 
DRIVER 


The dual driver 
consists 
of a pair of PNP buffered 
AND gates 
connected 
to the bases of a pair of high voltage 
NPN transistors. 
They are similar to the MC75452 drivers but with the added advan- 
tages of: 1) 70 Volt capability 
2) output 
suppression 
diodes 
and 
3) PNP buffered 
inputs 
for 
MOS compatibility. 
These 
features 
make the MC1472 ideal for mating 
MOS logic or microprocessors 
to lamps, 
relays, printer 
hammers 
and incandescent 
displays. 


• 
300 mA Output Capability 
(eacn transistor) 


• 
70 Vdc Breakdown Voltage 


• 
Internal Output Clamp Diodes 


• 
Low Input 
Loading for MOS Compatibility 
(PNP buffered) 


Rating 
Value 
Unit 


Supply Voltage 
7.0 
Volts 


Input Voltage 
5.5 
Volts 


Output Voltage 
80 
Volts 


Clamp Voltage 
80 
Volts 


Output Current (Continuous) 
300 
mA 


Operating 
Junction 
Temperature 
"C 
Ceramic 
Package 
+175 
Plastic Package 
+150 


Storage Temperature Range 
-65 to +150 
"C 


Rating 
Symbol 
Min 
Max 
Unit 


Supply Voltage 
VCC 
4.5 
5.5 
Volts 


Operating 
Ambient 
Temperature 
TA 
0 
70 
"C 


Output Voltage 
Vo 
VCC 
70 
Volts 


Clamp Voltage 
Vc 
Vo 
70 
Volts 


Temperature 
Device 
Range 
Package 


MC1472U 
o to +70"C 
Ceramic DIP 


MC1472P1 
o to +70"C 
Plastic DIP 


DUAL PERIPHERAL 
POSITIVE 
"NAND" 
DRIVER 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUITS 
•• 
U SUFFIX 
CERAMICPACKAGE 
CASE693-02 


P1 SUFFIX 
PLASTICPACKAGE 
CASE626-05 


A 
B 
Y 


L 
L 
H ("OFF" 
STATE) 


L 
H 
H ("OFF" 
STATE) 


H 
L 
H ("OFF" 
STATE) 


H 
H 
L ("ON" 
STATE) 


ELECTRICAL 
CHARACTERISTICS 
(Unless 
otherwise 
noted 
minimax 
limits 
apply 
across 
the 
O°C to 70°C temperature 
range 


with 
4.5 V '" VCC '" 5.5 V. All typical 
values 
are for 
TA = 25°C, VCC = 5.0 Volts.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Voltage 
- 
High 
Logic 
State 
VIH 
2.0 
- 
5.5 
Vdc 


Input 
Voltage 
- 
Low 
Logic 
State 
VIL 
0 
- 
0.8 
Vdc 


Input 
Current 
- 
Low 
Logic 
State 
IlL 
mA 


(VIL 
~ 
0.4 V) 
A Input 
- 
- 
-0.3 


8 Input 
-0.15 


Input 
Current 
- 
High 
Logic 
State 
IIH 
p.A 


(VIH = 2.4 V) 
A Input 
- 
- 
40 
B Input 
- 
- 
20 
(VIH = 5.5 V) 
A Input 
- 
- 
200 
B Input 
- 
- 
100 


Input 
Clamp 
Voltage 
VIK 
V 


(lCC = 
-12 
mAl 
- 
- 
-1.5 


Output 
Leakage 
Current- 
High 
Logic 
State 
IOH 
p.A 


(VO = 70 V, See Test 
Figure) 
- 
100 


Output 
Voltage 
- 
Low 
Logic 
State 
VOL 
V 


(lOL 
~ 
100 mAl 
- 
- 
0.4 


(lOL = 300 mAl 
- 
- 
0.7 


Output 
Clamp 
Diode 
Leakage 
Current 
IOC 
V 
(VC = 70 V. See Test 
Figurel 
- 
- 
100 


Output 
Clamp 
Forward 
Voltage 
VFC 
V 
(IFC = 300 mA, 
See Test 
Figurel 
- 
- 
1.7 


Power 
Supply 
Current 
ICC 
mA 
(All 
Inputs 
at VIHl 
- 
- 
70 
(All 
Inputs 
at VILl 
- 
- 
15 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Propagation Delay Time 
Output High to Low 
tPHL 
- 
- 
1.0 
!'s 
Output Low to High 
tpLH 
- 
- 
0.75 


Output 
Transition 
Time 
Output High to Low 
tTHL 
- 
- 
0.1 
!'s 
Output Low to High 
tTLH 
- 
- 
0.1 


II 


• 


M .147' 


• __ 
•••.••••••.•••••• 
w 
B 
B 


VIH 
& VIL t 
8 
VCC 


Per Truth 
Table 
2 
2 


VOH 
A 
3 
6 
3 


IOH-- 
4 
4 
8 
EJ 


VIH 
( 
8 
VCC 
8 
vCC 


2 


3 
6 


4 
5 


To 


Scope 


(Input) 
I 


30pF 


I neludes 
Probe 


and Stray 


3.0V 
15 v-l 


INPUT 
~ 


OV 
~PHL 


VOH 


OUTPUT 
90% 
J 


50" 


10" 


'THL 
I-- 


® MOTOROLA 


The MC1488 is a monolithic 
quad line driver designed to inter- 
face data terminal 
equipment 
with data communications 
equip- 
ment in conformance 
with the specifications 
of EIA Standard No. 


EIA-232C. 


Features: 


• 
Current Limited Output 
±10 mA typ 


• 
Power-Off Source Impedance 
300 Ohms min 


• 
Simple Slew Rate Control with External Capacitor 


• 
Flexible Operating Supply Range 


• 
Compatible with All Motorola MOTL and MTTL Logic Families 


LINE DRIVER 


MCl488 
J--,"'- 
---j 
""'L __ 
/ 


I 
I 
I 
I 


MOll 
LOGICINPur ~~.~~!HER~~~~:CTI~MDTL 
lOGIC OUTPUT 


GND'~ 


MC1488 


QUAD 
MDTL 
LINE DRIVER 
EIA-232C 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 
o SUFFIX 


PLASTIC 
PACKAGE 
~ 
CASE 
751A-02 
14~- 


SO-14 
, 


PIN CONNECTIONS 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 
• 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
+15 
Vdc 


VEE 
-15 


Input 
Voltage 
Range 
VIR 
-15'" 
VIR '" 
Vdc 


7.0 


Output 
Signal 
Voltage 
Vo 
±15 
Vdc 


Power 
Derating 
(Package 
Limitation, 
Ceramic 
and Plastic 
Dual-in-line 
Package) 
Po 
1000 
mW 
Derate 
above 
TA = 
+ 25·C 
l/RBJA 
6.7 
mWI"C 


Operating 
Ambient 
Temperature 
Range 
TA 
o to 
+ 75 
·C 


Storage 
Temperature 
Ran~e 
Tsto 
-65 
to 
+ 175 
·C 


Characteristic 
Figure 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Current 
- 
Low 
Logic 
State 
(VIL ~ 0) 
1 
IlL 
- 
1.0 
1.6 
mA 


Input 
Current 
- 
High 
Logic 
State 
(VIH 
~ 5.0 V) 
1 
IIH 
- 
- 
10 
p.A 


Output 
Voltage 
- 
High 
Logic 
State 
2 
VOH 
Vdc 


(VIL ~ 0.8 Vdc, 
RL = 3.0 kfi, VCC = 
+ 9.0 Vdc, VEE ~ 
- 9.0 Vdc) 
+6.0 
+7.0 
- 
(VIL = 0.8 Vdc, RL = 3.0 kfi, VCC ~ 
+ 13.2 Vdc, VEE = 
-13.2 
Vdcl 
+9.0 
+10.5 
- 


Output 
Voltage 
- 
Low 
Logic 
State 
2 
VOL 
Vdc 
(VIH 
~ 
1.9 Vdc, RL ~ 3.0 kfi, VCC = 
+ 9.0 Vdc, VEE ~ 
- 9.0 Vdcl 
-6.0 
-7.0 
- 
(VIH = 1.9 Vdc, RL = 3.0 kfi, 
VCC ~ 
+13.2 
Vdc, VEE = 
-13.2 
Vdc) 
-9.0 
-10.5 
- 


Positive 
Output 
Short-Circuit 
Current, 
Note 
1 
3 
10S+ 
+6.0 
+10 
+12 
mA 


Negative 
Output 
Short-Circuit 
Current, 
Note 
1 
3 
10S- 
-6.0 
-10 
-12 
mA 


Output 
Resistance 
(VCC ~ VEE ~ 0, IVol 
~ 
±2.0 
VI 
4 
ro 
300 
- 
- 
Ohms 


Positive 
Supply 
Current 
(RI = 00) 
5 
ICC 
mA 
(VIH = 1.9 Vdc, VCC = 
+ 9.0 Vdc) 
- 
+15 
+20 


(VIL ~ 0.8 Vdc, VCC = 
+ 9.0 Vdc) 
- 
+4.5 
+6.0 
IVIH = 1.9 Vdc, VCC = 
+ 12 Vdc) 
- 
+19 
+25 


(VIL = 0.8 Vdc, VCC = 
+ 12 Vdc) 
- 
+5.5 
+7.0 


(VIH = 1.9 Vdc, VCC = 
+ 15 Vdc) 
- 
- 
+34 


(VIL ~ 0.8 Vdc, VCC ~ 
+ 15 Vdcl 
- 
- 
+12 


Negative 
Supply 
Current 
(RL = 00) 
5 
lEE 
(VIH = 1.9 Vdc, VEE = - 9.0 Vdc) 
- 
-13 
-17 
mA 
(VIL 
~ 0.8 Vdc, VEE ~ 
- 9.0 Vdc) 
- 
- 
-500 
p.A 


(VIH = 1.9 Vdc, VEE = 
-12 
Vdc) 
- 
-18 
-23 
mA 
(VIL 
~ 0.8 Vdc, VEE ~ 
-12 
Vdcl 
- 
- 
-500 
p.A 


IVIH = 1.9 Vdc, VEE = 
-15 
Vdc) 
- 
- 
-34 
mA 
(VIL 
~ 0.8 Vdc, VEE ~ 
-15 
Vdc) 
- 
- 
-2.5 
mA 


Power 
Consumption 
Pc 
mW 
(VCC ~ 9.0 Vdc, VEE ~ 
- 9.0 Vdc) 
- 
- 
333 


(VCC ~ 
12 Vdc, VEE = 
-12 
Vdcl 
- 
- 
576 


Propagation 
Delay 
Time 
(ll = 3.0 k and 
15 pFI 
6 
tPLH 
- 
275 
350 
ns 


Fall Time 
(ll = 3.0 k and 
15 pFI 
6 
tTHL 
- 
45 
75 
ns 


Propagation 
Delay 
Time 
III 
~ 3.0 k and 
15 pF) 
6 
tPHL 
- 
110 
175 
ns 


Rise Time 
III 
~ 3.0 k and 
15 pF) 
6 
tTLH 
- 
55 
100 
ns 


+1.9 
VI 
105+ 


"".9 
V 


VIJ 


Vo 


t2 
Vdc 
e 


FIGURE 
5 - 
PQWER·SUPPL Y CURRENTS 
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The Electronic 
Industries 
Association 
EIA-232C specification 
detail 
the 
requirements 
for 
the 
interface 
between 
data 
pro- 
cessing 
equipment 
and data communications 
equipment. 
This 
standard 
specifies 
not only 
the number 
and type 
of interface 
leads, but also the voltage 
levels to be used. The MC1488 quad 
driver 
and 
its companion 
circuit, 
the 
MC1489 
quad 
receiver, 
provide 
a complete 
interface 
system 
between 
DTL or TTL logic 
levels 
and the EIA-232C 
defined 
levels. The EIA-232C 
require- 
ments as applied to drivers are discussed herein. 


The required 
driver 
voltages 
are defined 
as between 
5 and 
15-volts 
in magnitude 
and are positive 
for 
a Logic 
"0" 
and 
negative 
for a Logic 
"'." 
These voltages 
are so defined 
when 
the drivers 
are terminated 
with 
a 3000 to 7000-ohm 
resistor. 


The MCl488 
meets this voltage requirement 
by converting 
a 
DTUTTL 
logic 
level 
into 
EIA-232C 
levels 
with 
one 
stage 
of 
inversion. 
The EIA-232C specification 
further 
requires 
that during 
tran- 
sitions, 
the driver 
output 
slew 
rate must 
not exceed 30 volts 


FIGURE 
12 - 
SLEW RATE 
versus CAPACITANCE 


FOR ISC = 10 mA 


per microsecond. 
The inherent 
slew rate of the MC1488 is much 
too fast for this 
requirement. 
The current 
limited 
output 
of the 
device 
can be used to control 
this 
slew 
rate by connecting 
a 
capacitor 
to each driver 
output. 
The required 
capacitor 
can be 
easily 
determined 
by using 
the relationship 
C = 10S x /IT/tJ.V 
from 
which 
Figure 
12 is derived. 
Accordingly, 
a 330 pF capac- 
itor 
on each output 
will 
guarantee 
a worst 
case slew 
rate of 
30 volts 
per microsecond. 


The 
interface 
driver 
is also 
required 
to withstand 
an acci- 
dental 
short to any other conductor 
in an interconnecting 
cable. 
The worst 
possible 
signal 
on any conductor 
would 
be another 
driver 
using 
a plus 
or 
minus 
15 volt, 
500 mA 
source. 
The 
MC1488 
is designed 
to indefinitely 
withstand 
such a short 
to 
all four 
outputs 
in a package 
as long as the power-supply 
volt- 
ages are greater 
than 9.0 volts (i.e., VCC;;' 9.0V; VEE '" -9.0 
VI. 
In some 
power-supply 
designs, 
a loss of system 
power 
causes 
a low 
impedance 
on the 
power-supply 
outputs. 
When 
this 
occurs, 
a low 
impedance 
to ground 
would 
exist at the power 
inputs 
to the MC1488 
effectively 
shorting 
the 300 ohm 
output 
resistors 
to ground. 
If all four 
outputs 
were 
then 
shorted 
to 
plus or minus 
15 volts, 
the power 
dissipation 
in these resistors 


FIGURE 
13 - 
POWER-SUPPLY 
PROTECTION 
TO MEET 
POWER-OFF 
FAULT 
CONDITIONS 
----------.----- 


14 
914 
rMC1~88-; 
I ,.. 
.• 
I 
I 
I 
,I 
()-i-l__~'o_r-() 
o-~-,_--..\ 
: 
I' 
0-+-0 
0-. "'"1. 
••. ' 
I 
I 
I 
o-i-J---"', 
• 
I! 
0-.1-0 
G-r"1. 
" 
I 
o-~-,r--- ..\ 
: 
I' 
,o-J-'O 
0-'1- ;. 
.•• 
I 
I 
I 
';--r- 
.J 


)~ 9' 
---- 
, 
------------. - - -- 


would 
be excessive. 
Therefore, 
if the 
system 
is designed 
to 
permit 
low impedances 
to ground 
at the power-supplies 
of the 
drivers, 
a diode 
should 
be placed 
in each power-supply 
lead 
to 
prevent 
overheating 
in 
this 
fault 
condition. 
These 
two 
diodes, 
as shown 
in Figure 
13, could 
be used to decouple 
all 
the driver 
packages 
in a system. 
(These same diodes 
will allow 
the 
MC1488 
to withstand 
momentary 
shorts 
to the 
± 25 volt 
limits 
specified 
in the earlier 
Standard 
EIA-232B.l 
The addition 
of the diodes 
also permits 
the MC1488 to withstand 
faults 
with 
power-supplies 
of less than 
the 9.0 volts 
stated 
above. 
The 
maximum 
short-circuit 
current 
allowable 
under 
fault 
conditions 
is more 
than 
guaranteed 
by the 
previously 
men- 
tioned 
10 mA output 
current 
limiting. 


Other 
Applications 
The MC1488 is an extremely 
versatile 
line driver 
with 
a myr- 
iad 
of 
possible 
applications. 
Several 
features 
of the 
drivers 
enhance 
this versatility: 
1. Output 
Current 
Limiting 
-this 
enables the circuit 
designer 
to 
define 
the 
output 
voltage 
levels 
independent 
of 
power- 
supplies 
and can be accomplished 
by diode 
clamping 
of the 
output 
pins. 
Figure 
14 shows 
the 
MC1488 
used 
as a DTL to 
MaS translator 
where 
the high level voltage 
output 
is clamped 
one diode 
above 
ground. 
The resistor 
divider 
shown 
is used 
to reduce the output 
voltage 
below 
the 300 mV above 
ground 
MaS 
input 
level limit. 
2. Power Supply 
Range - 
as can be seen from 
the schematic 
drawing 
of the drivers, 
the positive 
and negative 
driving 
ele- 
ments 
of the 
device 
are essentially 
independent 
and do not 
require 
matching 
power-supplies. 
In fact. the positive 
supply 
can vary from 
a minimum 
seven volts 
(required 
for driving 
the 
negative 
pulldown 
section) 
to the maximum 
specified 
15 volts. 
The negative 
supply 
can vary 
from 
approximately 
- 2.5 volts 
to the 
minimum 
specified 
-15 
volts. 
The 
MC1488 
will 
drive 
the output 
to within 
2 volts of the positive 
or negative 
supplies 
as long 
as the 
current 
output 
limits 
are 
not 
exceeded. 
The 
combination 
of the 
current-limiting 
and 
supply-voltage 
fea- 
tures 
allow 
a wide 
combination 
of possible 
outputs 
within 
the 
same quad 
package. 
Thus if only 
a portion 
of the four 
drivers 
are used 
for 
driving 
EIA-232C 
lines, 
the 
remainder 
could 
be 
used for 
DTL to MaS 
or even 
DTL to DTL translation. 
Figure 
15 shows 
one such combination. 
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® MOTOROLA 
MCl489 
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QUAD MOll 
LINE RECEIVERS 
EIA·232C 


The MC1489 monolithic 
quad line receivers are designed to 
interface 
data terminal 
equipment 
with 
data communications 
equipment in conformance with the specifications of EIA Standard 
No. EIA-232C. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• 
Input 
Resistance 
- 
3.0 
k to 
7.0 
kilohms 


• 
Input 
Signal 
Range 
- 
± 30 Volts 


• 
Input 
Threshold 
Hysteresis 
Built 
In 


• 
Response 
Control 


al 
Logic 
Threshold 
Shifting 


bl 
Input 
Noise 
Filtering 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 


D SUFFIX 
PLASTIC 
PACKAGE 


CASE 
7S1A-02 
SO-14 


LINE 
DRIVER 


MC1488 
S--, 
-j 


L.... __ 
/ 


I 
I 


I 
INTERCONNECTING 
I 


MOTL 
LOGIC 
INPUT 
~ 
CABLE 
-I-- 
MOTL 
lOGIC 
OUTPUT 


I 
I 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 • 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
10 
Vdc 


Input 
Voltage 
Range 
VIR 
±30 
Vdc 


Output 
Load 
Current 
IL 
20 
mA 


Power 
Dissipation 
(Package 
Limitation, 
Ceramic 
and 
Plastic 
Dual 
In-Line 
Package) 
Po 
1000 
mW 


Derate 
above 
TA = + 25°C 
1/0JA 
6.7 
mWrC 


Operating 
Ambient 
Temperature 
Range 
TA 
o to + 75 
°c 


Storage 
Temperature 
Range 
Tsto 
-65 
to + 175 
°c 


ELECTRICAL 
CHARACTERISTICS 
(Response 
control 
pin 
is open.) 
(VCC = + 5.0 Vdc 
± 10%, TA = 0 to + 75°C unless 


otherwise 
noted) 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Positive 
Input 
Current 
(VIH 
~ 
+ 25 Vdc) 
IIH 
3.6 
- 
8.3 
mA 


(VIH 
~ 
+ 3.0 Vdcl 
0.43 
- 
- 


Negative 
Input 
Current 
(VIL = - 25 Vdc) 
IlL 
-3.6 
- 
-8.3 
mA 


(VIL 
~ 
- 3.0 Vdcl 
-0.43 
- 
- 


Input 
Turn-On 
Threshold 
Voltage 
VIH 
Vdc 


(TA = + 25°C, VOL'" 
0.45 V) 
MC1489 
1.0 
- 
1.5 


MC1489A 
1.75 
1.95 
2.25 


Input 
Turn-Off 
Threshold 
Voltage 
VIL 
Vdc 


(TA 
~ 
+ 25°C, VOH ? 2.5 V, IL = 
-0.5 
mAl 
MC1489 
0.75 
- 
1.25 


MC1489A 
0.75 
0.8 
1.25 


Output 
Voltage 
High 
(VIH = 0.75 V, IL = 
-0.5 
mAl 
VOH 
2.5 
4.0 
5.0 
Vdc 


(Input 
Open 
Circuit, 
IL = 
-0.5 
mAl 
2.5 
4.0 
5.0 


Output 
Voltage 
Low 
(VIL 
~ 
3.0 V, IL = 10 mAl 
VOL 
- 
0.2 
0.45 
Vdc 


Output 
Short·Circuit 
Current 
105 
- 
-3.0 
-4.0 
mA 


Power 
Supply 
Current 
(All 
Gates 
"on," 
lout 
= 0 mA, 
VIH = 
+ 5.0 Vdcl 
ICC 
- 
16 
26 
mA 


Power 
Consumption 
(VIH = + 5.0 Vdc) 
Pc 
- 
80 
130 
mW 


Propagation 
Delay 
Time 
(RL 
~ 3.9 klll 
tpLH 
- 
25 
85 
ns 


Rise Time 
(RL ~ 
3.9 kill 
tTLH 
- 
120 
175 
ns 


Propagation 
Delay Time 
(RL = 390 kll) 
tPHL 
- 
25 
50 
ns 


Fall Time 
(RL = 390 klll 
tTHL 
- 
10 
20 
ns 
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General Information 


The Electronic Industries Association 
(EIA) has released 
the EIA-232C specification 
detailing 
the requirements 
for the interface 
between 
data processing 
equipment 
and data communications 
equipment. 
This standard 
specifies 
not only 
the number 
and type 
of interface 
leads, 
but 
also the 
voltage 
levels 
to 
be used. 
The 
MC1488 quad 
driver 
and 
its companion 
circuit, 
the 
MC1489 quad 
receiver, 
provide 
a complete 
interface 
system between 
DTL or TTL logic levels and the EIA- 
232C defined 
levels. 
The EIA-232C requirements 
as 
applied to receivers are discussed herein. 


The required input impedance 
is defined as between 
3000 ohms and 7000 ohms for input voltages between 
3.0 and 25 volts in magnitude; 
and any voltage on the 
receiver input in an open circuit condition 
must be less 
than 2.0 volts in magnitude. 
The MC1489 circuits meet 
these requirements 
with a maximum 
open circuit volt- 
age of one VSE. 


The receiver shall detect a voltage between 
- 3.0 and 


- 25 volts as a Logic "1" and inputs between + 3.0 and 
+ 25 volts as a Logic "0." 
On some interchange 
leads, 
an open circuit of power "OFF" condition 
(300 ohms or 
more to ground) shall be decoded as an "OFF" condition 
or 
Logic 
"1." 
For this 
reason, 
the 
input 
hysteresis 
thresholds 
of the MC1489 circuits are all above ground. 


Thus an open or grounded 
input will cause the same 
output 
as a negative or Logic "1" 
input. 


Device Characteristics 


The MC1489 interface receivers have internal feedback 
from the second stage to the input stage providing 
input 


hysteresis 
for noise rejection. 
The MC1489 input 
has 


typical turn-on 
voltage of 1.25 volts and turn-off 
of 1.0 
volt for a typical 
hysteresis 
of 250 mV. The MC1489A 
has typical turn-on 
of 1.95 volts and turn-oft 
of 0.8 volt 
for typically 
1.15 volts of hysteresis. 


Each receiver section has an external 
response con- 


trol 
node 
in addition 
to the 
input 
and output 
pins, 


thereby allowing 
the designer to vary the input thresh- 


old voltage levels. A resistor can be connected between 
this node and an external 
power supply. 
Figures 2, 4 
and 5 illustrate the input threshold voltage shift possible 
through 
this technique. 


This response node can also be used for the filtering 
of high-frequency, 
high energy noise pulses. Figures 8 
and 9 show typical 
noise-pulse 
rejection 
for external 
capacitors of various sizes. 


These two operations 
on the response node can be 
combined 
or used individually 
for many combinations 
of interfacing 
applications. 
The MC1489 circuits are par- 
ticularly 
useful for interfacing 
between MOS circuits and 
MDTUMTTL logic systems. In this application, 
the input 
threshold 
voltages 
are adjusted 
(with the appropriate 
supply 
and resistor values) to fall in the center of the 
MOS voltage 
logic levels. (See Figure 10) 
The response node may also be used as the receiver 
input as long as the designer 
realizes that he may not 
drive this node with a low impedance 
source to a volt- 


age greater than one diode above ground 
or less than 
one diode below ground. This feature is demonstrated 
in Figure 11 where two receivers are slaved to the same 
line 
that 
must 
still 
meet 
the 
EIA-232C 
impedance 
requirement. 
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This 
quad 
transceiver 
is designed 
to 
mate 
Schottky 
TTL or 
NMOS logic to a low impedance 
bus. The Enable and Driver inputs 
are PNP buffered 
to ensure 
low input 
loading. 
The Driver 
(Bus) 
output 
is open-collector 
and can sink up to 100 mA at 0.8 V, thus 
the bus can drive impedances 
as low as lOOn. The receiver output 
is active pull-up 
and can drive ten Schottky 
TTL loads. 
An active-low 
Enable controls 
all four drivers allowing 
the out- 
puts of different 
device drivers to be connected together for party- 
line operation. 
The line can be terminated 
at both ends and still 
give considerable 
noise margin 
at the receiver. Typical 
receiver 
threshold 
is 2.0 V. 
Advanced 
Schottky 
processing 
is utilized 
to assure fast prop- 
agation 
delay times. 
Two ground 
pins are provided 
to improve 
ground current handling 
and allow close decoupling 
between VCC 
and ground 
at the package. Both ground 
pins should 
be tied to 
the ground 
bus external 
to the package. 


• 
Driver Can Sink 100 mA at 0.8 V (Max) 


• 
PNP Inputs for Low-Logic 
Loading 


• 
Typical 
Driver Delay = 10 ns 


• 
Typical 
Receiver Delay = 10 ns 


• 
Schottky 
Processing 
for High Speed 


• 
Inverting 
Driver 


TYPICAL APPLICATION 


5.0 
V 


Enable 
Enable 
100 
100 
100 
100 


Driver 
Driver 


Inputs 
Inputs 


MC26S10 
MC26S10 


Receiver 
Receiver 


Outputs 
Outputs 


Driver 
Driver 


Inputs 
Inputs 


MC26S10 
MC26S10 


Receiver 
Receiver 
Outputs 
Outputs 


Enable 
100 
100 
100 
100 
Enable 
5.0 V 


QUAD 
OPEN·COLLECTOR 
BUS TRANSCEIVER 


SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
- 


16 


1- 


1 


L SUFFIX 
CERAMICPACKAGE 
CASE620-10 


P SUFFIX 
PLASTICPACKAGE 
CASE648-06 


Receiver 
Output 
A 


Driver 
Input A 


11 
Driver 
Input 0 


10 
Receiver 
Output 0 


Driver 
Receiver 


Enable 
Input 
Bus 
Output 


L 
L 
H 
L 
L 
H 
L 
H 
H 
X 
y 
y 


L = Low Logic State 
H = High Logic State 
X = Irrelevant 
Y = Assumes 
condition 
controlled 
by other 
elements 
on the bus 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
-0.5 to +7.0 
Vdc 


I nput Voltage 
VI 
-0.5 to +5.5 
Vdc 


Input Current 
II 
-3.0 to +5.0 
mA 


Output 
Voltage 
- 
High Impedance State 
Vo (Hi·z) 
-0.5 to VCC 
V 


Output 
Current 
Bus 
10(B) 
200 
mA 


Output 
Current-Receiver 
101R) 
30 
mA 


Operating Ambient 
Temperature 
TA 
o to +70 
°c 


Storage Temperature 
Tstg 
-Q5 to +150 
°c 


Junction Temperature 
TJ 
°c 
Ceramic Package 
175 


Plastic Package 
150 


ELECTRICAL 
CHARACTERISTICS 
IUnless otherwise noted Vee = 4.75 to 5.25 V and TA = 0 to +700C. 
T'lpical 
values measured at VCC = S 0 V and T A = 2SoC ) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unrt 


Input Voltage - 
Low Logic State 
VIL 
- 
- 
0.8 
V 


(Driver and Enable Inputs) 


Input Voltage 
- 
High Logic State 
VIH 
2.0 
- 
- 
V 


(Driver and Enable Inputs) 


Input Clamp Voltage 
VIK 
- 
- 
-1.2 
V 


(Driver and Enable Inputs) 


(11K = -18 mAl 


Input Current - 
Low Logic State 
IlL 
mA 


(VIL 
= 0.4 V) 
(Enable Input) 
- 
- 
-0.36 
(Driver 
Inputs) 
- 
- 
-0.54 


Input Current - 
High Logic State 
(VIH 
- 2.7 V) 
IIH 
pA 


(Enable Input) 
- 
- 
20 
(Driver 
Inputs) 
- 
- 
30 


Input Current 
- 
Maximum 
Voltage 
IIHI 
- 
- 
100 
pA 


(VIHI 
·5.5 
V) 
(Enable or Driver Inputs) 


Driver Output 
Voltage 
- 
Low Logic State 
VOLIOI 
V 


IIOL 
= 40 mAl 
- 
0.33 
0.5 


1I0L = 70 mAl 
- 
0.42 
0.7 


1I0L'lOOmAI 
- 
0.51 
0.8 


Driver (Bus) Leakage Current 
10101 
pA 
IVOH 
= 4.5 V) 
- 
- 
100 


(VOL 
= 0.8 VI 
- 
- 
-50 


Driver (Bus) Leakage Current 
101101 
- 
- 
100 
pA 


1Vee = 0 V. VOH = 4.5 VI 


Receiver Input High Threshold 
VTH(RI 
2.25 
2.0 
- 
V 


IVIHIEI' 
2.4 VI 


Receiver Input Low Threshold 
VTLIRI 
- 
2.0 
1.75 
V 
(VIHiEI 
= 2.4 V) 


Receiver Output 
Voltage 
- 
Low Logic State 
VOLIRI 
- 
- 
0.5 
V 
1I0L 
= 20 mAl 


Receiver Output 
Voltage 
- 
High Logic State 
VOHIR) 
2.7 
3.4 
- 
V 


(lOH 
= -1.0 mAl 


Receiver Output 
Short-Circuit 
Current 
(Note 
1) 
10S(RI 
-18 
- 
-60 
mA 


Power SUpp1'l Current 
- 
Output 
Low State 
ICC 
- 
45 
70 
mA 


IVILiE) 
= 0 VI 


Charactaristic 
Symbol 
Min 
Typ 
Max 
Unit 


Propagation 
Delay 
Time 
Driver 
Input 
to Output 
tPLH(D) 
- 
10 
15 
ns 


tPHL(D) 
- 
10 
15 


Propagation 
Delay 
Time 
Enable 
Input 
to Output 
tPLH(E) 
- 
14 
18 
ns 


tPHL(E) 
- 
13 
18 


Propagation 
Delay 
Time 
Bus to Receiver 
Output 
tPLH(R) 
- 
10 
15 
ns 


tPHL(RI 
- 
10 
15 


Rise and 
Fall Time 
of Driver 
Output 
tTLH(D) 
4.0 
10 
- 
ns 


tTHL(D) 
2.0 
4.0 
- 


3.0 
V 


Driver 
Input 


VOH 


Driver 
Output 


VOL 
10% 
III 


3.0 V 


Enable 
Input 


OV 


VOH 


Dri ..••er 
Output 
VOL 


50 pF 
(Includes 
probe 
and jig 
capacitance) 


50 pF 
(I neludes 
probe 
and jig 
capacitance) 


Driver 
Output 


(Input) 
VOL 


To 'Scope 


(Output) 


lN916 


To 
Scope 
(Input) 


50 pF 
J (Total) 


® MOTOROLA 


These high-speed bus receivers are useful in bus organized data 
transmission systemsemploying terminated 120nlines. The receivers 
feature input 
hysteresis to obtain improved noise immunity. 
The 
receivers low 
input 
current 
requirement 
allows up to 
27 driver/ 
receiver pairs to share a common bus. A pair of Disable Inputs are 
provided. These Disable Inputs along with the receiver outputs 
are 
MTTL compatible. 


• 
Built 
in receiver 
hysteresis 


• 
Receiver input threshold is not affected by temperature 


• 
Propagation delay time-- 
20 ns (Typ) 


• 
Direct Replacement for DM8837 


lS0L 
390r' 
,d 


< 3901 


MAXIMUM 
RATI 
NGS IT A • 25°C 
unless 
otherwise 
noted.1 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
7.0 
Vdc 


Input Voltage 
V, 
5.5 
Vdc 


Power Dissipation 
PD 
625 
mW 
Derate above 25°C 
3.S5 
mW/oC 


Operating Ambient Temperature Range 
TA 
o to 70 
°c 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


MC3437 


HEX BUS 


RECEIVER 


SILICON MONOLITHIC 


INTEGRATED 
CIRCUIT 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620-,0 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648-06 


Input 
Disable 
Output 
0 
L 
H 
O·<'·05V 
">2.5 
v 
0 
H 
L 
H = High 
Logic State 
L 
L 
L'" 
Low 
Logic 
State 
H 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Receiver Input Threshold 
Voltage - 
High Logic State 
VILHIAI 
1.80 
2.25 
2.50 
V 
IVI UDAl' 
0.8 V, 10L = 16 mA, VOL <;;;0.4V) 


Receiver Input Threshold Voltage 
- 
Lo·w Logic State 
VIHUAI 
1.05 
1.30 
1.55 
V 
IVIUDAI 
= 0.8 V, 10H' 
-400~A, 
VOH ;;;>2.4VI 


Receiver Input Current 
IIiAI 
~A 
IVI(A) 
= 4.0 V, Vee = 5.25 V) 
- 
15 
50 
(VilA) 
= 4.0 V, Vee = 0 V) 
- 
1.0 
50 


Disable Input Voltage - 
High Logic State 
VIHlDA) 
2.0 
- 
- 
V 
IVIIA) 
= 0.5 V, VOL <;;;0.4V, 10L = 16 mA) 


Disable Input Voltage - 
Low Logic State 
VILIDA) 
- 
- 
0.8 
V 
IVIlAI 
= 0.5 V, VOH ;;;>2.4V, 10H = -400~AI 


Output 
Voltage - 
High Logic State 
VOH 
2.4 
- 
- 
V 
(VIIAI 
= 0.5 V, VIUDAI 
= 0.8 V, 10H' 
-400~A) 


Output 
Voltage - 
Low Logic State 
VOL 
- 
0.25 
0.4 
V 
(VilA) 
= 4.0 V, VIUDA) 
= 0.8 V, 10L = 16 mAl 


DisabLe Input Current - 
High Logic State 
IIHIDA) 
(VIH(DA) 
= 2.4 V) 
- 
- 
80 
~A 
IVIHIDA) 
= 5.5 V) 
- 
- 
2.0 
mA 


Disable Input Current - 
Low Logic State 
IILIDA) 
- 
- 
-3.2 
mA 
IVIIA) 
= 4.0 V, VIL(DA) 
= 0.4 VI 


Output 
Short Circuit Current 
10S 
-18 
- 
-55 
mA 
(VI (A) = 0.5 V, VIUDA) 
= OV, Vee = 5.25 VI 


Power Supply Current 
Ice 
- 
45 
65 
mA 
(VIIAI 
= 0.5 V, VILIDAI 
= 0 VI 


Input Clamp Diode Voltage 
VI 
- 
-1.0 
-1.5 
V 
(IllA) 
= -12 mA, tllDA) 
= -12 mA, 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Propagation Delay Time from Receiver Input to 
tpLH(A) 
- 
20 
30 
"S 
High Logic State Output 


Propagation 
Delay Time from Receiver Input to 
tpHL(AI 
- 
18 
30 
"S 
Low Logic State Output 


Propagation Delay Time from Disable Input to 
tpLH(DAI 
- 
9.0 
15 
"S 
High Logic State Output 


Propagation Delay Time from Disable Input to 
tpHUDA) 
- 
4.0 
15 
"S 
Low Logic State Output 


•• 


~ 
4.0 
? 


~ 
3.0 


> 
1 


20 


~ 
1.0 


® MOTOROLA 


QUAD GENERAL-PURPOSE INTERFACE 
BUS (GPIB) TRANSCEIVERS 


The MC3440A, MC3441A are quad bus transceivers 
intended 
for usage in instruments 
and programmable 
calculators 
equipped 
for interconnection 
into complete 
measurement 
systems. These 
transceivers 
allow the bidirectional 
flow of digital 
data and com- 


mands between the various 
instruments. 
Each of the transceiver 
versions 
provides 
four open-collector 
drivers 
and four receivers 
featuring 
input hysteresis. 


The MC3440A version 
consists of three drivers controlled 
by a 
common Enable input and a single driver without 
an Enable input. 


Terminations 
are provided 
in the device. 


The MC3441A differs 
in that all four 
drivers 
are controlled 
by 
the common 
Enable input. Again, the terminations 
are provided. 


• 
Receiver Input Hysteresis 
Provides Excellent 
Noise Rejection 


• 
Open-Collector 
Driver Outputs 
Permit Wire-OR Connection 


• Tailored to Meet the Standards 
Set by the IEEE and IEC 
Committees 
on Instrument 
Interface (488-1978) 


• Terminations 
comply 
with IEEE 488-1978; terminations 
removed when device is unpowered 


• 
Provides Electrical Compatibility 
with General-Purpose 
Interface Bus 


Instrument 
A 
(with GPIB) 


Programmable 
Calculator 
(with GPIB) 


Instrument 
B 
(with GPIBI 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
7.0 
Vdc 


Input Voltage 
VI 
5.5 
Vdc 


Driver 
Output 
Current 
laID) 
150 
mA 


Power 
Dissipation 
(Package 
Limitation) 
Po 
830 
mW 
Derate 
above 
25°C 
6.7 
mwrc 


Operating 
Ambient 
Temperature 
Range 
TA 
o to + 70 
·C 


Storage 
Temperature 
Range 
Tsto 
-65 to + 150 
·c 


MC3440A 
MC3441A 


QUAD INTERFACE 
BUS TRANSCEIVERS 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 
- 


, 


P SUFFIX 
PLASTICPACKAGE 
CASE648-06 


Receiver 
Output A 


Driver 
Input 
A 


Driver 
Input 
B 


Receiver 
Output B 


Output and 
Termination 
1 
Gnd 


Bus A 


Output and 
Termination 
Gnd 


Receiver 
Output A 


Driver 
Input 
A 


Driver 
Input 
B 


Receiver 
Output 8 


14 
Receiver 
Output 
C 


Driver 
13 
Input 
C 


11 
Driver 
Input 0 


10 
Receiver 
Output 
0 


ELECTRICAL 
CHARACTERISTICS 
(Unless otherwise noted, 4.5 V'" 
VCC '" 5.5 V and 0 '" TA '" 70'C, typical values are at 


TA = 25'C, VCC ~ 5.0 VI 


Input Voltage - 
High Logic State 
VIH(D) 
2.0 
- 
- 
V 


Input Voltage - 
Low Logic State 
VIUDI 
- 
- 
0.8 
V 


Input Current- 
High Logic State 
IIH(D) 
- 
- 
40 
pA 


(VIH = 2.4 V) 


Input Current- 
Low Logic State 
IIL(D) 
-0.25 
mA 
(VIL = 0.4 V, VCC ~ 5.0 V, TA = 25'CI 


Input Clamp Voltage 
VIK(D) 
- 
- 
-1.5 
V 
(11K= -12 
mAl 


Output Voltage - 
High Logic State 
VOHID) 
2.5 
- 
- 
V 
(VIH(S) = 2.4 V or VIL(DI = 0.8 V) 


Output Voltage - 
Low Logic State 
VOL(D) 
V 
(VIH(S) = 2.0 V, VIL(E) = 0.8 V, IOL(D) = 48 mAl 
- 
- 
0.5 
(VIHIDl = 2.0 V, VIUE) = 0.8 V, lOUD) ~ 100 mAl 
- 
- 
0.80 


Input Hysteresis 
- 
400 
580 
- 
mV 


Input Threshold Voltage - 
Low to High Output Logic State 
VILH(R) 
0.8 
0.98 
- 
V 
(VCC = 5.0 V, TA = 25'C) 


Input Threshold Voltage - 
High to Low Output Logic State 
VIHL(RI 
- 
1.56 
2.0 
V 
(VCC = 5.0 V, TA = 25'CI 


Output Voltage - 
High Logic State 
VOH(R) 
2.4 
- 
- 
V 
(VIUR) ~ 0.8 V, IOH(RI ~ -400 
pA) 


Output Voltage...,. Low Logic State 
VOL(R) 
- 
- 
0.5 
V 
(VIHIRI = 2.0 V, IOURI = 16 mAl 


Output Short-Circuit 
Current 
IOS(RI 
-20 
- 
-55 
mA 
IVIURI = 0.8 VI (Only one output may be shorted at a time) 


Bus Voltage (VIL(DI ~ 0.8 VI 
VBUS 
V 
(lBUS = - t2 mAl 
- 
- 
-1.5 
(No Load) 
2.50 
- 
3.70 


Bus Current 
IBUS 
mA 
(VIL(D) = 0.8 V, VBUS •• 5.0 VI 
0.7 
- 
- 
(VIL(D) ~ 0.8 V, VBUS '" 5.5 VI 
- 
- 
2.5 
(VIL(D) = 0.8 V, VBUS = 0.5 VI 
-1.3 
- 
-3.2 
(VCC = 0, 0 '" VBUS '" 2.75 VI 
- 
- 
+0.04 


SWITCHING 
CHARACTERISTICS 
(VCC = 5.0 V, TA = 25'C) 


Characteristic 


Propagation Delay TIme from Driver Input to Low Logic State Bus Output 
tpHUDl 
- 
13 
30 
ns 


Propagation Delay TIme from Driver Input to High Logic State Bus Output 
tPLHID) 
- 
17 
30 
ns 


Propagation Delay Time from Enable Input to Low Logic State Bus Output 
tpHL(EI 
- 
25 
40 
ns 


Propagation Delay Time from Enable Input to High Logic State Bus Output 
tpLHIEI 
- 
25 
40 
ns 


Propagation Delay TIme from Bus Input to High Logic State Receiver Output 


Propagation Delay Time from Bus Input to Low Logic State Receiver Output 


INSTRUMENT 
A 
----- 
l 
0101 


0102 


MC3441A 
0103 


0104 


E 


Ot05 


0106 


0107 


0108 


E 
• 


REN 


EOI 


ATN 


IFe 


(Always 


Enabled) 


SRC 


OAV 


MC344QA 
NRFD 


NOAC 


E 
I 
--- 
--l 


8 Line Data Bus: 
0101 - 
0108 


5 General Interrupt 
Transfer 
Control 
Bus: 


REN 
- 
Remote 
Enable 
5 A Q. - 
Service 
Request 
EOI - 
End or Identify 
ATN 
- 
Attention 
I Fe 
- 
Interface 
Clear 


3 Data 
Byte 
Trander 
Control 
Bus 
QAV 
- 
Data Valid 
NAFO 
- 
Not 
Ready for 
Data 
NOAC 
- 
Not 
Data Accepted 


16 Total 
Signal 
Lines 


} 


To 
Instrumonts 
Logic 
(Typieel) 


3.0V--- 


Input 
50% 
OV 


~ 


tPHLIR) 
VOH 


Output 
1.5 V 


VOL 
- 
FIR) 


1.5 V 


To Scope 


(Output) 
+5.0 
V 


eEl 


1.5 V 


s.oI--- 
vcc,ls.ov 


TA'" 
25°C 


~ 
4.0 


o~ 
w 


~ 
3.0 


>!10 


g 
1.0 


II 


II 


® MOTOROLA 


QUAD GENERAL· 
PURPOSE INTERFACE 
BUS (GPIB) TRANSCEIVER 


The MC3446A 
is a quad bus transceiver intended for usage in 


instruments 
and 
programmable 
calculators 
equipped 
for 
interconnec- 


tion 
into complete 
measurement 
systems. 
This transceiver 
allows the 
bidirectional flow of digital data and commands between the various 


instruments. 
The 
transceiver 
provides 
four 
open-eollector 
drivers 
and 


four 
receivers 
featuring 
hysteresis. 


• 
Tailored to Meet the IEEE Standard 488-1978 (Digital Interface 


for 
Programmable I.nstrumentation) 
and the Proposed IEC 
Standard on Instrument Interface 


• 
Provides Electrical Compatibility 
with General-Purpose Interface 
Bus (GPIB) 


• 
MOS Compatible with High Impedance Inputs 


• 
Driver Output Guaranteed Off During Power Up/Power Down 


• 
Low Power - Average Power Supply Current ~ 12 mA 


• 
Terminations 
Provided 


Instrument 


A 


(with 
GPIB) 


Programmable 
Calculator 


(with 
GPIB) 


Instrument 


B 


(with 
GPIB) 


QUAD 
INTERFACE 
BUS TRANSCEIVER 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
- 


1 


P SUFFIX 


PLASTICPACKAGE 


CASE648-06 


Driver 
<J 
Input A 


Enable 
ABC 


Rating 
Symbol 
V ••u. 
Unit 


Power Sl pply Voltage 
VCC 
7.0 
Vdc 


Input Voltage 
VI 
5.5 
Vdc 


Driver Output Current 
10lD) 
150 
mA 


Junction Temperature 
TJ 
150 
°c 


Operating Ambient Temperature Range 
TA 
o to +70 
°c 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


EL ECTR ICAL 
CHARACTE 
R ISTICS 


(Unless otherwise noted, 4.5 V <; Vce 
<. 5.5 V and 0 <; T A <; 70oe, typical values are at TA = 250e, 
Vec 
""5.0 VI 


I 
DRIVER PORTION 


Input Voltage - 
High Logic State 
VIHfDI 
2.0 
- 
- 
V 


Input Voltage - 
Low Logic State 
VILlO) 
- 
- 
0.8 
V 


Input Current - 
High Logic State 
IIHlD) 
- 
5.0 
40 
"A 


IVIH 
= 2.4 V) 


Input Current - 
Low Logic State 
IILlD) 
- 
-0.2 
-0.25 
mA 


IVIL 
= 0.4 V, VCC = 5.0V. 
TA = 25°C) 


Input Clamp Voltage 
VIKIOI 
- 
- 
-1.5 
V 
IIIK 
= -12mA) 


Output Voltage - 
High Logic State (1) 
VOHIOI 
2.5 
3.3 
3.7 
V 
IVIHISI 
= 2.4 V 0' VIHIO) 
= 2.0 V) 


Output Voltage - 
Low Logic State 
VOLlOI 
- 
0.5 


IVILlS) 
= 0.8 V. VILlOI 
= 0.8 V. 10LlDI 
= 48 mAl 


Input Breakdown Current 
118101 
- 
- 
1.0 
mA 


IVIIOI 
= 5.5 VI 


Input HysteresIs 
- 
400 
625 
- 
mV 


Input Threshold Voltage - 
Low to High Output Logic State 
VILHIRI 
- 
1.66 
2.0 
V 


Input Threshold Voltage - 
High to Low Output Logic State 
VIHLlRI 
0.8 
1.03 
- 
V 


Output Voltage - 
High Logic State 
VOHIRI 
2.4 
- 
- 
V 


IVIHIR) 
= 2.0 V,IOHIRI 
= -400"AI 


Output Voltage - 
Low Logic State 
VOLlR) 
- 
- 
0.5 
V 


IVILlR) 
= 0.8 V, 10LIRI 
= 8.0 mAl 


Output Short·Circuit Current 
'OSIRI 
4.0 
- 
14 
mA 


(VIH(R) 
= 2.0 VI (Only one output may be shorted at a time) 


Bus Voltage 
IVIHIEI 
= 2.4 VI 
VI8USI 
2.5 
3.3 
3.7 
V 


118US= -12 mAl 
- 
- 
-1.5 


Bus Current 
IVIHIOI- 
2.4 V, V8US"5.0 
VI 
IIBUSI 
0.7 
- 
- 
mA 


IVIHIOI 
= 2.4 V, VBUS = 0.5 VI 
-1.3 
- 
-3.2 


IVBUS" 
5.5 V) 
- 
- 
2.5 


IVCC = 0,0 V •• VBUS" 
2.75 V) 
- 
- 
0.04 


Power Supply Current 


(All Drivers OF Fl 
(All Drivers ON) 


SWITCHING 
CHARACTERISTICS 
IVcc 
= 5.0 V, TA = 250CI 


Characteristic 


Propagation Delay Time from Driver Input to Low Logic State Bus Output 
tPHLlDl 
- 
- 
50 
ns 


Propagation Delay Time from Driver Input to High Logic State Bus Output 
tPLHIOI 
- 
- 
40 
ns 


Propagation Delay Time from Enable Input to Low Logic State BusOutput 
tpHLlE) 
- 
- 
50 
ns 


Propagation Delay Time from Enable Input to High Logic State BusOutput 
tPLHIEI 
- 
- 
50 
ns 


RECEIVER PORTION 


Propagation Delay Time from Bus Input to High Logic State Receiver Output 


Propagation Delay Time from Bus Input to Low Logic State Receiver Output 


• 


~ 
4.0 
~ 
w 


~ 
3.0 


>!20 


g 
1.0 


To Scope 


(Output) 
+5.0 V 


3.0V 
--- 
~/~~~~~:ut 
50% 
OV 


VOt:L_H_1D_J 
__ J_= 
_ 


Output 
F,.5 
V 
VOL----· 
150 pF 


60 


40 


;< 
20 


.s~ 
z 


-20 
~~ -4.0 
~ ·6.0 
~ -8.0 


10 


12 


I 


I 
- 
-- 
I 
( 


Non-ShadedArea - 


Conf~~;~~~~Etl(aPh _ 


Stantrd48j"19181_ 


.-2.0 
0 
2.0 


V8US. 
8US VOLTAGE 
(VOLTS) 


@ MOTOROLA 


BIDIRECTIONAL 
INSTRUMENTATION 
BUS (GPIB) TRANSCEIVER 


This 
bidirectional 
bus 
transceiver 
is intended 
as the 
interface 
between 
TTL 
or MOS logic and the 
IEEE Standard 
Instrumentation 
Bus (4B8-1978, 
often 
referred 
to as GPIB). 
The 
required 
bus termi- 


nation 
is internally 
provided. 


Low 
power 
consumption 
has been achieved 
by trading 
a minimum 


of 
speed 
for 
low 
current 
drain 
on 
non-eritical 
channels. 
A fast 


channel 
is provided 
for critical 
ATN and EOI paths. 
Each 
driver/receiver 
pair 
forms 
the 
complete 
interface 
between 
the 
bus and an instrument. 
Either 
the driver 
or the 
receiver 
of each 
channel 
is enabled 
by a Send/Receive 
input 
with the disabled 
output 
of 
the 
pair 
forced 
to 
a high 
impedance 
state. 
The 
receivers 
have 
input 
hysteresis 
to 
improve 
noise 
margin, 
and 
their 
input 
loading 


follows 
the bus standard 
specifications. 


• 
Low Power 
- Average 
Power 
Supply 
Current 
= 30 mA Listening 
75 mA Talking 


• 
Eight 
Driver/Receiver 
Pairs 
• 
Three-State 
Outputs 
• 
High Impedance 
Inputs 


• 
Receiver 
Hysteresis 
- 600 mV (Typ) 


• 
Fast Propagation 
Times 
- 
15-20 
ns (Typ! 
• 
TTL Compatible 
Receiver 
Outputs 


• 
Single +5 Volt Supply 


• 
Open 
Collector 
Driver Output 
with Terminations 


• 
Power 
Up/Power 
Down 
Protection 
(No Invalid 
Information 
Transmitted 
to Bus) 
• 
No Bus Loading 
When Power 
is Removed 
From 
Device 
• 
Required 
Termination 
Characteristics 
Provided 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
7.0 
Vdc 


Input Voltage 
VI 
5.5 
Vdc 


Driver Output Current 
IOlDl 
150 
mA 


Junction Temperature 
TJ 
150 
°c 


Operating Ambient Temperature Range 
TA 
a to +70 
°c 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Instrument 


A 
(With 
GPIB) 


Programmable 
Calculator 


(With 
GPIS) 


Instrument 


B 
(With 
GPIB) 


OCTAL 
BIDIRECTIONAL 
BUS TRANSCEIVER 
WITH 
TERMINATION 
NETWORKS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
623-05 


P3 SUFFIX 
PLASTIC 
PACKAGE 
CASE 
724-03 


Vcc 


--'f-O Bus - 
Indicates ~u,. 
. 


~ 
~ T.,m'OOMn, 


Gnd 


ELECTRICAL 
CHARACTERISTICS 


(Unless otherwise noted 4.50 V<. VCC" 
5.50 V and 0 <. T A'll; 70oe; typical values are at T A = 25°C, 
VCC = 5.0 VI 


Characteristic 
- 
Note 1 
Symbol 
Min 
Typ 
Max 
Unit 


Bus Voltage 
V 


IBu, Pin Open)(VI(S/Fi) 
= O.BVI 
VIBu,) 
2.5 
- 
3.7 


(IIBu,) 
= -12 mAl 
VICIBu,) 
- 
- 
-1.5 


Bus Current 
IIBu,) 
mA 
15.0 V •• V IBu,) •• 5.5 VI 
0.7 
- 
2.5 
IVIBu,) 
= 0.5 VI 
-1.3 
- 
-3.2 
IVCC = a v. a v •• VIBu,)" 
2.75 VI 
- 
- 
+0.04 


Receiver Input Hysteresis 
- 
400 
600 
- 
mV 


IV,IS/RI 
= 0.8 VI 


Receiver Input Threshold 
V 


IVIIS/A) 
= 0.8 VI 
Low to High 
VILHIR) 
- 
1.6 
2.0 


High to Low 
VIHLIRI 
0.8 
1.0 
- 


Receiver Output 
Voltage - 
High Logic State 
VOHIRI 
2.4 
- 
V 


IVI(S/A) 
= 0.8 V. IOHIRI 
= -200 ~A. VIBu,1 = 2.0 VI 


Receiver 
Output 
Voltage 
- 
Low 
Logic 
State 
VOLIRI 
- 
0.5 
V 


IVIIS/A) 
= 0.8 V. IOLlR) 
= 4.0 mA. IVIBu,1 = 0.8 V 


Receiver Output 
Short Circuit Current 
'OSIR) 
-4.0 
- 
-20 
mA 


IV I(S!A) = 0.8 V. V IBu,) = 2.0 VI 


Driver Input Voltage - 
High Logic State 
VIHIOI 
2.0 
- 
- 
V 


IVIIS!A) 
= 2.0 V) 


Driver Input Voltage - 
Low Logic State 
VILID) 
- 
- 
0.8 
V 


IV I(S/A) = 2.0 V) 


Driver 
Input Current 
- 
Data Pins 
~A 
IVIIS/AI 
= 2.0 VI 
(0.5 •• V,IDI" 
2.7 VI 
11101 
-lOa 
- 
40 


IVIIDI 
= 5.5 V) 
IIBIDI 
- 
- 
200 


Input 
Current 
Send/Receive 
~A 
10.5 •• VIIS/RI 
•• 2.7 VI 
'IIS/R) 
-250 
- 
20 
IVIISIRI 
= 5.5 VI 
IIBIS/A) 
- 
- 
lOa 


Driver 
Input 
Clamp 
Voltage 
VICID) 
- 
- 
-1.5 
V 


IVIIS!A) 
= 2.0 v. IICID) 
= -18 mAl 


Driver 
Output 
Voltage 
- 
High 
Logic 
State 
VOHIDI 
2.5 
- 
- 
V 
IVIS/R) 
= 2.0 V. VIHID) 
= 2.0 VI 


Driver Output Voltage - 
Low logic State (Note 2) 
vOLlD) 
- 
- 
0.5 
V 
IVIIS/R) ~ 2.0 v. VlllDI 
~ 0.8 v. IOl(D) ~ 48 mAl 


Power Supply Current 
mA 
(Listening Mode - 
All Receivers On) 
ICCL 
- 
30 
45 
(Talking 
Mode - 
All Drivers Onl 
ICCH 
- 
75 
95 


Propagation Delay of Driver 
n, 


(Output 
Low to High) 
tpLHID) 
- 
7.0 
15 


(Output 
High to Low) 
tPHLIDI 
- 
16 
30 


Propagation 
Delay of Receiver (Channels 0 to 5, 7) 
n, 
(Output 
Low to High) 
tPLHIRI 
- 
28 
50 


(Output 
High to Low) 
tpHLIRI 
- 
15 
30 


Propagation 
Delay of Receiver (Channel 6, Note 3) 
n, 
(Output 
Low to Highl 
tpLHIRI 
- 
17 
30 
(Output 
High to Low) 
tpHL(RI 
- 
12 
22 


NOTES: 1. Specified test conditions for VI(SiR) are 0.8 V (Low) and 2.0 V (High). Where VIISiR) is specified as a test condition, VI(SfR} uses the 
opposite logic levels. 
2. The IEEE 488-1979 Bus Standard changes VOLID) from 0.4 to 0.5 V maximum to permit the use of Schottky technology. 
3. In order to meet the IEEE 488·1978 Standard for total system delay on the ATN and EOI channels, a fast receiver has been provided on 
Channel 6 (Pins 9 and 16). 


Characteristic 
Symbol 
Min 
TVp 
Max 
Unit 


Propagation 
Delay Time - 
Send/Receiver 
to Data 
n, 


Logic High to Third 
State 
tpHZ(R) 
- 
15 
30 


Third 
State to Logic High 
tpZH(RI 
- 
15 
30 


Logic Low to Third 
State 
tpLZIRJ 
- 
15 
25 
Third 
State 
to Logic Low 
tpZLIRJ 
- 
10 
25 


Propagation 
Delay Time - 
Send/Receiver 
to Bus 
n, 


Logic Low to Third 
State 
tPLZ(D) 
- 
13 
25 


Third 
State 
to Logic Low 
tPZLlDI 
- 
30 
50 


f:: 1.0 MHz 


tTLH:: 
tTHL 
"i; 
5.0 ns (10-90) 


Du ty Cycle 
= 50% 


To Scope 


(Output) 
3.0 
V 
Sendl 


Rec 


CLO 130 pF 


f = 1.0 MHz 


tTLH = tTHL" 
5.0 ns (10-90) 


Duty 
Cycle'" 
50% 


3.0 V 


CL - 30 pF (Includes 
Jig and 


Probe 
Capacitance 


f>= 
1.0 MHz 


tTLH 
= tTHL"''' 
5.0 ns (10-90l 


Duty 
Cycle:: 
50% 


• 


II 


f = 1.0 MHz 


tTLH 
= tTHL =" 
5.0 ns (10-90) 


Duty 
Cycle = 50% 


I 
I 


I 
~ 
I 
~ - 
I 


Non-Shaded 
Area 
- 
Conforms to 


Paragraph 
3-5.3 
of - 


lEE E Standard 
- 
488-1978 


VCC 
I 
' 5_0VI 
- 


~ 4.0- 
~ 
o~ 
w 
CJ 
3.0 
«~ 
o>!20 


~ 
1.0 


:< 
oS 


>- 
~ 
-2.0 
B -4.0 


~ 
-6.0 


~ 
-8.0 


-10 


-12 


-14 


-4.0 
-2.0 
0 
2.0 


V8US, 8US VOLTAGE IVOLTSI 


0.5 
1.0 
1.5 


VI, INPUT VOLTAGE (VOLTS) 


, 0 


0 
0 


0 


0 
0 


0 
0 
0 
0 
0 
0 


0 


0 
0 


DAV 


DAC 


RFD 


0 
0 


<{ 
VCC 
co 
T~O~~"L"~I ! 
"00 
OM 
1 ~ 
a 
0----<, 
~:... 
O-----SRQ 
0101 
1 ~ 
"f..... 
, 
Q--------//-~-~n 
0----- 
I 


: 
I 
~ 
0-----1 
I n 
~ I 
0 
0-----------/-------" 
0----- 
1 
I 
----- 
• 
I 
/ 
~______ 
I 
a 
)! 
4 
0 
,/ 
0--- 
0108 
~ 
DAC 
187 
0------// 
0--- 
AFD 


T/A' 
SiR 
IS) 05/AI'---41----O---------- 


::~~~/:w;SI:161 
'""~ Ir+·"". 
REN 
<:>----0 
~ 
:e~:t;re~;1 
second 


T/R 1 
080 


r--------, 
T/R 
2 
I 
087 
2 MC3447s 
I 
I 


OAV 
I 
OAV 
R/iN 


RS0 
0101 
180 


RS2 


0103 
182 


0105 
184 


IRQ 


0107 
186 


NOAC 
OAC 


en 
::> 
al 
EOI 
EOI 


'"•.. 
'"eO 
IFC 
IFC 
'".. 
MC68488 
ww 
t--------~ 
GPIA 
w 
I 
SRQ 
SRQ 


0102 
iB1 


0104 
183 


0106 
IB5 


0108 
187 


NRFO 
RFO 


ATN 
ATN 


REN 
REN 


I 
L______ 
...J 


Trig 


-= 


00 


07 


R!W 


MC6802 


A0 
MC6800 


MPU 


A15 


IRQ 


NOTE 
1: Although 
the 
MC3447 
transceivers 


are 
non-inverting. 
the 
488-1978 
bus callouts 
appear 
inverted 
with 
respect 
to 
the 
MC68488 
pin designations. 
This 
is because the 488-1978 
Standard 
is defined 
for 
negative 
logic, while all 
M6800 
MPU 
components 
make 
use of positive 


logic format. 


II 


MC68488 
MC68488 
Connections 
MC3447 
Pin Designations 
Connections 


A 
B 
A 
B 


T/R 2 
VCC 
SiR 
(01 
~ 
VCC 
VCC 
VCC 


DAV 
SRC 
Data 0 a 
2 
23 
Bus 0 
DAV 
SRC 


160 
iB1 
Data 1 
3 
22 
Bus 1 
0101 
0102 


162 
163 
Data 2 
4 
21 
Bus 2 
0103 
0104 


iB4 
165 
Data 3 
5 
20 
Bus 3 
0105 
DID 
6 


166 
167 
Data 4 
6 
Octal 
'9 
Bus 4 
0107 
DID 8 
GPIB 
DAC 
RFD 
Data 5 
7 
Transceiver 
'8 
Bus 5 
NDAC 
NRFD 


T/A 2 
T/R 
2 
SIR 
(5) 
8 
'7 
SiR 
(' 
-41 
T/R 2 
T/A 
2 


Eol 
ATN 
Data 6 
9 
16 
Bus 6 
Eol 
ATN 


iFC 
REN 
Data 7 
'0 
'5 
Bus 7 
IFC 
REN 


T/R 1 
Gnd 
SiR 
(61 
11 
'4 
SiR 
(7) 
Gnd 
Gnd 


Gnd 
Gnd 
Logic Gnd 
12 
13 
Bus Gnd 
Gnd 
Gnd 


® MOTOROLA 


BIDIRECTIONAL 
INSTRUMENTATION 
BUS (GPIB) TRANSCEIVER 


This 
bidirectional 
bus 
transceiver 
is intended 
as 
the 
interface 


between 
TTL 
or 
MOS 
logic 
and the 
IEEE 
Standard 
Instrumentation 


Bus 
(4B8-1978. 
often 
referred 
to 
as GPIB)_ 
The 
required 
bus 


termination 
is internally 
provided. 


Each 
driver/receiver 
pair 
forms 
the 
complete 
interface 
between 


the 
bus and 
an 
instrument. 
Either 
the 
driver 
or 
the 
receiver 
of each 


channel 
is 
enabled 
by 
its 
corresponding 
Send/Receive 
input 
with 


the 
disabled 
output 
of 
the 
pair 
forced 
to a high 
impedance 
state. 
An 


additional 
option 
allows 
the 
driver 
outputs 
to 
be operated 
in 
an 


open 
collector(1) 
or 
active 
pull-up 
configuration. 
The receivers 
have 


input 
hysteresis 
to 
improve 
noise 
margin, 
and 
their 
input 
loading 


follows 
the 
bus standard 
specifications. 


• 
Four 
Independent 
Driver/Receiver 
Pairs 


• 
Three-State 
Outputs 


• 
High 
Impedance 
Inputs 


• 
Receiver 
Hysteresis 
- 
600 
mV 
(Typ) 


• 
Fast Propagation 
Times 
- 
15-20 
ns (Typ) 


• 
TTL 
Compatible 
Receiver 
Outputs 


• 
Single 
+5 
Volt 
Supply 


• 
Open 
Collector 
Driver 
Output 
Option(1) 


• 
Power 
Up/Power 
Down 
Protection 


(No 
Invalid 
Information 
Transmitted 
to Bus) 


• 
No Bus Loading 
When 
Power 
Is Removed 
From 
Device 


• 
Required 
Termination 
Characteristics 
Provided 


(1) 
Selection 
of 
the 
"Open 
Collector" 
configuration, 
in 
fact, 
selects 
an 
open 
collector 
device 
with 
a passive 
pull-up 
load/termination 
which conforms 
to 
Figure 7, IEEE 
488-1978 
Bus Standard. 
MAXIMUM 
RATINGS 
ITA' 
25°C unless otherwise noted) 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
7.0 
Vdc 


Input Voltage 
VI 
5.5 
Vdc 


Driver Output Current 
10(0) 
150 
mA 


Junction Temperature 
TJ 
150 
°c 


Operating Ambient Temperature Range 
TA 
o to +70 
°c 


Storage Temperature Range 
TSt9 
-6510+150 
°c 


Instrument 


A 


(With 
GPIB) 


Instrument 


B 
(With 
GPIB) 


Programmable 


Calculator 
(With 
GPIB) 


QUAD THREE-STATE 
BUS TRANSCEIVER 
WITH 
TERMINATION 
NETWORKS 


SILICON MONOLITHIC 


INTEGRATED 
CIRCUIT 


,,~ 


1 
0 SUFFIX 


PLASTIC PACKAGE 
, 


CASE 751B-03 
16 


50-16 


_ 
PSUFFI~ 


PLASTIC PACKAGE 


16 1 
CASE 648-06 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 620-10 


Send/Rec. 
Vcc 
Input A 


Data 
A 
Send/Aec. 
Input 
0 


Bus A 
Data 
0 


Pull-Up 


Enable . 
Bus 0 


Input 
A-B 
Pull-Up 


Bus B 
Enable 


Input 
CoO 


Data 
8 
Bus C 


Send/Rec. 
Data 
C 


Input 
B 


Send/Aec 
. 
. Input 
C 


Send/Rec. 
Enable 
Info. 
Flow 
Comments 


0 
X 
Bus 
-+ Data 
- 


1 
1 
Oata-+Bus 
Active 
Pull' 
Up 


1 
° 


Data 
-+ Bus 
Open 
Col. 


• 


MC3448A 
ELECTRICAL 
CHARACTERISTICS 


(Unless otherwise noted 4.75 V '" vCC 
'" 5.25 V and 0 " T A'" 
70oe; tYpical values are at T A=' 2SoC. VCC :: 5.0 VI 


Characteristic 
Symbol 
Min 
TVp 
Max 
Unit 


Bus Voltage 
V 


IBus Pin openllVIlS/RI 
= 0.8 VI 
VIBUS) 
2.75 
- 
3.7 


(lIBUS) = -12 mAl 
VIC{BUS) 
- 
- 
-1.5 


Bus Current 
IIBUSI 
mA 


15.0V •• V IBUS) •• 5.5 V) 
0.7 
- 
2.5 


IVIBUS) = 0.5 V) 
-1.3 
- 
-3.2 


IVCC = 0 V, 0 v •• VIBUSI" 
2.75 V) 
- 
- 
+0.04 


Receiver Input Hysteresis 
- 
400 
600 
mV 


(VIIS/R) 
= 0.8 V) 


Receiver Input Threshold 
V 


IVIlS/R) 
= 0.8 V, low to High) 
VllH{R) 
- 
1.6 
1.8 


IVIlS/R) 
= 0.8 V, High to low) 
VIHLlR) 
0,8 
1.0 
- 


Receiver Output 
Voltage 
- 
High Logic State 
VoHIR) 
2.7 
V 


(VIIS/R) 
= 0.8 V, 10HIRI = -800 ~A, Vmusl 
= 2.0 V) 


Receiver Output 
Voltage - 
Low Logic State 
VoLlR) 
0.5 
V 


(VIIS/R) 
= 0.8 V, 10LlR) = 16 mA, VIBUS) = 0.8 V) 


Receiver 
Output 
Short 
Circuit 
Current 
10SIR) 
-15 
- 
-75 
mA 


IVIlS/R) 
=0.8 V, VIBUSI = 2.0 VI 


Driver Input Voltage 
- 
High Logic State 
VIHIO) 
2.0 
- 
- 
V 


IVIIS/R) 
= 2.0 V) 


Driver Input Voltage - 
Low Logic State 
VILIOI 
0.8 
V 


IVIIS/R) 
= 2.0 V) 


Driver Input Current 
Data Pins 
~A 
(VIIS/R) 
= VilE) 
= 2.0 V) 
10.5" 
VIIOI" 
2.7 V) 
11(0) 
-200 
- 
40 


IVIIO) 
= 5.5 V) 
118(0) 
- 
- 
200 


Input Current 
- 
Send/Receive 
~A 
10.5•• VIIS/R)" 
2.7 V) 
IIlS/RI 
-100 
- 
20 


IVIIS/R) 
= 5.5 V) 
'IBIS/RI 
- 
- 
100 


Input Current 
- 
Enable 
~A 
10.5" 
VilE)" 
2.7 V) 
IIIE) 
-200 
- 
20 
IVIIE) 
= 5.5 V) 
IIBIE) 
- 
- 
100 


Driver Input Clamp Voltage 
VIC{O) 
-1.5 
V 
IVIIS/RI 
= 2.0 V, IICIO) = -18 mAl 


Driver Output 
Voltage 
High Logic State 
VoHIOI 
2.5 
V 
IVIIS/R) 
= 2.0 V, VI HID) = 2.0 V, VIHIE) = 2.0 V, 10H = -5.2 mAl 


Driver Output 
Voltage - 
Low Logic State (Note 
1) 
VOllOI 
- 
- 
0.5 
V 


IVIIS/R) 
= 2.0 V, 10LiOI = 48 mAl 


Output 
Short Circuit Current 
10SI01 
-30 
- 
-120 
mA 
IVIIS/R) 
= 2.0 V, VIHIDI 
= 2.0 V, VIHIE) = 2.0 VI 


Power Supply Current 
mA 
(Listening Mode - 
All Receivers On) 
ICCl 
- 
63 
85 
(Talking 
Mode - 
All Drivers On) 
leCH 
- 
106 
125 


Propagation 
Delay of Driver 
ns 


(Output 
Low to High) 
tPlHIO) 
- 
- 
15 
(Output 
High to Low) 
tPHLlO) 
- 
- 
17 


Propagation 
Delay of Receiver 
ns 
(Output 
Low to High) 
tPlHIRI 
- 
- 
25 


(Output 
High to Low) 
tPHLlR) 
- 
- 
23 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Propagation Delay Time - Send/Receive to Data 
n, 


Logic High to Third State 
'pHZIR) 
- 
- 
30 
Third State to Logic High 
'PZHIR) 
- 
- 
30 
Logic Low to Third State 
'PLZIR) 
- 
- 
30 


Third State to Logic Low 
'PZLlR) 
- 
- 
30 


Propagation Delay Time - 
Send/Receive to Bus 
n, 


Logic High to Third State 
'pHZID) 
- 
- 
30 


Third State to Logic High 
'pZHID) 
- 
- 
30 
Logic Low to Third State 
'PLZID) 
- 
- 
30 


Third State to Logic Low 
'pZL'D' 
- 
- 
30 


Turn-On Time - 
Enable to Bus 
n, 


Pull-Up Enable to Open Collector 
'POFFIE) 
- 
- 
30 
Open Collector to Pull-Up Enable 
'PONIE) 
- 
- 
20 


f = 1.0 MHz 


tTLH 
= tTHL" 
5.0 ns (10-90) 


Dutv 
Cycle = 50% 


To 
Scope 


(Output) 
2.3 V 
Sendl 


Rec 


OV 
E 


'PHLIDI 


------ 
••••- ---VOH 


0.8 
V 
VOL 


f = 1.0 MHz 


tTLH:Z: tTHL" 
5.0 ns (10-90) 


Dutv 
Cycle 
= 50% 


To Scope 
(Input) 


Pulse 
Generator 


~'35 


01''": .L 


f:: 1.0 MHz 


tTLH = tTHL =" 
5.0 ns (10-90) 


Duty 
Cycle 
= 50% 


• 


f = 1.0 MHz 


tTLH = tTHL 
== 
iii; 5.0 ns (10-90) 


Duty 
Cycle"" 
50% 


Vcc-5.OV 
~ 
4.0--TA-250C 
o2: 
w 
C!3 
3.0 
~ 
o> 
~ 
2.0 
g 


~ 
1.0 


0.5 
1.0 
1.5 


VI. 
INPUT 
VOLTAGE 
(VOLTS) 


tPON(El 
t= 


Output _~t::°vV 


f= 
1.0 MHz 


tTLH 
= tTHL 
= 
'" 5.0 ns (10-90) 


Du ty Cycle"" 
50% 


I 
I 
I 
- 
-- 


,,; 
I 
;;;- 


Non·Shaded 
Area - 
Conforms 
to 


Paragraph 3·5.3 of - 
IEEE Standard 
488·1978 
- 


VCC = 5.0 V 
- 
vI 
I 


«.s 
>- 
~ 
-2.0 


~ 
-4.0 


~ 
-6.0 


~ 
-8.0 


-10 


-12 


-14 


-4.0 
-2.0 
0 
2.0 


V8US. 
BUS VOLTAGE 
(VOLTS) 


T/R 
1 
DBIi 


T/R 
2 


DB7 


EO' 
R/Vi 


SRQ 
RSII 


RS2 


REN 


IFC 


IRQ 


ATN 


DAC 


RFD 


DAV 


MC68488 
GPIA 


IBII 


IBl 


iB2 


IB3 


IB4 


IB5 


IB6 


IB7 


Trig 


-= 


EO' 


SRQ 


ci 


REN 


• 
c,. 
IFC 
Ill::; 


~-------< 
l 


, 


ATN 


C" 
. 


VI 
'" 
::> . 


III 
.c 


on 
"0 
NRFo 
•.. 
• 
c 
'" ,. 


IIlJ: 


•• 
DAV 
.,• 
W 
w 
t--------~ 
~ 
I 


0101 


0111 


07 


R/W 


MC6802 


AfJ 
DR 


MC6800 
MPU 


A15 


IRQ 


NOTE 
1: 
Although 
the MC3448A 
transceivers 


are 
non-inverting, 
the 
488-1978 
bus call outs 


appear 
inverted 
with 
respect 
to 
the 
MC68488 
pin 
designations. 
This 
is because the 488-1978 


Standard 
is 
defined 
for 
negative 
logic, 
while 


all 
M6800 
MPU 
components 
make 
use 
of 
positive logic format. 


NOTE 
2: 
Unless 
proper 
considerations 
are 
provided, 
it 
is recommended 
that 
the 
pull-up 


enable 
pins 
on 
the 
MC3448As 
be 
grounded, 


selecting the open-collector 
mode. 


• 


• 


Specifications 
and Applications 
Information 


QUAD 
MTTL 
COMPATIBLE 
LINE RECEIVERS 


The 
MC3450 
features four 
MC75107 type active pullup 
line 
receivers with 
the addition 
of a common three-state strobe input. 
When the strobe input is at a logic zero, each receiver output state is 
determined by the differential 
voltage across its respective inputs. 
With the strobe high, the receiver outputs are in the high impedance 
state. 
The MC3452 is the same as the MC3450 except that the outputs 
are open collector 
which 
permits the implied 
"AND" 
function. 
The strobe input on both devices is buffered to present a strobe 
loading factor 
of only 
one for 
all four receivers and inverted to 
provide best compatability 
with standard decoder devices. 


• 
Receiver Performance Identical to the Popular 
MC75107/MC75108 Series 


• 
Four Independent Receiverswith Common Strobe Input 


• 
Implied "AND" 
Capability with Open Collector Outputs 


• 
Useful asa Quad 1103 type Memory SenseAmplifier 


FIGURE 
1 - 
A TYPICAL 
MOS MEMORY 
SENSING APPLICATION 
FOR A 
4-K WORD BY 4-BIT MEMORY 
ARRANGEMENT 
EMPLOYING 
1103 TYPE MEMORY 
DEVICES 


QUAD 
LINE 
RECEIVERS 
WITH COMMON 
THREE-STATE 
STROBE 
INPUT 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 


o SUFFIX # 
PLASTIC PACKAGE 
CASE 7518-03 
16 
SO-16 
, 
J'If"t 
J 
_ 


l SUFFIX 
CERAMIC 
PACKAGE 
CASE 620-10 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-06 


OUTPUT 


INPUT 
STROBE 
MC3450 
MC3452 


VID~ 
L 
H 
Off 


+25 
mV 
H 
Z 
Off 


-25 
mV 
:s:;;; 
L 
I 
I 


VIO:S;;;;+25mV 
H 
Z 
Off 


VIO< 
L 
L 
L 
-25 mV 
H 
Z 
Off 


L'"' 
Low 
Logic 
State 
H "" High 
Logic 
State 


Z "" Third 
(High 
Impedance) 
State 
I = Indeterminate 
State 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltages 
VCC.VEE 
±7.0 
Vdc 


Differential-Mode 
I nput Signal Voltage Range 
VI DR 
±6.0 
Vdc 


Common-Mode 
Input Voltage Range 
VICR 
±5.0 
Vdc 


Strobe Input Voltage 
VIIS) 
5.5 
Vdc 


Power Dissipation (Package Limitation) 
Po 
Ceramic Dual I n-Line Package 
1000 
mW 
Derate above T A :: +2SoC 
6.6 
mWf'C 


Plastic Dual I n-Line Package 
1000 
mW 
Derate above T A :: +2SoC 
6.6 
mWf'C 


Operating Temperature 
Range 
TA 
o to +70 
°c 


Storage Temperature 
Range 
Tstg 
455 to +150 
°c 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power Supply Voltages 
VCC 
+4.75 
+5.0 
+5.25 
Vdc 


VEE 
-4.75 
-5.0 
-5.25 


Output 
Load Current 
10L 
- 
- 
16 
mA 


Differential-Mode 
Input Voltage Range 
VIDR 
-5.0 
- 
+5.0 
Vdc 


Common-Mode 
Input 
Voltage Range 
VICR 
-3.0 
- 
+3.0 
Vdc 


I nput Voltage Range (any input to Ground) 
VIR 
-5.0 
- 
+3.0 
Vdc 


MC34S0 
MC34S2 


Characteristic 
Symbol 
Fig. 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


High Level Input Current to Receiver Input 
IIHII) 
7 
- 
- 
75 
- 
- 
75 
~A 


Low Level Input Current to Receiver Input 
IIL(I) 
8 
- 
- 
-10 
- 
- 
-10 
~A 


High Level f nput Current to Strobe Input 
IIHIS) 
5 
VIHIS) = +2.4 V 
- 
- 
40 
- 
- 
40 
~ 
VIHIS) = +5.25 V 
- 
- 
1.0 
- 
- 
1.0 
mA 


Low Level Input Current to Strobe Input 
IILlS) 
5 
- 
- 
-1.6 
- 
- 
-1.6 
mA 
VI HIS) = +0.4 V 


High Level Output 
Voltage 
VOH 
3 
2.4 
- 
- 
Vdc 


High Level Output 
Leakage Current 
ICEX 
3 
- 
- 
- 
- 
250 
~A 


Low Level Output 
Voltage 
VOL 
3 
- 
- 
0.5 
- 
- 
0.5 
Vdc 


Short·Circuit 
Output 
Current 
10S 
6 
-18 
- 
-70 
- 
- 
- 
mA 


Output 
Disable Leakage Current 
loff 
9 
- 
- 
40 
- 
- 
- 
~A 


High Logic Level Supply Current from 
VCC 
ICCH 
4 
- 
45 
60 
- 
45 
60 
mA 


High Logic Level Supply Current from VEE 
IEEH 
4 
- 
-17 
-30 
- 
-17 
-30 
mA 


MC34S0 
MC34S2 


Characteristic 
Symbol 
Fig. 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


High to Low Logic Level Propagation Delay 
tPHL{D) 
10 
- 
- 
25 
- 
- 
25 
ns 
Time (Differential 
Inputs) 


Low to High Logic Level Propagation Delay 
tPLHID) 
10 
- 
- 
25 
- 
- 
25 
ns 
Time (Differential 
Inputs) 


Open State to High Logic Level Propagation 
tpZH{SI 
11 
- 
- 
21 
- 
- 
- 
ns 
Delay Time 
(Strobe) 


High Logic Level to Open State Propagation 
tPHZISI 
11 
- 
- 
18 
- 
- 
- 
ns 
Delay Time IStrobel 


Open State to Low Logic Level Propagation 
tPZLlS) 
11 
- 
- 
27 
- 
- 
- 
ns 
Delay Time IStrobel 


Low Logic Level to Open State Propagation 
tpLZ{SI 
11 
- 
- 
29 
- 
- 
- 
ns 
Delay Time 
(Strobe) 


High Logic to Low Logic Level Propagation 
tPHLISI 
12 
- 
- 
- 
- 
- 
25 
ns 
Delay Time (Strobe) 


Low Logic to High Logic Level Propagation 
tpLHIS) 
12 
- 
- 
- 
- 
- 
25 
ns 
Delay Time (Strobe) 


• 


II 
V1 
v, 
VJ 
v. 


MC3450 
MC3452 
MC3450 
MCJ.452 
MC3450 
MC3452 
MC3450 
MI:3452 
11 


+2.91$\1 
+3.0 
V 
- 
+3.0 
V 
GNO 
+O.4mA 
vOK 
-3.0 
V 
-2.915 
V 
GNO 
-3.0 
V 
- 
- 
+2.975\1 
- 
+3.0 
V 
- 
.•3.0 
V 
liND 


ICEX 
-3.0 
V 
- 
-2.975\1 
GNO 
-:1.0 V 
- 


+3.0 
V 
+3,0 
V 
+2.975 
V 
+2.915 
V 
GNO 
GNO 
+3.0 
V 
+:1.0 
V 
-16mA 
VOc 
-2.915\1 
-2.975 
V 
-3.0 
V 
-3.0 
V 
-3.0 
V 
-3.0 
V 
GNO 
<1NO 
(MC3452) 


+S.25V'-'& 


ICEX 


III 


(MC3450) 


Ein 
200mV~----50% 


OV 


t:~~l~_~____ 
tPHLlO) 


EO 
1.5 V 


VOL 


Ein waveform characteristics: 
tTLH 
and tTHL:E;;;;10ns measured 10% to 90% 


PRR 
'= 1.0 
MHz 


Duty Cycle - 500 ns 


$1 at "A" 
for MC3452 
$1 at "B" 
for MC3450 
CL - 15 pF total for MC3452 
CL • 50 pF total for MC3450 


II 


tPLZ(S)! E;n3:: - ---- 


EO 


3.0V~ 
50% 


tPZL(SI! 
Ein 
0 V ---- 
- 
tpZL(S) 


S.OV-VO, 


EO 
1.5 V 


VOL-------- 


V1 
V2 
51 
52 
CL 


tpLZ(S) 
100 mV 
GND 
Closed 
Closed 
15 pF 


tpZL(SJ 
100 mV 
GND 
Closed 
Open 
50 pF 


tPHZ(S) 
GND 
lOQmV 
Closed 
Closed 
15 pF 


tpZH(S) 
GND 
100 
mV 
Open 
Closed 
50 pF 


CL includes 
j ig and probe 
capacitance. 


Ein 
waveform 
characteristics 


tTLH 
and tTH L ~ 10 ns measured 10% to 90%. 


PAR'" 
1.0 MHz 


Duty 
Cycle 
-"- 50% 


tPHZ(Sl!"" '::_Uc""" 


VOH 
EO 
"OH-O.5 
V 


'" 
1.5 V 


! 


E;n 


OV 


tpZH(S) 
VOH------ 
_ 


EO 


:::::::0V 


15 pF 


ItTotall 


Ein waveform 
characteristics' 


tT LH 
and 
tTH 
L ~ 
10 ns measured 
10% 
to 
9~ 


PAR'" 
1.0 
MHz 


Duty 
Cycle" 
500 
ns 


lBo 


COMPUTER 
BUS 


MEMORY 


BUS 
STROBE 


Tne MC3452 can be used for address decoding as illustrated 


above. 
All 
outputs 
of 
the 
MC3452 
are 
tied 
together 
through 
a 


common 
resistor 
to 
+5.0 volts. 
In 
this 
configuration 
the 
MC3452 


provides the 
"AND" 
function. 
All 
addresses have to 
be true 


before 
the 
output 
will 
go 
high. 
This 
scheme 
eliminates 
the 
need 
for 
an 
"AND" 
gate 
and 
enhances 
speed 
throughput 
for 
address 


decoding. 


I 
I 


MC3450 
I 
MC34S2 
I 
I 
I 
I 
I ·T •.cl •••••• k of 0'll't.l 


L 
-.J 
Equ.p •.•.••,lICo,p 


TO 
AODITIONAL 
RECEIVERS 


The 
MC3450/3452 
can 
be 
used 
for 
single-ended 
as well 
as 
differential 
line 
receiving. 
For 
single·ended 
line 
receiver 
appli· 


cations, 
such 8' are 
encountered 
in 
minicomputers, 
the 
con- 


figuration 
shOwn 
in 
Figure 
15 
can 
be 
used. 
The 
voltage 
source, 


which 
generates 
Vr.f, 
should 
be 
designed 
so 
that 
thtl 
Vref 


VOltage 
is 
halfway 
between 
VOH(min) 
and 
VOL(mex). 
The 


maximum 
input 
overdrive 
required 
to 
guarantee 
a 
given 
logic 


state 
is extremely 
small, 
25 
mV 
malilimum. 
This 
low·input 
over- 


drive 
enhances 
differential 
noise 
immunity. 
Alto 
the 
high-input 


impedance 
of 
the 
line 
receiver 
permits 
many 
receivers 
to 
be 


placed 
on 
a lingle 
line 
with 
minimum 
lo.d 
effects. 


• 


~AOBE 


v 


MC3453 


STROBEL--- 


~ 


MC3453 


L...-- 


,.---- 


MC3453 


STROB~ - 
::g:: 


MC3453 4-- 


.~ 
- 
- 


01 
--<>- 


',2 
Q2 
2/3 
X 
-----0- MC7404 
-0- 
Me4Q07 


~ 


CIRCUIT 
CIRCUIT 
--<>--- 
-0- 


0_ 


--<>- 


V 


- 


® MOTOROLA 


The 
MC3453 
features 
four 
SN75110 
type 
line 
drivers 
with 
a 
common 
inhibit 
input. 
When 
the inhibit 
input 
is high, a constant 
output 
current 
is switched 
between 
each pair of output 
terminals 
in response 
to the 
logic 
level 
at that 
channel's 
input. 
When 
the 
inhibit 
is low, all channel 
outputs 
are nonconductive 
(transistors 
biased 
to cut-off). 
This 
minimizes 
loading 
in party-line 
systems 
where 
a large 
number 
of drivers 
share the same line. 


• 
Four Independent 
Drivers 
with 
Common 
Inhibit 
Input 


• 
-3.0 
Volts 
Output 
Common-Mode 
Voltage 
Over Entire 
Operating 
Range 


• 
Improved 
Driver 
Design 
Exceeds 
Performance 
of 
Popular 
SN75110 


QUAD 
LINE 
DRIVER 
WITH 
COMMON 
INHIBIT 
INPUT 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


_ 
Ii 
- 


16 


1 
,- 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620-10 


P SUFRX 
PLASTIC 
PACKAGE 
CASE 
648-06 


y 


OUTPUT 
A 


Z 
y 


OUTPUT 
B 


Z 
Z 


OUTPUT 
C 


Y 
Z 


OUTPUT 
0 


Y 


OUTPllT 


LOGIC 
INHIBIT 
CURRENT 


INPllT 
INPUT 
Z 
y 


H 
H 
On 
Off 


L 
H 
Off 
On 


H 
L 
Off 
Off 


L 
L 
Off 
Off 


Power Supply Voltage 
Vee 
+7.0 
Volts 


VEE 
-7.0 


Logic and Inhibitor 
Input Voltages 
Vin 
5,5 
Volts 


Common-Mode Output 
Voltage Range 
VoeR 
-5.0 to +12 
Volts 


Power Dissipation (Package Limitation) 
Po 


Plastic and ceramic Dual In-Line Packages 
1000 
mW 


Derate above T A :: +2SoC 
6.6 
mWf'e 


Operating Ambient Temperature Range 
TA 
010 +70 
°e 


Storage Temperature Range 
Tstg 
-6510 +150 
°e 


Plastic and Ceramic Dualln·Line 
Packages 


Characteristic 
Symbol 
Min 
Nom 
Max 
Unit 


Power Suppty Voltages 
Vee 
+4.75 
+5.0 
+5.25 
Volts 


VEE 
-4.75 
-5.0 
-5.25 


Common-Mode Output Voltage Range 
VoeR 
Volts 


Positive 
0 
- 
+10 


Negative 
0 
- 
-3.0 


Characteristic 


High-Level Input Voltage (at any input) 


Low-Level Input Voltage (at any input) 


·The algebraic convention, where the most positive limit isdesignated maximum, is usedwith Logic Level Input Voltage Levels only. 


Charaeteristic## 
Symbol 
Min 
Typit 
Max 
Unit 


High-Level Input Current (Logic Inputs) 
IIHL 
1Vee = Max. VEE = Max. VIHL = 2.4 VI 
- 
- 
40 
~A 
1Vee = Max. VEE = Max. VIHL = Vee Maxi 
, 
- 
- 
1.0 
mA 


Low-Level tnput Current (Logic Inputs) 
IILL 
-1.6 
mA 
(Vee = Max. VEE = Max. VI LL = 0.4 VI 


High-Level Input Current (Inhibit 
Input) 
IIHI 


(Vee = Max, VEE = Max, VIHI = 2.4 VI 
- 
- 
40 
~A 
(Vee = Max, VEE = Max. VI H = Vee Maxi 
- 
- 
1.0 
mA 


Low·Levellnput 
Current (Inhibit 
Input) 
IILI 
- 
- 
-1.6 
mA 
IVee = Max, VEE = Max, VI LI = 0.4 VI 


Output Current ("on" state) 
lolonl 
mA 
IVee = Max. VEE = Maxi 
- 
11 
15 
(Vee 
= Min, VEE = Mini 
6.5 
11 
- 


Output Current ("off" 
state) 
lo(oft) 
- 
5.0 
100 
~A 
1Vee = Min, VEE = Mini 


Supply Current from VCC (with driver enabled) 
leelon) 
- 
35 
50 
mA 
IVILL 
= 0.4 V. VIHI = 2.0 VI 


Suppfy Current from VEE (with driver enabled) 
IEElon) 
- 
65 
90 
mA 
(VILL 
= 0.4 V. VIHI = 2.0 V) 


Supply Current from VCC (with driver inhibited) 
leeloft) 
35 
50 
mA 


(VILL 
=O.4V.VILI=O.4VI 


Supply Current from VEE (with driver inhibited) 
IEE(oft) 
25 
40 
mA 
(VI LL = 0.4 V. VI LI = 0.4 VI 


#AII typical values 
are at VCC ""+5.0 V. VEE:: 
-5.0 V, TA:: 
+250C. 
##For 
conditions shown as Min or Max, use the appropriate value specified under recommended operating 
conditions for the applicable device type. 
Ground unused inputs and outputs. 


Characteristic 
Symbol 
Min 
TVp 
Max 
Unit 


Propagation Delay Time from Logic Input 
to 
PLHL 
- 
9.0 
17 
ns 
Output Y or Z IR L : 50 ohms, CL • 40 pFI 
tPHLL 
- 
9.0 
17 


Propagation Delay Time from Inhibit 
Input 
tPLHI 
- 
16 
25 
ns 


to Output Y or Z IRL = 50 ohms, CL = 40 pFI 
tPHLI 
- 
20 
25 


3.0 V 


INHIBIT 
INPUT 


OV 


ov 


OUTPUT 
Z 


TEST 
CIRCUITS 


FIGURE 4 - 
LOGIC INPUT TO OUTPUT PROPAGATION 
FIGURE 5 -INHIBIT 
INPUT TO OUTPUT PROPAGATION 
DELAY TIME TEST CIRCUIT 
DELAY TIME TEST CIRCUIT 


50 


3 


E1n 


tTLH 
50 
4 


tTHL 
MC3453 
~10nJ y 


Output 


to 
Z 


Scope 
50 


8 
Ein 


tTLH 
= tTHL 


",10 no 


Output 
to 
Y 
scoPy 


40 pF I 
Z 
(total) _ 


Ein to Scope 


II 


® MOTOROLA 


TRIPLE 
WIDEBAND 
PREAMPLIFIER 
WITH 
ELECTRONIC 
GAIN CONTROL 
(EGC) 


The MC3467 provides three independent preamplifiers with 
in- 
dividual electronic gain control 
in a single 18-pin package.Each pre- 
amplifier 
has differential 
inputs and outputs allowing operation in 
completely 
balanced systems. The device is optimized for use in 9- 


track 
magnetic 
tape 
memory 
systems 
where 
low 
noise 
and 
low 
dis- 


tortion 
are paramount 
objectives. 


The electronic gain control allows each amplifier's gain to be set 


anywhere 
from 
essentially 
zero 
to 
a 
maximum 
of 
approximately 


100 VIV. 


• 
Wide 8andwidth - 15 MHz ITyp) 


• 
Individual Electronic Gain Control 


• 
Differential 
Input/Output 


TYPICAL APPLICATION 
HIGH PERFORMANCE 
9·TRACK OPEN REEL 
TAPE SYSTEM 


LSI 


Formatter 
MC8500 
MC8501 
MC8502 
MC8520 


TRIPLE 
MAGNETIC 
TAPE 


MEMORY 
PREAMPLIFIER 


P SUFFIX 
PLASTICPACKAGE 
707-02 


L SUFFIX 


CERAMICPACKAGE 


CASE726-04 


}output 


Input{ 
7 


• 


Rating 
Symbol 
Value 
Unit 


Power 
SupplV 
Voltages 
V 
Positive S",pply Voltage 
VCC 
6.0 
Negative Supply Voltage 
VEE 
-9.0 


EGC Voltages (Pins 1,6 and 13) 
VIIEGCI 
-5.0 
to VCC 
V 


Input Differential 
Voltage 
VID 
<5.0 
V 


Input Common-Mode 
Voltage 
VIC 
<5.0 
V 


Amplifier 
Output 
Short Circuit 
tse 
10 
s 
Duration (to Ground) 


Operating Ambient 
Temperature 
Range 
TA 
o to +70 
°c 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
°c 


Junction 
Temperature 
TJ 
+150 
°c 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power Supply Voltage Range 
Positive Supply Voltage 
VCCA 
4.75 
5.0 
5.25 
V 
Negative Supply Voltage 
VEEA 
-5.5 
-6.0 
-7.0 
V 


Operating 
EGC Voltage 
VIIEGCI 
0 
- 
VCC 
V 


Differential 
Voltage Gain (Balanced) 
AVO 
85 
100 
120 
v/v 
(VIIEGCI 
: 0, ei : 25 mVp-pl 
(See 
Figure 
1) 


Differential 
Voltage Gain 
AVO 
- 
0.5 
2.0 
V/V 


(VIIEGC) 
: VCCI 


Maximum 
Input Differential 
Voltage 
VIDA 
0.2 
- 
- 
Vpp 
(Ba'aneed) (TA: 
250Cl 


Output 
Voltage Swing (Balanced) (Figure 1) 
VOA 
6.0 
8.0 
- 
Vpp 
(ei : 200 mVp-pl 


Input Common-Mode 
Range 
VICA 
<1.5 
<2.0 
- 
V 


Differential 
Output 
Offset Voltage 
VOOD 
- 
500 
- 
mV 


ITA: 
250CI 


Common-Mode 
Output 
Offset Voltage 
VOOC 
- 
500 
- 
mV 


(TA: 
250CI 


Common 
Mode Rejection 
Ratio 
(Figure 21 
CMAA 
dB 
VI(EGCI 
: 0, VCM: 
1.0 Vpp 
If: 
100 kHzl 
60 
100 
- 


If: 
1.0 MHz) 
40 
100 
- 


Small-Signal Bandwidth 
{Figure 11 
BW 
10 
15 
- 
MHz 


(-3.0 
dB, ej : 1.0 mVp-p, TA: 
250CI 


Input Bias Current 
liB 
- 
5.0 
15 
"A 


Output 
Sink Current 
(Figure 5) 
105 
1.0 
1.4 
- 
mA 


Differential 
Noise Voltage 
Referred to Input (Figure 31 
en 
- 
3.5 
- 
"YAMS 
{VIIEGCI 
: 0, AS: 
50 n, BW : 10 Hz to 1.0 MHz, TA: 
250CI 


Positive Power Supply Current 
(Figure 41 
ICC 
- 
30 
40 
mA 


Negative Power Supply Current 
(Figure 4) 
lEE 
- 
-30 
-40 
mA 


Input Resistance 
ITA: 
250CI 
'i 
12 
25 
- 
kn 


Input Capacitance 
ITA: 
250CI 
Ci 
- 
2.0 
- 
pF 


Output 
Resistance (Unbalanced) 
'0 
- 
30 
- 
Ohms 
(TA: 
25°C) 


FIGURE 1 - DIFFERENTIAL 
VOLTAGE 
GAIN, 
BANDWIDTH 
AND OUTPUT VOL TAGE SWING 
TEST CIRCUIT 
(Channel A under .est, other channels tested similarly) 


5.0 
V 


18 


17 


16 
"1 


"2 


MC3467 
eo - 8, 
- 
82 


13 


FIGURE 5 - OUTPUT SINK CURRENT TEST CIRCUIT 
(Channel A under test, other channels tested similarly) 


+5.0 
V 
+2.0 
V 


VOD 


CMAR'" 
20 log 
":'00 


AV 
VI 


1I:20log 
VOD 


100 VI 


FIGURE 4 - POWER SUPPLY CURRENT TEST CIRCUIT 


VCC 


Krohn· 


Hite 
3202 
Filter 


Low 
Pass 
Filter 
With 


BW 
= 1.0 MHz 


FIGURE 6 - TOTAL HARMONIC 
DISTORTION 
TEST CIRCUIT 
(Channel A under test, other channels tested similarly) 


• 


>-z~~ 


~ 
1.02 
~- 
~o 
:Ow 
~N~:; 
~: 
1.00 
~~ 
:;~ 
~ 
~ 
0.98 
; 


TYPICAL 
CHARACTERISTICS 
(VCC = 5.0 V, VEE = -6.0 V, TA = 250 unlessotherwise noted) 


Av:: 
30 


VIIEGC) 
= 1.8 V 


11'" 100 kHz 
/ 


(See Figure 
6) 
/' 
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V 


-- 
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~ 
z 
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0~ 
4.0 
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>- 
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~. 


100 
150 


VI. 
INPUT 
VOLTAGE 
ImVp.pl 


VCC 
= 5.0 V 


VEE 
= -6.0 
V 


VI" 
10mV 
RMS 


11" 
100 kHz 


>-zw~~ 
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f. fREOUENCY 
IMHz) 


FIGURE 10 - NORMALIZED 
POSITIVE POWER SUPPLY 
CURRENT versul POSITIVE POWER SUPPLY VOLTAGE 
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FIGURE 13 - DIFFERENTIAL 
VOLTAGE GAIN •••• us 
ELECTRONIC GAIN CONTROL VOLTAGE (VI(EGC)I 
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Specifications 
and Applications 
Information 


The 
MC3469 
is a monolithic 
WRITE 
Current 
Controller 
designed 


to provide 
the 
entire 
interface 
between 
floppy 
disk 
heads 
and 
the 


head 
control 
and 
write 
data 
signals 
for stradle·erase 
heads. 


Provisions 
are 
made 
for selecting 
a range 
of accurately 
controlled 


write 
currents 
and 
for 
head 
selection 
during 
both 
read 
and 
write 


operation. 
Additionally, 
provisions 
are included 
for externally 
adjust- 


ing degauss period and inner/outer 
track compensation. 


• 
Head 
Selection 
- 
Current 
Steering 
Through 
Write 
Head 
and 
Erase 
Coil in Write 
Mode 


• 
Provides 
High 
Impedance 
(Read 
Data 
Enable) 
During 
Read Mode 


• 
Head 
Current 
(Write) 
Guaranteed 
Using 
Laser 
Trimmed 
Internal 


Resistor 
13.0 mA uSing 
Rext = 10 kll) 


• 
IRW Select 
Input 
Provides 
for Inner/Outer 
Track 
Compensation 


• 
Degauss 
Period 
Externally 
Adjustable 


• 
Specified 
With 
±1 0% Logic 
Supply 
and 
Head Supply 
(VSS) 
from 


108 
V to 26.4 
V 


WG 


13 
E0 


11 


Select 
E 1 


EIl<llJle 
14 
8 
Clff 


IRWS 


16 
CTl 


9 


Vref 
Iref 
HS 


FLOPPY 
DISK 
WRITE 
CONTROLLER 
- 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-06 


Vref 
Center 


Tap 
1 


Iref 
Vaa 


Gnd 
Center 


Tap 
ji! 


4 
Erase 
}if 


Write 
COIl 


~ 
Gnd 


A/W2 
6 
&asel 


R/Wl 
VCC 


lAW 
Head 


Select 
a 
Seleci 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage (Pin 10) 
Vee 
7.0 
Vdc 


Power Supply Voltage (Pin 15) 
Vaa 
30 
Vdc 


Input Voltage (Pins 4, 5, 8, 9) 
VI 
5.75 
Vdc 


Storage Temperature 
Tstg 
-55 to +150 
°e 


Operating Junction Temperature 
TJ 
150 
°e 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage (Pin 10) 
Vee 
+4.5 to +5.5 
Vdc 


Power Supply Voltage (pin 15) 
Vaa 
+10.8 to +26.4 
Vdc 


Operating Ambient 
Temperature 
Range 
TA 
o to +70 
°e 


ELECTRICAL CHARACTERISTICS 
(TA =Oto+70oe, 
Vee= 4.5 to 5.5 V, Vaa= 
10.8 to 26.4 V unless otherwise 
noted. Typicalsgiven 
for VCC = 5.0 V, Vas 
= 12 V and TA = 25°C 
unless otherwise 
noted.) 


Characteristics 


Power Supply Current - 
VCC 
Ice 
- 
22 
50 
mA 


Vaa 
laa 
- 
15 
30 


High Level Input Voltage 
4,8,9 
VIH 
2.0 
- 
- 
V 
(Vee = 4.5 V) 


Low Level Input Voltage 
4,8,9 
VIL 
- 
- 
0.8 
V 
(Vee = 5.5 V) 


Input Clamp Voltage 
4,5,8,9 
VIK 
- 
-0.87 
-1.5 
V 
(11K= -12 
mAl 


Positive Threshold 
5 
VT(+) 
1.5 
1.75 
2.0 
V 


(Vee = 5.01 


Negative Threshold 
5 
VT(_) 
0.7 
0.98 
1.3 
V 
(Vee = 5.0) 


Hysteresis 
(VT(+) - VT(-)I 
VHTS 
V 
TA = OoC to +70°C 
0.2 
- 
- 
TA = 25°C 
0.4 
0.76 
- 


High Level Input Current 
4,5, 
a, 9 
IIH 
- 
0.1 
40 
"A 


(Vee = 5.5 V, Vaa = 26.4 V, VI = 2.4 V) 


Low Level Input Current 
4,5,8,9 
IlL 
mA 


(Vee = 5.5 V, Vaa = 26.4 V, TA = 25°C unless 
noted below) 
- 
- 
-1.6 
Vaa= 
12 V 
4 
- 
0.36 
- 
Vaa = 24 V 
4 
- 
0.76 
- 


Vee = 5.0 V 
5 
- 
0.46 
- 


Vee= 
5.0V 
8,9 
- 
0.39 
- 


II 


II 


ELECTRICAL CHARACTERISTICS 
(continuedl(TA 
= 0 to+70°C. 
VCC= 4.5 to 5.5 V. VBB = 1O.B to 26.4 V unless otherwise 
noted. 


Typicals given for VCC; 
5.0 V, VSS = 12 V and TA = 25°C 
unless otherwise 
noted.) 


Characteristics 
Symbol 


CENTER-TAP 
and ERASE 
OUTPUTS 


Output 
High Voltage 
ISee Figure 91 
14.16 
VOH 
V 
(IOH = -100 
mA. VCC = 4.5 VI 
VBB = 10.B to 26.4 V 
VBB-l.5 
VBB-l.0 
- 


Output 
Low Voltage 
(See Figure 9) 
14.16 
VOL 
mV 
(IOL = 1.0 mAl 
VBB = 12 V 
- 
70 
150 
VBB = 24 V 
- 
70 
150 


Output 
High Leakage 
11.13 
IOH 
- 
0.01 
100 
~A 
(VOH = 24 V. VCC = 4.5 V. VBB = 24 VI 


Output 
Low Voltage 
(See Figure 10) 
11.13 
VOL 
V 
(IOL = 90 mA. VCC = 4.5 VI 


VBB = 12 V 
- 
0.27 
0.60 
VBB = 24 V 
- 
0.27 
0.60 


Reference 
Voltage 
1 
Vref 
- 
5.7 
- 
V 


Degauss Voltage 
(See Text) 
1 
VOEG 
- 
1.0 
- 
V 
(Voltage 
Pin 1 - Voltage 
Pin 2) 


Bias Voltage 
2 
VF 
- 
0.7 
- 
V 


Write 
Current 
Off Leakage 
6.7 
IOH 
- 
0.03 
15 
~A 


(VOH = 35 V) 


Saturation 
Voltage 
6.7 
Vsat 
- 
0.85 
2.7 
V 
(VBB = 12 V) 


Current 
Sink Compliance 
6.7 
61/RW2.1 
- 
15 
40 
~A 
(For V6. 7 = 4.0 V to 24 V. VWG = O.B V) 


Average 
Value 
Write 
Current 
6.7 


IIPin 6 + IPin 7) 
( 
2 
for VBB = 10.8 to 26.4 VI 


@IR/W=ILOW.R=10k 
IR/WILI 
mA 


TA = 25°C 
2.91 
3.0 
3.09 


TA = 0 to +70oC 
2.B4 
- 
3.16 
@ IR/W 
= ILOW. R = 5.0 k 


TA = 25°C 
5.64 
5.B9 
6.14 


TA = 0 to +70oC 
5.51 
- 
6.2B 
@ IR/W= 
IHI. R = 10 k (IHI = ILOW + % ILOW) 
..IIR/WIHI 
% 


TA = 25°C 
31.3 
33.3 
35.5 


TA = 0 to +70°C 
30.3 
33.3 
36.6 


Difference 
in Write 
Current 
6.7 
o IPin 6 - IPin 71 
@ IR/W 
= ILOW. VBB = 1O.B V to 26.4 VI 
IR/W..I 
mA 


R = 10 k 


TA = 25°C 
- 
0.003 
0.015 


TA = 0 to +70°C 
- 
- 
0.023 


R = 5.0 k 


TA = 25°C 
- 
- 
0.030 


TA = 0 to +70oC 
- 
- 
0.046 


AC SWITCHING CHARACTERISTICS 
(VCC= 5.0V. TA = 25°C. Vaa = 24 V.IRWS=0.4 
and IR/W= 
3.0 mA unless otherwise 
noted 
- 
refer to Figure 2 and Figure 11.) 


Characteristics (Note' I 
fin (Note 3) 
Min 
Typ 
Max 
Unit 


1. Delay from Head Select going low through 
0.8 V to CTO 
HS. Pin 9 
- 
1.6 
4.0 
~s 
going high through 
20 V. 


2. Delay from Head Select going low through 
0.8 V to cn 
HS. Pin 9 
- 
2.1 
4.0 
~s 
going low through 
1.0 V. 


3. Delay from Head Select going high through 
2.4 V to eTa 
HS. Pin 9 
- 
1.7 
4.0 
~s 
going low through 
1.0 V. 


4. 
Delay from 
Head Select going high through 
2.4 V to ell 
HS. Pin 9 
- 
1.4 
40 
~s 
going high through 
20 V. 


5. Delay from WG going low through 
0.8 V to eTa 
WG. Pin4 
- 
1.3 
4.0 
~s 
going low through 
1.0 V. 


6. Delay from WG going low through 
0.8 V to cn 
WG. Pin4 
- 
0.8 
4.0 
~s 
going high through 
20 V. 


7. Delay from WG going low through 
0.8 V to CTO 
WG. Pin4 
- 
0.75 
4.0 
~s 
going high through 
20 V. 


8. Delay from WG going low through 
0.8 V to Cll 
WG. Pin4 
- 
1.2 
4.0 
~s 
going low through 
1.0 V. 


9. After WG goes high. delay from R/Wl 
turning 
off 
WG. Pin4 
20 
750 
- 
ns 
through 
10% to CTOgoing high through 
20 V. 


10. After W(j 
goes high, delay from R/Wl 
turning 
off 
WG. Pin4 
20 
1200 
- 
ns 
through 
10% to cn going low through 
1.0 V. 


11. After WG goes high, delay from R/W2 
turning 
off 
WG. Pin4 
20 
1200 
- 
ns 
through 
10% to eTa going low through 
1.0 V. 


12. After WG goes high, delay from R/W2 
turning 
off 
WG. Pin 4 
20 
600 
- 
ns 
through' 
0% to ell going high through 20 V. 


13. Delay from WG going'low 
through 
0.8 V to EO 
WG. Pin4 
- 
0.085 
4.0 
~s 
going low through 
1.0 V. 


14. 
Delay from WG going low through 
0.8 V to El 
WG. Pin4 
- 
0.085 
4.0 
~s 
going low through 
1.0 V. 


15. 
Delay from WG going high through 
2.0 V to EO 
WG. Pin 4 
- 
0.7 
4.0 
~s 
going high through 
23 V. 


16. 
Delay from WG going high through 
2.0 V to El 
WG. Pin4 
- 
0.7 
4.0 
~s 
going high through 
23 V. 


17. After WG goes low. delay from CTOgoing low through 
WG. Pin4 
20 
750 
- 
ns 


1.0 V to R/Wl 
turning 
on through 
10%. 


18. After WG goes low. delay from CTl going low through 
WG. Pin4 
20 
750 
- 
ns 


1.0 V to R/W2 
turning 
on through 
10%. 


19. Alter WG goes low. fall time (10% to 90%) of R/Wl. 
WG. Pin 4 
- 
5.0 
200 
ns 


20. 
After WG goes low. fall time (10% to 90%) of R/W2. 
WG. Pin4 
- 
5.0 
200 
ns 


21 
Setup time. Head Select going low before 
WG. Pin4 
4.0 
- 
- 
~s 
WG going low. 


22. 
Write 
Data low Hold Time 
WD. Pin 5 
200 
- 
- 
ns 


23. Write 
Data high Hold Time 
WD. Pin 5 
500 
- 
- 
ns 


24. 
Delay from WG going high through 
2.0 V 
WG. Pin4 
- 
3.9 
- 
~s 
to R/W 
1 turning 
off through 
10% of on value. 


Pin 
fin 
Amplitude 
Duty 
Cycle 


HS, Pin 9 
50 kHz 
0.4 to 2.4 V 
50% 


WG, 
Pin4 
50 kHz 
0.4 to 2.4 V 
50% 


WD, 
Pin 5 
1.0 MHz 
0.2 
to 2.4 V 
50% 


Ch.r.cteristics 
(Note 3) 
Min 
Typ 
Max 
Unit 


1. Delay from Write 
Data going low through 
0.9 V to R/W1 
- 
85 
- 
ns 
turning 
on through 
50%. 


2. Delay skew. difference 
of R/W1 
turning 
off and R/W2 
- 
1.0 
±40 
ns 
turning 
on through 
50% after Write 
Data going low 
through 
0.9 V. 


3. Delay from Write 
Data going low through 
0.9 V to R/W1 
- 
80 
- 
ns 
turning 
off through 
50%. 


4. 
Delay skew, difference 
of R/W1 
turning 
on and R/W2 
- 
1.0 
±40 
ns 
turning 
off 50% after Write 
Data going low 
through 
0.9 V. 


5. Rise time, 10% to 90%, of R/W1 
- 
1.7 
200 
ns 


6. Rise time, 10% to 90%, of R/W2 
- 
1.7 
200 
ns 


7. Fall time, 90% to 10%, of R/Wl 
- 
12 
200 
ns 


8. Fall time, 90% to 10%, of R/W2 
- 
12 
200 
ns 


Name 
Symbol 
Pin 
Description 


Head Select 
HS 
9 
Head Select input selects between 
the head I/O pins: center-tap, 
erase, and read/write. 
A HIGH 


selects 
Head 0 and a LOW selects 
Head 1. 


Write 
Gate 
WG 
4 
Write 
Gate input selects the mode of operation. 
HIGH selects the read mode, while 
LOW selects 
the Write 
Control 
mode and forces the write 
current. 


Write 
Data 
WO 
5 
Write 
Data input controls 
the turn on/off 
of the write current. 
The internal 
divide-by-twoflip-flop 
toggles on the negative 
going edge of this input to direct 
the current 
alternately 
to the two 
halves of the head coils. 


IRW Select 
IRWS 
8 
IRW Select input selects the amount 
of write current 
to be used. When LOW, the current 
equals 
the value found in Figure 5, according 
to the external 
resistor. 
When HIGH, the current 
equals 
the low current 
+ 33%. 


Vref 
Vref 
1 
A resistor 
between 
these pins sets the write current. 
Laser trimming 
reliably 
produces 
3 mA of 


Iref 
Iref 
2 
current 
for a 10k resistor. 
A capacitor 
from Vref to Gnd will adjust the Degauss period. 


Center-tap 
0 
CTO 
14 
Center-tap 
0 output is connected 
to the center tap of Head O. It will be pulled to Gnd orVSS (+12 or 


+24) depending 
on mode and head selection. 


Erase a 
EO 
13 
Erase a will be LOW for writing 
on Head 0, a nd floating 
for other conditions. 


Center-tap 
1 
cn 
16 
Center-tap 
1 output is connected 
to the center tap of Head 1 It will be pulled to GndorVB8(+1 
20r 
+24) depending 
on mode and head selection. 


Erase 1 
E1 
11 
Erase 1 will be LOW for writing 
on Head 1, and floating 
for other conditions. 


R/W2 
R/W2 
6 
R/W2 
input is one of the differential 
inputs that sinks current 
during 
writing, 
being the opposite 
phase of R/W1. 
It will be connected 
to one side of the heads. 


R/W1 
R/W1 
7 
R/W1 
input is one of the differential 
inputs that sinks current 
during writing, 
being the opposite 
phase of R/W2. 
It will be connected 
to one side of the heads. 


VCC 
10 
+5 V Power 


V88 
15 
+12 V or + 24 V Power 


Gnd 
12 
Coil grounds 


Gnd 
3 
Reference 
and logic ground 


Head 
Select 
9 


VBB 
VCC 
15 
10 
1 
1 


eTIl 


en 


Ej 13 


@ 
Ei 11 


R/Wl 
7 


R/W2 
6 


Vref 
(5.0V 
Nom.) 
VPin 1 - VPin 2 
(Ref. 
Voltage 
121) 


II 


Write 
Data 


2.4 V 


0.9 V---- 
0.2 V 


R/W1 
7 
® 
j ~(j) 


10% 
50% 
90% 
®l!= 
~@ 
R/W2 
6 
r 
y® 
10% 
50% 


90% 
::!-® 
-t@ 


The MC3469Pserves as a complete interface between 
the Write Control functional signals (Head Select, Write 
Data, Write Gate and inner track compensation, IRWSI 


and 
the 
head 
itself. 
A typical 
configuration 
is shown 
in 


Figure 
4. L(s 
are 
erase 
coils. 


WRITE CURRENT SELECTION 


Although the MC3469P has been specified for 3.0 mA 


write 
current 
(with 
a 10 kO external 
resistor). 
a range 
of 


write 
current 
values 
can be chosen 
by varying 
Rext 
using 


the 
plot in Figure 
5. This current 
can also be derived 
uSing 


the relationship IWrite (mAl; 
-R 30 
ext(kO) 


IRef, the current flowing 
in Rext (required only for dis- 
sipation 
calculations) 
can be worst case using the fact 


that the differential 
voltage between Pins 1 and 2 (VRef) 


shown in Figure 3 never exceeds 5,0 volts, With a low 
value of Rext = 1,0 kfl, PD = 25 mW, 


WRITE CURRENT DAMPING 


Referring 
to Figure 
4, reSistors 
RD are 
used 
to dampen 


any 
ringing 
that 
results 
from 
applying 
the 
relatively 
fast 


nsetlme 
write 
current 
pulse 
to the 
Inductive 
head 
load 


Values 
chosen 
will 
be a funclton 
of head 
characteristics 


and 
the 
desired 
damping 
Rp serves 
as a common 
pullup 
resistor to the head supply VBB 


Head 
;< 


1 
.s 


Head j 


0 
c! 
i 
i3 
'=;: 


0, 


~ 


'" 


"'- 


~ 
"'-. 


~ 


2,0 
3,0 
5,0 
),0 
10 
20 
° 


DEGAUSS 
PERIOD 
Degauss of the read/write 
head can be accomplished 
at the end of each write operation by attaching a capacitor 
from pin 1 to ground. The timing relationship that results 
is shown in Figure 7. Asimplified 
diagram of this function 
is shown in Figure 6. 
While WG is low, the selected write current flows into 
pin 6 or pin 7 (R/W1 or R/W2) and is mirrored through the 
external resistor, Rext. The degauss capacitor, COG,will 
be charged to approximately 
5.7 volts. After WG goes 
high, the voltage on COG begins to decay toward 0.7 V. 
When the voltage reaches the comparator threshold of 
1.7 V, the comparator output triggers the internal logic 
to completely turn off the write current. At this point, the 
pulse amplitude on the R/W1 and R/W2 pins has returned 
to 10% of its maximum value. 


Figure 7, Degauss Period shows the relationship 
be- 


FIGURE6 - 
SIMPLIFIEDDEGAUSSCIRCUIT 


VBB 


tween COG and Degauss Period for Rext = 10 kO. This 
period is equal to the exponential delay time for the volt- 
age as mentioned plus some internal delay times. 


POWER-UP WRITE CURRENT CONTROL 
During 
power-up, 
under 
certain 
conditions 
(VBB 
comes up first while WG is low), there can be a write 
current transient 
on Pins 6 and 7 (R1W1 and R1W2)of 
sufficient 
magnitude 
to cause writing 
to occur if the 
head is loaded. 
This transient can be eliminated by placing a capacitor 
from Pin 2 to ground. This also delays the write current 
when WG goes low and this delay must be accounted 
for when the capacitor on Pin 2 is used. The delay is 3.0 


IJS for a 2700 pF capacitor, and Rext = 10 kO. Values 
up to 7000 pF may be used. 


FIGURE7 - 
DEGAUSSPERIODversus 
CAPACITANCE(COG) 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


u 
Z 
~ 
400 
u~~ 


10 
20 


OEGAUSS 
PERIOO (~s) 


1 
Rextrr=:l 


2700PF~ 


5.0% I 


• 


II 


Measure 
Set 


VT 
51 
52 
53 
V4· 
Vg· 


0.8 
2.0 
VOH IP14) 
On 
Off 
P14 


2.0 
08 


2.0 
2.0 
VOH IP16) 
On 
Off 
P16 


0.8 
0.8 


0.8 
0.8 
VOL IP14) 
Off 
On 
P14 
2.0 
2.0 


VOL (P16) 


2.0 
0.8 
Off 
On 
P16 


0.8 
2.0 


Measure 
Set 


VT 
51 
V8,9 


VOL (Pl') 
P11 
0.8V 


VOL (P13) 
P13 
2.0 V 


15 


VB8 
0"1110 


~F ~ 
~ 
~F 


Notes 


Diodes 
Type 
1 N4934 


Resistors 
(unless 
otherwise 
noted) 
are 1/4 
W. 5%. 


ERASE 
CURRENT 


The value of RE,the erase current set resistor, is found 
by referring to Figure 12 and selecting the desired erase 


current. 


Looking at the simplified erase current path in Figure 12, 


when writing, 
eTO will be high (VOHlmin)= 21 V) and EO 
will be 10w(VOLlmax)= 0.6 V). If the erase coil resistance 
is 100 
and 40 mA of erase current is desired, then: 


20.4 V 
RE= 
0.04A 
-100= 
5000 


FIGURE 
12 - 
ERASE 
CURRENT 
(RE Selection) 


13 
RE 
EO 


Erase 


MC3469 
Coli 


CTO 
14 


This gives the minimum value REfor worst case VOH/VOL 
conditions. It is also recommended that a diode be used as 
required for inductive back emf suppression. 


MC3470 
r--------, 
: 
0: 
Digital 


1 
_ 
_ 
_ 
-to Read Data 


I 
I 
l 
I 
(out) 
I 
I 
L 
J 


Read Amp 
See Data Sheet 


I 
I 
I 
I 
I 
I 
I 
Il { 


r------., 
I 
From 
II 


I Head Select 
I 
1 
Logic 
: 
L 
-.J 
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Specifications 
and Applications 
Information 


The MC3470 is a monolithic READAmplifier System for obtaining 
digital information 
from floppy disk storage. It is designed to accept 
the differential 
ac signal produced by the magnetic head and pro- 
duce adigital output pulse that corresponds to each peak of the input 
signal. The gain stage amplifies the input waveform and applies it 
to an external filter network, enabling the active differentiator 
and 
time domain filter to produce the desired output. 


• 
Combines All the Active CircuitryTo Perform the Floppy Disk Read 
Amplifier 
Function in One Circuit 


• 
Guaranteed Maximum Peak Shift of 2.0% - 
MC3470A 


• 
Improved (Positive) Gain TC and Tolerance 


• 
Improved Input Common Mode 


MC3470P 
MC3470AIP 


FLOPPY DISK 
READ AMPLIFIER 
SYSTEM 


,- 
1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 707-02 


{ 


3 
Off58t 


Decoupling 
4 


17} Amplifier 


Outputs 


'S}A'U.' 
Differentialar 


4 
Inputs 


3 } Differentiator 


Components 
2 


One-Shot 
ComponenlS 


Mono 
111 


{ 


8 
One-Shol 


Components 
Mono 112 
9 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage (Pin 11) 
VCCl 
7.0 
Vdc 


Power Supply Voltage (Pin 18) 
VCC2 
16 
Vdc 


Input Voltage 
(Pins 1 and 2) 
VI 
-0.2 to +7.0 
Vdc 


Output 
Voltage (Pin 10) 
Va 
-0.2 to +7.0 
Vdc 


Operating 
Ambient 
Temperature 
TA 
o to +70 
°C 


Storage 
Temperature 
Tstg 
-65 to +150 
°C 


Operating 
Junction 
Temperature 
TJ 
150 
°C 


Plastic Package 


-- 


Rating 
Symbol 
Value 
Unit 


Power 
Supply Voltage 
VCC 
VCCl 
+ 4.75 to +5.25 
Vdc 
VCC2 +10to+14 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +70 
°C 


Characteristic 
Figure 
Symbol 
Min 
Typ 
Max 
Unit 


Differential 
Voltage 
Gain 
MC3470 
2 
AVD 
80 
100 
130 
V/V 


(I = 200 kHz, ViD = 5.0 mV(RMS) 
MC3470A 
100 
110 
130 


Input Bias Current 
3 
lIB 
- 
-10 
-25 
I'A 


Input Common 
Mode Range Linear 
Operation 
viCM 
-0.1 
- 
1.5 
V 
(5% max THD) 


Differential 
Input Voltage 
Linear Operation 
viD 
- 
- 
25 
mVp-p 


(5% max THD) 


Output 
Voltage 
Swing 
Differential 
2 
voD 
3.0 
4.0 
- 
Vp-p 


Output 
Source Current. 
Toggled 
10 
- 
8.0 
- 
mA 


Output 
Sink Current. 
Pins 16 and 17 
4 
10S 
2.8 
4.0 
- 
mA 


Small Signal Input Resistance 
(TA - 25°C) 
ri 
100 
250 
- 
kn 


Small 
Signal Output 
Resistance. 
Single-Ended 
ro 
- 
15 
- 
n 
(TA = 25°C, VCCl = 5.0 V, VCC2 = 12 V) 


Bandwidth, 
-3.0 dB (ViD = 2.0 mVIRMS), TA = 25°C 
2,17 
BW 
10 
- 
- 
MHz 


VCCl = 5.0 V, VCC2 = 12 V) 


Common 
Mode Rejection 
Ratio (TA::: 25°C. 
f::: 100kHz. 
5 
CMRR 
50 
- 
- 
dB 
AVD = 40 dB, vin = 200 mVp-p, VCCl = 5.0 V, 
VCC2 = 12 V) 


VCCl 
Supply Rejection 
Ratio (TA = 25°C, VCC2 = 12 V, 
- 
50 
- 
- 
dB 
4.75';; 
VCCl 
,;; 5.25 V, AVD = 40 dB) 


VCC2 Supply Rejection 
Ratio (TA = 25°C, VCC1 = 5.0 V, 
- 
60 
- 
- 
dB 
10 V';; VCC2 ,;; 14 V, AVD = 40 d8) 


Differential 
Output 
Offset (TA :::25°C, 
vi D::: vin :::0 V) 
VDO 
- 
- 
0.4 
V 


Common 
Mode Output 
Offset (viD::: Vin::: 0 V. 
VCO 
- 
3.0 
- 
V 


Differential 
and Common 
Mode) 


Differential 
Noise Voltage 
Referred 
to Input 
22 
en 
- 
15 
- 
I'V(RM5) 
(BW = 10Hz to 1.0 MHz, TA = 25°C) 


Supply Currents 
1 
mA 
(VCC1 = 5.25 '!, 51 to Pin 12 or Pin 13) 
ICCl 
- 
40 
- 
(VCC2 = 14 V) 
ICC2 
- 
4.8 
- 


• 


ELECTRICAL CHARACTERISTICS 
(continuedIlTA: 
Oto+70°C, 
VCCl :4.75to 
5.25 V, VCC2: 
1Oto 14 V unless otherwise 
noted) 


Characteristic 
Typ 
Max 
Unit 


ACTIVE 
DIFFERENTIATOR 
SECTION 


Differentiator 
Output Sink Current, Pins 12 and 13 
6 
100 
1.0 
1.4 
- 
mA 


(YOO: 
VCC1 I 


Peak Shift If: 
250 kHz, vi 0: 
1.0 Vp-p, icap: 
500 ~A, 
7,8 
PS 
I 
% 


where 
PS: 
112 tpS1-lpS2 
x 100%, 


MC3470 
5.0 
tpS1 + tpS2 
- 
- 


VCC1 : 5.0 V, VCC2 : 12 VI 
MC3470A 
- 
- 
2.0 


Differentiator 
Input Resistance, 
Differential 
riD 
- 
30 
- 
kO 


Differentiator 
Output 
Resistance. 
Differential 
roO 
- 
40 
- 
0 
ITA: 
25°C) 


Output Voltage High Logic Level, Pin 10 IVCC1 : 4.75 V, 
9 
VOH 
2.7 
- 
- 
V 
VCC2 : 12 V, 10H : -0.4 
mAl 


Output Voltage Low Logic Level, Pin 10 IVCC1 : 4.75 V, 
10 
VOL 
- 
- 
0.5 
V 
VCC2: 
12 V, 10L : 8.0 mAl 


Output 
Rise Time. Pin 10 
11.12 
tTLH 
- 
- 
20 
ns 


Output Fall Time. Pin 10 
11,12 
tTHL 
- 
- 
25 
ns 


Timing Range Mono #1 111Aand" 
BI 
13 
tlA, 
B 
500 
- 
4000 
ns 


Timing Accuracy Mono #1 
12.13 
Etl 
85 
- 
115 
% 


111: 1.0 ~s: 
0.625 
R1C1 + 200 nsl 
IR1 : 6.4 kO. C1 : 200 pFI 


Accuracy 
guaranteed 
for R1 in the range 
1.5 kO';; 
Rl .;; 10 kO and Cl in the range 
150pF';;C1';;680pF. 


Note: To minimize current transients. 
C1 should 
be kept as small as is convenient. 


Timing Range Mono #2 
11,12 
12 
150 
- 
1000 
ns 


Timing 
Accuracy 
Mono #2 
12.13 
Et2 
85 
- 
115 
% 
(t2: 
200 ns: 
0.625 
R2C2) 
(R2: 
1.6 kO, C2 : 200 pF) 


Accuracy 
guaranteed 
for 1.5 kfl ~ R2 ~ 
10 kfl. 


100 pF';; C2';; 
800 pF 


Active 
Differentiator 


and 


Peak 


Detector 


VCC1 


5 1 
1 
11 
• 


FIGURE 
1 - 
POWER SUPPLY CURRENTS, 


ICCl AND ICC2 


'8 
A 
VCC2 
-- 
17 
ICC2 


16 


4 
15 


14 


6 
'3 
5, 
200 
pF 
12 


200 
8 
11 
VCCl 


pF 
--- 
9 
'0 
tecl 


1.6 k 


6.4 k 


IIBl--- 
18 


A 


17 


3 
'6 


4 
'5 


14 


6 
'3 
200 
pF 


12 


11 


200 
pF 
9 
10 


1.6 k 


6.4 
k 


'8 
VCC2 


vin 
17 
"'017 


3 
'6 
"'016 


4 
15 
"'016 
- 
'11017 


AV' 
vin 
14 


'3 


200 
pF 


'2 


11 
VCCl 
200 
pF 
9 
10 


1.6 k 


6.4 k 


'8 


17 


3 
'6 


4 
'5 


14 


6 
'3 
200 
pF 


'2 


11 


10 


'.6 k 


6.4 k 


18 
VCC2 


17 
vo17 


16 
vo16 


15 
vo16 
- vo17 
CMRR:: 
20 10910 
100 vin 
14 
f-1QOkHz 


13 
vin:: 
200 
mVpp 


200 
pF 


12 


11 
VCCl 


10 


NOTE: 
Measurements 
may 
be made 
with 
vector 
voltmeter 
hp 


84Q5A 
or 
equivalent 
at 
1.0 MHz 
to 
guarantee 
100 kHz 


performance. 


18 
VCC2 


17 


16 


15 


Vout 


Pin 10 


14 
1.5 V 


f::250kHz 
1 


13 
~ 
"~'"" 
12 
1 k 
51 
_ 
11 
VCCl 
_ 
- 


10 


R2 


1.6 k 


2.4 k 
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FIGURE 8 - PEAK SHIFT, PS 


Vin 
= 1.0 Vpp 
f = 250 kHz 


Test 
schematic 
on 
Figure 
7 • 
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FIGURE 11 - DATA OUTPUT RISE TIME. tTLH 


DATA OUTPUT FALL TIME, tTHL 


TIMING ACCURACY MONO #2, Et2 
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17 
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1.6 
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R1 


6.4 k 


O·'F~F 
vin 
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51 
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- 


FIGURE 13 - TIMING 
ACCURACY 
MONO #1, Ell 


tTLH 
= tTHL 
< 10 ns 
f = 250 
kHz 
50% DutY Cycle 


Test Schematic 
on Figure 
12 


FIGURE 14 - AMPLIFIER 
OFFSET OECOUPLING 
IMPEOANCE, PINS 3 ANO 4 
Ae + re and AV 
with 
Rext = 500 n 
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FIGURE 
15 - 
NORMALIZEO 
POWER SUPPLY CURRENT 
lICC/ICC 
25°C I vo"us 
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The 
MC3470 
is designed 
to 
accept 
a differential 
ac 


input 
from 
the magnetic 
head 
of a floppy 
disk drive 
and 
produce 
a digital 
output 
pulse 
that 
corresponds 
to each 
peak 
of the 
ac input. 
The 
gain stage 
amplifies 
the 
input 
waveform 
and applies 
it to a filter 
network 
(Figure 
23a). 


enabling 
the 
active 
differentiator 
and 
time 
domain 
filter 
to produce 
the desired 
output. 


FILTER 
CONSIDERATIONS 
The 
filter 
is used 
to 
reduce 
any high frequency 
noise 
present 
on 
the 
desired 
signal. 
Its characteristics 
are 
die· 
tated 
by the 
floppy 
disk 
system 
parameters 
as well as the 
coupling 
requirements 
of the 
MC3470. 
The 
filter 
design 
parameters 
are 
affected 
by the 
read 
head 
characteristics, 
maximum 
and 
minimum 
slew 
rates, 
system 
tran_sient 
response, 
system 
delay 
distortion, 
filter 
center 
frequency, 


and 
other 
system 
parameters. 
This design 
criteria 
varies 
between 
manufacturers; 
consequently, 
the 
filter 
can· 
figuration 
also 
varies. 
The 
coupling 
requirements 
of the 
MC3470 
are 
a result 
of the 
output 
structure 
of the 
gain 
stage 
and 
the 
input 
structure 
of the 
differentiator, 
and 
must 
be adhered 
to regardless 
of the filter 
configuration. 
The 
differentiator 
has an 
internal 
biasing 
network 
on 
each 
input. 
Therefore, 
any 
de 
voltage 
applied 
to 
these 
inputs 
will 
perturbate 
the 
bias 
level. 
Disturbing 
the 
bias 
level does 
not 
affect 
the 
waveform 
at the 
differentiator 
inputs, 
but it does cause peak shifting 
in the digital 
output 
(Pin 
10). Since 
the 
output 
of the 
gain stage has an associ- 


ated 
de voltage 
level, 
it, as well as any biasing 
introduced 
in the 
filter, 
must 
be isolated 
from 
the differentiator 
via 


series blocking 
capacitors. 
The transient 
response 
is mini- 
mized 
if 
the 
blocking 
capacitors 
C and 
C' 
are 
placed 
before 
the 
filter 
as shown 
in Figure 
23a. The charging 
and 
discharging 
of C and C' is controlled 
by the filter 
termina- 
tion 
resistor 
instead 
of the 
high 
input 
impedance 
of the 
differentiator. 
The 
filter 
design 
must 
also include 
the current-sinking 
capacity 
of the 
amplifier 
output. 
The 
current 
source 
in 
the 
output 
structure 
(see 
circuit 
schematic 
- 
Pins 16 
and 
17) is guaranteed 
to 'sink 
a current 
of 2.8 mA. If the 
current 
requirement 
of the filter 
exceeds 
2.8 mA, the cur- 
rent 
source 
will 
saturate, 
the 
output 
waveform 
will 
be 
distorted, 
and 
inaccurate 
peak 
detection 
will 
occur 
in 
the 
differentiator. 
Therefore, 
the total 
impedance 
of the 


filter 
must 
be greater 
than 
Zmin as calculated 
from 


Z 
. 
_ (EpAVD) 
max 
mln - 
2.8 mA 


where 
Ep 
is the 
peak 
differential 
input 
voltage 
to 
the 


MC3470. 


TRANSIENT 
RESPONSE 
The worst-case 
transient 
response 
of the read channel 
occurs 
when 
de switching 
at the amplifier 
input 
causes 
its 
output 
to 
be toggled. 
The 
de voltage 
changes 
are a con- 
sequence 
of diode switching 
that takes place when control 


is transferred 
from 
the write 
channel 
to the read channel. 
If the 
diode 
network 
is balanced, 
the 
de change 
is a 
common 
mode 
input 
voltage 
to the amplifier. 
The switch· 


ing of an unbalanced 
diode 
network 
creates 
a differential 
input 
voltage 
and a corresponding 
amplified 
swing 
in the 
outputs. 
The 
output 
swing 
will 
charge 
the 
blocking 
capacitor 
resulting 
in peak 
shifting 
in the 
digital 
output 


until 
the transient 
has decayed. 
EIiminating 
the differential 
de changes 
at the 
amplifier 
input 
by matching 
the diode 
network 
or by coupling 
the 
read head to the amplifier 
via 
FET 
switches, 
as shown 
in Figure 
23b, 
will minimize 
the 


filter 
transient 
response. 


Two 
of the 
advantages 
FET 
switches 
have over diode 
switching 
are: 


1. They 
isolate 
the 
read 
channel 
from 
de 
voltage 


changes 
in 
the 
system: 
therefore, 
the 
transient 
response 
of the filter 
does 
not 
influence 
the system 
transient 
response. 
2. The 
low 
voltage 
drop 
across 
the 
FETs 
keeps 
the 
input 
signal 
below 
the 
amplifier's 
internal 
clamp 
voltage; 
whereas, 
the voltage 
dropped 
across a diode 
switching 
network 
adds 
a de bias to the input 
signal 
which 
may exceed 
the clamp 
voltage. 


AMPLIFIER 
GAIN 
For 
some 
floppy 
systems, 
it may 
become 
necessary 


to 
either 
reduce 
the 
gain 
of 
the 
amplifier 
or reduce 
the 


• 


II 


signal 
at the 
input 
to 
avoid 
exceeding 
the 
output 
swing 


capability 
of the amplifier. 
The 
voltage 
gain of the ampli- 
fier 
can 
be 
reduced 
by 
putting 
a resistor 
in series 
with 
the 
capacitor 
between 
Pins 
3 and 
4 
(Figure 
14). 
The 
relationship 
between 
the 
gain and the external 
resistor 
is 
given by 


2 (re + Rel 


AVR 
= Ava' 
2 (re + Rel + Rext 


where 
AVa ii voltage 
gain with the external 
resistor 
= 0, 


AVR ii voltage 
gain with the external 
resistor 
in, 


Rext ii the external 
resistor, 
and 


re + Re ii the resistance 
looking 
into 
Pin 3 or Pin 4. 


( 
AVa 
) 
Rext = 2 
-- 
- 1 
(re + Re). 
AVR 


A 
plot 
of 
(re + Re) versus 
temperature 
is shown 
in 
Figure 
21. 
Figure 
20 shows 
the 
normalized 
voltage 
gain 
versus 
temperature 
with 
the 
external 
resistor 
equal 
to 
500 ohms. 


ACTIVE 
OIFFERENTIATOR 


The 
active 
differentiator 
in the 
MC3470 
(simplified 
circuit 
shown 
in Figure 
24), 
is implemented 
by coupling 


the 
emitters 
of a differential 
amplifier 
with 
a capacitor 
resulting 
in a collector 
current 
that 
will be the derivative 
of the input 
voltage, 


If the 
output 
voltage 
is taken 
across 
a resistor 
through 
which 
the 
collector 
current 
is flowing, 
the 
resulting 
volt- 


age will be the derivative 
of the input 
voltage. 


Vo = 2Ric 
= 2RCdvin(t) 
dt 
Vo is applied 
to a comparator 
which 
will provide 
zero 


crossing 
detection 
of 
the 
current 
waveform. 
Since 
the 
capacitor 
shifts 
the 
current 
900 
from 
the 
input 
voltage, 
the 
comparator 
performs 
peak 
detection 
of 
the 
input 
voltage. 
The 
following 
terms 
will 
be used 
in determining 
the 


value of C to be used in the differentiator: 


Ep ii peak 
differential 
voltage 
applied 
to 
MC3470 
amplifier 
input. 


Ep sin wt ii voltage 
waveform 
appl ied 
to 
MC3470 
amplifier 
input 
(for 
purposes 
of discussion, 
assume a sine wave), 


AVO ii differential 
voltage 
gain of input 
amplifier. 


Vin{t) ii differential 
voltage 
waveform 
applied 
to 
the 


differentiator 
inputs. 


= EpAvosinwt 
(Note: 
The 
filter 
is assumed 
to 
be loss less.) 


ic{t) ii current 
through 
capacitor 
CD. 


RO ii output 
resistance 
of 
Q1 
(Q2) 
at 
Pin 
12 
(13). 


If vin(t) 
= EpAVO sin wt, then 
the 
current 
through 
the 
capacitor 
Co is given by 


ic!t) = COAVOEpwcoswt 


and Volt) 
= 2RCCoAvoEpwcoswt. 


Accurate 
zero 
crossing 
detection 
of 
Volt) 
[peak 
detection 
of 
Vin{t) I occurs 
when 
the 
current 
waveform 


ic(t) 
crosses 
through 
zero 
in a minimum 
amount 
of time. 
This 
condition 
is satisfied 
by 
maximizing 
current 
slew 
rate. 
For a given value of w, 
the maximum 
slew rate 
occurs for the maximum value of ic or coswt 
= 1. There- 
fore, 


ic = COAVO Epw 


The 
MC3470 
current-sourcing 
capacity 
will determine 
the maximum value ic; therefore, Co must be chosen such 


that 
the 
maximum 
ic occurs 
at the 
maximum 
AVOEpw 
product. 
Co = 
ic_m_a_x 
__ 
(AVOEpw)max 


1 mA 


(120)(Epw)max 


If 
the 
peak 
value 
specified 
for 
ic is exceeded, 
the 
current 
source 
(10 in Figure 
24) will saturate 
and distort 
the 
waveform 
at 
Pins 
12 
and 
13. 
Consequently, 
the 
differentiator 
will 
not 
accurately 
locate 
the 
peaks 
and 
peak shifting 
will occur 
in the digital 
output. 
The 
effective 
output 
resistance 
RO 
of Q1 
(Q2) 
will 
create 
a pole 
(as shown 
in Figure 
25) 
at 
1/2 ROCO. 
If 


this 
pole 
is ten times greater 
than 
the maximum 
operating 
frequency 
(wmax), 
the 
phase 
shift 
approaches 
84° 
Locating 
the 
pole 
at 
a 
frequency 
much 
greater 
than 
10 wmax 
needlessly 
extends 
the 
noise 
bandwidth 
thus: 


2RO 
= 
1 
CD 10wmax 


If RO is not large enough 
to satisfy 
this condition, 
a series 


I 
I 
I 
I 
I 
I 
I 
I 
I 
1 


wmax 
2R 
Co 


R = 2Ra + RD ~ 
1 
CD10 wmax 


To further reduce the noise bandwidth, a second pole 
can be added (as shown in Figure 26) by putting 
an 


1 


Wm8X 
"'LOCO 


inductor 
in series with 
the resistor and the capacitor. 


The values of Rand 
L are determined by choosing the 
center frequency (wo) and the damping ratio (0) to meet 
the systemsrequirements where 


1 
wo=-- 
-!lCD 


0= 
RCD 


2yLCD 


Wo= 10wmax =_1_ 
-!lCD 


where CD is chosen 
for maximum 
ic as shown 
previously. 


Solving for L gives: 


L = 
1 
100 CD(Wmax)2 


0= 
RCD 
2/ 
CD 
10 
CD(Wmax)2 


Solving for R gives: 


R = 
0 
5CDWmax 


The total resistance (R) is the effective output 
resis- 
tance (Ra) plus the resistor added in the differentiator 
(RD). Values of 0 from 
0.3 to 
1 produce satisfactory 


results. 


PEAK SHIFT 
CONSIDERATIONS 
Peak shift, 
resulting from 
current 
imbalance in the 
differentiator, 
offset voltage in the comparator, etc., can 
be eliminated 
by nUlling the current in the emitters of 
the 
differentiator 
with 
a potentiometer 
as shown in 
Figure 27. 


The potentiometer acrossthe differentiator components 
is adjusted until 
a symmetrical digital 
output 
cycle is 
obtained at Pin 10 for a sinusoidal input with the mini· 
mum anticipated Epw product. 


DESIGN 
EQUATIONS 
FOR ONE-SHOTS 
As shown in Figure 28, the MC3470 input waveform 
may have distortion at zero crossing, which can result in 
false triggering of the digital output. 
The time domain 
filter 
in the MC3470 can be used to eliminate the distor- 
tion by properly setting the period (q) 
of the one-shot 
timing elements on Pins 6 and 7. The fOllowing equation 
will 
optimize immunity 
to this signal distortion 
at zero 
crossingof the read head signal. 


The timing equation for the time domain filter's one- 
shot is: 
q~R1C1Kl+To 


where K1 = 0.625, To = 200 ns. 


Actual time will 
be within 
± 15% of q 
due to variations 
in the MC3470. 
If t:.T is the maximum period of distortion (seeFigure 


II 


28), then 
choose 
tl 
such that 


AT<,,<T_AT 
2 


~L\LJ 
\J 


T 
\ 
,J\ 
cJJ 


~'C7 
" 
dT 
~T 


I I 
' 
I I 
I I 
I I 


" 


where 
T = __ 1__ 
. 


4f(max) 


The 
width 
of the 
digital 
output 
pulse 
t2 
(Pin 10) 
is 


determined 
by 


where 
K2 = 0.625. 


Actual 
pulse 
width 
will 
be 
within 
± 15% 
of 
t2 
due 
to 
variations 
in the MC3470. 


To 
preserve 
the 
specified 
accuracy 
of 
the 
MC3470, 


Rl, 
R2, Cl, 
and C2 should 
remain 
in the ranges shown 
in 
the 
Electrical 
Characteristics. 
Also, 
to 
minimize 
current 
transients, 
it is important 
to keep the values of Cl and C2 
as small 
as is convenient. 
For" 
= 1 IlS and t2 ~ 200 
ns, 
suggested 
good values for the capacitors 
are 


Cl = 250 pF 


C2 = 160 pF 


BOARD LAYOUT 
AND TESTING 
CONSIDERATIONS 
An 
LSI package 
has 
many 
input/output 
pins 
in close 
proximity, 
some 
carrying 
high 
level 
signals 
and 
others 
low 
level 
signals. 
As 
carefully 
as the 
on-chip 
isolation 
of the devices 
connected 
to these 
pins 
is implemented 
by 


the manufacturer, 
the coupling 
of signals or noise 
between 
external 
wires 
is under 
the 
control 
of the 
end-user 
who 
designs 
the 
integrated 
circuit 
into 
a piece 
of equipment. 


The designer 
should 
be familiar 
with the following 
layout 
procedures 
which 
will 
optimize 
the 
performance 
of the 


device. 
See Figure 
29. 


1. Build all circuits 
on printed 
circuit 
boards 
(including 
breadboards). 
Transmission 
line theory 
for flat conductors 


in a plane 
quite 
convincingly 
proves 
that 
coupling 
is far 
lessthan for round conductors in three dimensions. 


2. Use a ground 
plane 
under 
the 
IC and over as much 
of 
the 
printed 
circuit 
board 
surface 
as possible 
without 
exceeding 
practical 
limits. 


3. Avoid 
signal 
runs 
under 
the 
IC. Also avoid 
parallel 
runs of 
1 inch or greater on the opposite or same side 
of board. 


4. 
Use 
monolithic 
ceramic 
0.1 
IlF 
capacitors 
for 
decoupling 
power 
supply 
transients: 
one 
from 
VCCl 
to 
ground 
and 
one 
from 
VCC2 
to 
ground 
for 
each 
IC 
package. 
Keep 
lead 
lengths 
to 
1/4 
inch or less and 
place 
in close proximity 
to the 
IC. 


5. Keep all signal runs as short 
as possible. 


When 
evaluating 
the 
device 
for 
phase 
jitter 
and 
fre· 
quency 
response, 
a special 
test 
jig should 
be 
designed 
to 
reduce 
ground 
loops 
and 
coupl ing caused 
by instru· 
mentation. 
Instrumentation 
test setups 
must 
be calibrated 


at 
each 
test 
frequency 
and 
differential 
equipment 
utilized 
where 
required. 
A valid 
evaluation 
of 
the 
per· 


formance 
of any read amplifier 
chain 
requires 
considerable 


care and thought. 
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Specifications 
and Applications 
Information 


FLOPPY DISK WRITE CONTROLLER/HEAD DRIVER 
The MC3471 is a monolithic 
integrated 
Write Controller/Head 
Driver designed to provide the entire interface between the write 
data and head control 
signals and the heads (write and erase) for 
either Tunnel or straddle-erase 
floppy 
disk systems. 
Provisions 
are made for selecting 
a range of accurately 
con- 


trolled write currents and for head selection during both read and 
write 
operation. 
Additionally, 
provisions 
are included 
for exter- 
nally adjusting 
degauss 
period, 
inner/outer 
track compensation, 


and the delay from write gate to erase turn-on 
and turn-off. 


Erase Delays are controlled 
by driving 
the delay inputs 01 and 
02 with standard TTL open-collector 
logic (microprocessor 
com- 
patible) or by using the external RC mode in which case the delay 
is one 
'T (K factor = 1.0). 


In addition, 
an Inhibit 
output 
is provided 
which 
indicates that 
the heads are active during write, 
degauss, or erase. 


• 
Head Selection 
- 
Current 
Steering 
Through 
Write 
Head and 
Erase Coil in Write Mode 


• 
Adjustable 
On-Chip Delay of Erase Timing 
- 
Stable K Factor 


• 
Delay 
Pins 
Logic 
Compatible 
for 
Direct 
Microprocessor 
Compatibility 


• 
Inhibit 
Output 
Provided 
to Disable Read or Step During Head 
Active Time 


• 
Provides 
High 
Impedance 
(Read Data Enable) 
During 
Read 
Mode 


• 
Head Current 
(Write) Guaranteed 
±3% (3.0 mA using Rext = 


10 k!l) 


• 
IRW Select Input Provides for Innter/Outer 
Track Compensation 


• 
Degauss Period Externally 
Adjustable 


• 
Specified 
With Head Supply 
(Vaa) 
from 
10.8 V to 26.4 V 


• 
Minimizes 
External Components 


BLOCK 
DIAGRAM 


R W1 
R W2 


D1 


D2 


17 
E3 


15 
Ei 
Select 
Enable 
18 


CT0 


20 
Cll 


4 
13 
10 


Inhibit 


VRe! 
IRe! 
WG 
HS 


FLOPPY 
DISK 
WRITE 
CONTROLLER 
(WITH ERASE DELAY) 
- 


1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
738-03 


Center 
Tap,0 


Erase 0 
Write 
Gate 


Write 
5 
Data 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage (pIn 14) 
Vee 
70 
Vdc 


Power Supply Voltage (pin 19) 
VBB 
30 
Vdc 


Input Voltage 
(Pms 4. 5. B. 13) 
VI 
5.75 
Vdc 


Output Applied Voltage (Pin 10) 
Vo 
70 
Vdc 


Open-Collector Sink Current (Pin 10) 
'0 
25 
lOA 


Storage Temperature 
Tstg 
-5510 
+150 
°e 


Operating JunctIon Temperature 
TJ 
150 
°e 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage (pin 14) 
Vee 
+4.75 
to 
+5.25 
Vdc 


Power Supply Voltage 
(Pin 19) 
VBB 
<108to 
·264 
Vdc 


Operatmg Ambtent Temperature 
Range 
TA 
o to .70 
e 


ELECTRICAL CHARACTERISTICS 
ITA" 0'0 +700e. Vee = 47510525 
V. VBB = 10 Bto 26 4 Vunlessolherwlse 
noted 
TYPlcalsgoven 


for VCC ;: 50 V. Vas;: 
12 V and TA ;: 25°C unless otherWise noted) 


Power Supply Current - 
Vcc 
Ice 
- 
22 
60 
lOA 


VBB 
IBB 
- 
15 
30 


High 
Level 
Input 
Voltage 
4. B. 13 
VIH 
20 
- 
- 
V 


(VCe = 4.75 V) 


Low 
Level 
Input 
Voltage 
4.8.13 
VIL 
- 
- 
08 
V 


(VCC = 5.25 V) 
- 


Input Clamp Voltage 
4. 5.8. 
13 
VIK 
- 
-087 
-1.5 
V 
(11K= -12 
lOA) 


Positive Threshold 
5 
VT(+) 
I 5 
1 75 
20 
V 
(Vee = 5.0) 


Negatlve Threshold 
5 
VT(_) 
07 
098 
13 
V 
(Vee = 50) 


Hysleresis 
IVT(+)- 
VT(_)) 
VHTS 
V 


TA:; ooe to +70oe 
5 
02 
- 
- 


TA = 25°C 
04 
076 
- 


High 
Level 
Input 
Current 
4. 5.8. 
13 
IIH 
- 
01 
40 
pA 


IVCC = 5.25 V, VBB = 26.4 V, VI = 2.4 VI 


Low Level 
Input 
Current 
4. 5.8. 
13 
IlL 
lOA 


(VCC = 5.25 V, Vaa 
= 26.4 V, TA = 25°C unless 
noted 
below) 
- 
- 
-I 
6 
Vaa 
= 12 V 
4 
- 
0.36 
- 


Vaa 
= 24 V 
4 
- 
0.76 
- 


VCC = 5.0 V 
5 
- 
0.46 
- 


VCC = 5.0 V 
8 
13 
- 
0.39 
- 


• 


ELECTRICAL 
CHARACTERISTICS 
(continued) 
(TA = 0 to + 70·C, VCC = 4.75 to 5.25 V, Vaa 
= 10.8 to 26.4 V unless 
otherwise 


noted. 
Typicals 
given 
for VCC = 5.0 V, Vaa = 12 V and TA = 25·C unless 
otherwise 
noted.) 


Characteristics 
Symbol 


Output 
High Voltage 
(See Figure 
141 
1~. 20 
VOH 
VSS·1.5 
VSS·l.0 
- 
V 


(I0H = 
-100 
mA, VCC ~ 4.75 V) 


Vaa = 10.8 to 26.4 V 


Output 
Low Voltage 
(See Figure 14) 
18.20 
VOL 
mV 


(IOL = 1.0 mAl 


VSS = 12 V 
- 
70 
150 
VSS = 24 V 
- 
70 
150 


Output 
High 
Leakage 
Current 
15.17 
IOH 
- 
001 
100 
"A 
(VOH = 24 V, VCC = 4.75 V, Vaa 
= 24 VI 


Output 
Low Voltage 
(See Figure 
15) 
15.17 
VOL 
V 


(I0L 
~ 90 mA, VCC ~ 4.75 V) 


Vaa 
~ 
12 V 
027 
060 


Vaa 
= 24 V 
- 
027 
060 


DIGITAL 
OUTPUT 
LEVEL (~) 


High 
Level 
Output 
Current 


(VOH = 7.0 V, VCC ~ 4.75 VI 


Low 
Level 
Output 
Voltage 


(I0L = 4.0 mA, VCC ~ 4.75 VI 


CURRENT 
SOURCE 


Reference 
Voltage 
1 
VRef 
57 
- 
V 


Degauss Voltage 
(See Text) 
1 
VOEG 
- 
10 
- 
V 
(Voltage 
Pin 1 - Voltage 
Pm 2) 


Bias Voltage 
2 
VF 
- 
0.7 
- 
V 


Write 
Currenl 
Off Leakage 
6. 7 
IOH 
- 
0.03 
15 
pA 
(VOH = 30 VI 


Saturation 
Voltage 
6. 7 
Vsat 
- 
085 
27 
V 
(VSS = 12 VI 


Current 
Sink Compliance 
6. 7 
,:, 
RW2. 1 
- 
15 
40 
pA 
(For V6. 7 = 4 0 V to 24 V. VWG = 08 
VI 


Average 
Value Write 
Curre nt 
6. 7 


(Ipm 6 + IPln 71 
( 
2 
for VSS = 10 8 to 26 4 VI 


@ 'R/W 
= ILOW 
R = 10k 
'R/W(LI 
mA 
fA = 25°e 
2.91 
30 
3.09 


T A = 0 to + 700e 
2.84 
- 
3.16 


@ 'R/W 
= ILOW 
R = 50 
k 
fA = 25°e 
5.64 
5.89 
6.14 


TA = 0 to +700C 
5.51 
- 
6.28 
@ IR/W 
= 'HI. R = 10 k (lHI = ILOW· 
% 'Lowl 
61R/W(HI 
% 


TA=25°e 
31.3 
33.3 
35.5 


TA = 0 10 +70°C 
30.3 
33.3 
36.6 


Difference 
In Write 
Current 
6.7 
'R/Wc. 
mA 
fllPin 6 - IPin 71 
@ 'R/W 
= ILOW. VSS = 10.8 V to 26.4 VI 


R = 10k 
TA = 25°e 
- 
0003 
0.Q15 


TA = 0 to .70oe 
- 
- 
0023 


R = 5.0 k 
TA = 25°e 
- 
- 
0.030 


TA = 0 to +70°C 
- 
- 
0.046 


Characteristics 
Test 
Min 
Typ 
Max 
Unit 


Delay Error, Pm 11, 12 
ED1,2 
- 
- 
15 
% 


Dl, 
D2 = RC ±ED1,2, 
30 kO';; 
R';; 300 kll 


AC SWITCHING 
CHARACTERISTICS 
(VCC ~ 5.0 V, TA = 25"C, Vaa = 24 V, IRWS = 0.4 and IRIW = 3,0 mA unless 
otherwise 


noted,) 


Characteristics (Note 1) 
fin (Note 2) 
Min 
Typ 
Max 
Unit 


1, Delay from 
Head Select 
going 
low through 
0.8 V to CT0 
HS.Pm13 
- 
1.6 
4.0 
~s 


going 
high 
through 
20 V. 


2. Delay from Head Select going low through 0.8 V to CT1 
HS, Pm 13 
- 
2.1 
4.0 
~s 
going low through 1.0 V. 


3. Delay 
from 
Head Select 
going 
high 
through 
2,0 V to CT0 
HS, Pm 13 
- 
1.7 
4.0 
~s 


going 
low through 
1,0 V. 


4, Delay from 
Head Select 
going 
high 
through 
2,0 V to CTl 
HS. Pin 13 
- 
14 
40 
~s 


going 
high 
through 
20 V. 


5. Delay from WG going low through 0.8 V to CTO 
WG, Pm 4 
- 
1.3 
4.0 
~s 


going low through 
1.0 V. 


6. Delay from WG going low through 0.8 V to CT1 
WG, Pin 4 
- 
0.8 
4.0 
~s 
going high through 20 V 


7 
Delay from WG going low through 0.8 V to CTO 
WG, PIn 4 
- 
075 
4.0 
~s 


going high through 20 V. 


8. Delay from Vil(j gOing low through a 8 V to cn 
WG. Pin 4 
- 
1 2 
40 
~s 


gOing low through 
1.0 V. 


9. After WG goes 
high, 
delay 
from 
RlWl 
turning 
off 
WG, Pin 4 
20 
750 
- 
ns 


through 
10% to. CT0 going 
high 
through 
20 V, 


10. After W'G goes high. delay from R/W 1 turnIng off 
WG, Pin 4 
20 
1200 
- 
ns 


through 
10% to CT1 going low through 1.0 V 


11. After WG goes 
high, 
delay 
from 
RIW2 turning 
off 
WG. Pin 4 
20 
1200 
- 
ns 


through 
10% to CT0 going 
low through 
1.0 V. 


12. After WG goes high, delay from R/W2 
turning off 
WG. PIn 4 
20 
600 
- 
ns 


through 
10% to cn going high through 20 V. 


13. After 
WG goes low, 
delay 
from 
CT0 going 
low through 
WG, P'n 4 
20 
750 
- 
ns 


1,0 V to RlWl 
turning 
on through 
10%. 


14. After WG goes low. delay from CT1 going low through 
WG, P,n4 
20 
750 
- 
ns 


1.0 V to R/W2 turning on through 10%. 


15. After 
WG goes low. fall time (10% to 90%) of R/W1. 
WG. Pin 4 
- 
5.0 
200 
ns 


16. After 
WG goes low, fall time 110% to 90%) of R/W2. 
WG. Pin 4 
- 
5.0 
200 
ns 


17. Setup time. Head Select going low before 
WG. Pin 4 
4.0 
- 
- 
~s 


WG going low. 


18 
Write Data low Hold Time 
WD. Pin 5 
200 
- 
- 
ns 


19. Write Data high Hold Time 
WD. Pin 5 
500 
- 
- 
ns 


20 
Delay from WG going high through 2.0 V 
WG, Pin 4 
- 
39 
- 
~s 


to R/W 
1 turning off through 10% of on value. 


21. Delay from WG going 
low thru 0.8 V 
WG. P,n 4 
- 
008 
4.0 
~s 


to Inhibit going low thru 0.5 V 


22. After WG goes high, delay from 
RlWl 
turning 
off 
WG. Pin 4 
20 
750 
- 
ns 


thru 10% to Inhibit going high thru 1.5 V 110 k pullup 
on Inhibit, 
Note 3) 


23. After WG goes high, delay from El going high thru 
WG 
20 
750 
- 
ns 


23 V to Inhibit 
going 
high thru 1.5 V (10 k pullup 


on Inhibit. Note 3) 


Notes: 
1.Test numbers refer to encircled numbers in Figures 3 & 16. 
2. AC test waveforms applied to the designated pins as follows: 


Pin 
f;n 
Amplitude 
Duty Cycl. 


~Pin13 
50 
kHz 
0.4 to 2,4 V 
50% 


WG. Pin 4 
50 kHz 
0.4 to 2.4 V 
50% 


WD, Pin 5 
1.0 MHz 
0,2 to 2.4 V 
50% 


• 


• 


AC 
SWITCHING 
CHARACTERISTICS 
(continued) 
(VCC = 5.0 V. TA = 25°C. VBB = 24 V. WG = 0.4 unless otherwise 
noted) 


Characteristics 
(Note 4) 
Min 
Typ 
Mex 
Unit 


1. Delay from Write 
Data going low through 
0.9 V to R/Wl 
- 
B5 
- 
ns 


turning 
on through 
50%. 


2. Delay skew. difference 
of R/Wl 
turning 
off and R/W2 
- 
1.0 
±40 
ns 
turning 
on through 
50% after Write Data going low 
through 
0.9 V. 


3 
Delay from Write Data going low through 0.9 V to R/Wl 
- 
BO 
- 
ns 
turning 
off through 50%. 


4. Delay skew. difference 
of R/Wl 
turning 
on and R/W2 
- 
1.0 
±40 
ns 


turning 
off 50% after Write Data going low 
through 
0.9 V. 


5 
Fall time, 
10% to 90%. of R/W 
1 
- 
1.7 
200 
ns 


6. Fall time, 
10% to 90%. of R/W2 
- 
1.7 
200 
ns 


7. Rise time. 
90% to 10%. of R/W 
1 
- 
12 
200 
ns 


8. Rise time. 90% to 10%. of R/W2 
- 
12 
200 
ns 
--- 
_. 


Name 
Symbol 
Pin 
Description 


Head Select 
HS 
13 
Head 
Select 
input 
selects 
between 
the 
head 
I/O pins; 
center-tap, 
erase, 
and 
read/write. 
A 
HIGH selects 
Head 0 and a LOW selects 
Head 1. 


Write Gate 
WG 
4 
Write Gate Input selects the mode of operation. 
HIGH selects the read mode, while LOW selects 
the Write Control mode and forces the write current. 


Write Data 
WO 
5 
Write Data input controls the turn on/off 
of the write current, The internal divlde-by-twoflip-f1op 
toggles on the negative going edge of this Input to dIrect the current 
alternately 
to the two 
halves of the head coils. 


IRW Select 
IRWS 
8 
lAW Select input selects the amount of write current to be used. When LOW, the current equals 
the value found in Figure 5, according to the external resistor. When HIGH, the current equals 
the low current 
+ 33% 


VRef 
VRef 
1 
A resistor 
between 
these 
pins sets the write 
current. 
(Refer to Figure 4.) A capacitor 
from 


IRef 
IRef 
2 
VRef to Gnd will 
adjust 
the Degauss 
period. 


Center-Tap 
0 
CT0 
18 
Center-Tap 
0 output 
is connected 
to the center 
tap of Head 0. It will 
be pulled 
to Gnd or VBB 
(+ 12 or + 24) depending 
on mode 
and head selection. 


Erase 0 
EO 
17 
Erase 0 will 
be LOW for writing 
on Head 0, and floating 
for other 
conditions. 


Center- Tap 1 
cn 
20 
Center-Tap 1output is connected to the center tap of Head 1 It will be pulled to Gnd orVBB (+12 or 


+24) depending on mode and head selection. 


Erase 1 
El 
15 
Erase 1 will be LOW for writing 
on Head 1, and floating 
for other conditions. 


R/W2 
R/W2 
6 
A/W2 
input is one of the differential 
inputs that sinks current during writing, 
being the opposite 
phase of A/W1. 
It will be connected to one side of the heads. 


R/Wl 
R/Wl 
7 
A/W1 
input is one of the differential 
inputs that sinks current during writing, 
being the opposite 
phase of A/W2. 
It will be connected to one side of the heads. 


VCC 
14 
+50 V Power 


VBB 
19 
+12 V or + 24 V Power 


Gnd 
16 
Coil grounds 
. 


Gnd 
3 
Reference and logic ground 


Delay 1 
01 
12 
Erase Turn-On Delay adjust (AC or Logic) 
-- 
Oelay 2 
02 
11 
Erase Turn-Off Delay adjust IRC or Logic) 
_. 


InhIbit 
InhibIt 
10 
Active low open-collector output proVided to Indicate heads are active In the write, degauss or erase 
mode (Used for step or read inhibIt.) 


Vaa 
VCC 
19 
14 
1 
1 


Delay. WG N 
-EO.l 
N 


Delay. WG V) -EO.l vi 


oc 
17 
EO 


VBB 


oc 
15 
El 
roo 
cn 


CTO 


Head 
Select 13 


24V 


09V 
_ 


02V 


10% 


50% 
90% 


R/W2 
6 
CD~ 
=====f-: 
H 


=:l-® 


CT16 


cn 


~13 


811 
I 


A/Wl 
7 
@ 
I 


A/W2 
6 
@ 


I 
Vref 
(5.0 V Nom.) 
VPin 1 - VPin 2 
(Ref. Voltage "I 
,----- 


I 
=fL@ 


@~ 


The MC34 71P serves as a complete interface between 
the Write Control functional 
signals (Head Select, Write 
Data, Write Gate and inner track compensation, IRWS) 
and the head itself. A typical configuration 
is shown in 
Figure 4. LE'S are erase coils. 


WRITE CURRENT SELECTION 


Although the MC3471 P has been specified for 3.0 mA 
write current (with a 10 kfl external resistor), a range of 
write current values can be chosen by varying Rex! using 
the plot in Figure 5. This current can also be derived using 


the relationship IWrite (mA) = __ 3_0 
__ 
Rext(kfl) 


IRef. the current flowing 
in Rext (required only for dis- 
sipation 
calculations) 
can be worst case using the fact 
that the differential 
voltage between Pins 1 and 2 (VRef) 
shown in Figure 3 never exceeds 5,0 volts. With a low 
value of Rext = 1.0 kfl. Po = 25 mW, 


...••.... 


...••.......•.. 


IRWS low 


"- 
"" 
" 


~ 
"" 
I............... 


2.0 
3.0 
5.0 
7.0 
to 
0 
0 


~ 
30 


::: 
2.0 
~~ 


Referring to Figure 4, resistors RD are used to dampen 
any ringing that results from applying the relatively fast 
risetime 
write 
current 
pulse 
to the 
inductive 
head 
load. 


Values chosen will be a funciton of head characteristics 
and the desired damping. Rp serves as a common pullup 
resistor to the head supply VBB. 


DEGAUSS PERIOD 


Degauss of the read/write 
head can be accomplished at 
the end of each write operation by attaching a capacitor 
from Pin 1 to ground. The time relationship that results is 
shown in Figure 7. A simplified diagram of this function is 
shown 
in Figure 
6. 


While WG is low, the selected write current flows into 
Pin 6 or Pin 7 (R/W1 or R/W2) and is mirrored through the 
external resistor, Rext. The degauss capacitor, CDG, will 
be charged to approximately 5.7volts. After WG goes high, 
the voltage on CDG begins to decay toward 0.7 V. When 
the voltage reaches the comparator threshold of 1.7 V. the 
comparator output triggers the Internal logic to completely 
turn offthewrite 
current. At this point, the pulse amplitude 
on the R/W1 and R/W2 pins has returned to 10% of its 
maximum 
value. 


Figure 
7, Degauss 
Period 
shows 
the 
relationship 
between CDG and Degauss Period for Rext = 10 kfl. This 
period is equal to the exponential delay time for the voltage 
as mentioned plus internal delay times. 


FIGURE 6 - 
SIMPLIFIED 
DEGAUSS 
CIRCUIT 


VBB 


• 


FIGURE 7 - 
DEGAUSS 
PERIOD 
versus 
CAPACITANCE 
(COG) 
/ 
/ 
I, 
I 


Rex! = 10 kn - 
/ 
/ 
/ 
/ 
I 


uz~ 
400 
u 
""~ 


10 
20 


OEGAUSS 
PERIOD I~s) 


POWER-UP WRITE CURRENT CONTROL 
During 
power-up. 
under 
certain 
conditions 
(VBB 
comes up first while WG is low). there can be a write 
current transient 
on Pins 6 and 7 (RlWl 
and R1W2) of 
sufficient 
magnitude 
to cause writing 
to occur if the 
head is loaded. 
This transient can be eliminated by placing a capaciter 
from Pin 2 to ground. This also delays the write current 
when WG goes low and this delay must be accounted 
for when the capacitor on Pin 2 is used. The delay is 3.0 


J.LS for a 2700 pF capacitor. and Rext = 10 kO, Values 
up to 7000 pF may be used. 


ReX! 
~ 
M_C_3_4_7' 
_ 


2700PF~ 


50% I 


II 


ERASE DELAY 


The MC3471 P can be used with 
both 
straddle 
and 
tunnel erase heads. When using the tunnel erase heads, 
it is necessary to delay the erase current 
in time with 
respect to WG due to the physical 
placement 
of the 
erase gap behind the RIW gap on the heads. The amount 
of delay 
required 
depends 
upon the disk rotation 
ve- 


locity, recording 
density and format. Turn-on delay and 
turn-off 
delay must also be independent 
to guarantee 
erase is on for the entire block. 


Nominal 
delays of 500 JJ.5 turn-on; 
and 1.0 ms turn- 


off are available 
by adjusting 
the value of R1, R2 and 
C1, C2 shown 
in Figure 4. These delays are adjustable 
over a broad range as shown in Figure 9 to achieve any 
practical delay required. By using 5% capacitors and 1% 
resistors, total timing accuracy is better than ± 15% over 
temperature 
and supply. Timing 
is shown 
in Figure 10. 


In applications 
using 
logic 
or microprocessor 
con- 
trolled delays, the 01 and 02 inputs can be used directly 
to turn-on 
and turn-off 
the erase current. 
(Controlling 
outputs should be Open-collector 
w/10 k pullup). Figure 
11 shows the relative timing 
involved 
for the micropro- 
cessor and logic controlled 
applications. 


In straddle 
erase systems, 
the erase delays can be 
eliminated 
by pulling 01 and 02 high thru a 10 kD.pullup 
resistor to + 5.0 V. 


20 


1.5 


12 


~ 
U 10 
'l' 


0.5 


02 


- 
td ~ kRC ±O O~lRC 


k ~ 
1 
./ 


./ 


./ 
/' 


ERASE CURRENT 


The value of RE' the erase current set resistor, is found 
by referring to Figure 12 and selecting the desired erase 
current. 


Looking at the simplified 
erase current path in Figure 
12, when 
writing, 
CT0 will 
be 
high 
(VOH(min) 
= 


22.5 V) and E0 will 
be low (VOL(max! 
= 0.6 V). If the 
erase coil resistance is 10 D.and 40 mA of erase current 
is desired then: 


(RE + 10 D.) x 40 mA = (22.5 - 0.6) V 
or 
21.9 V 
RE = 0.04 A - 
10 D. = 537 D. 


Po = (537) (0.04)2 = 0.86 W 


This gives the minimum 
value RE for worst case VOHI 


VOL conditions. 
It is also recommended 
that a diode be 
used as indicated 
for inductive 
back emf suppression. 


Turn-Off_ 
Delay 
__ 
IErase) 


Turn-Off __ 


Delay 


_IErase)_ 


19 


+24 V 


17 
RE 


MC3470A 
r--------, 
: 
0: 
DIgital 
I 
_ _ _ 
-to Read Data 
I 
I 
: 
' 
(out) 


I 
: 
L 
~ 


Read Amp 
See Data Sheet 


t 
Vaa 


I 
I 
I 
I 
I 
I 
I 
I 


i___ { 


CTO 


Cll 


EO 


E1 


01 
Erase 
MC3471 
Delays 


02 


VRef 
IRef 
Inhibit 


-::- 


Function 
ClI 
CTI 
Ee 
El 


Write 
0 
Vaa 
OV 
On 
Off 


Write' 
OV 
Vaa 
Off 
On 
Read 0 
OV 
Vaa 
Off 
Off 


Read' 
Vaa 
OV 
Off 
Off 


• 


• 


10 k 
c:=~ 


-.r 3 


0.8 V 0-==:- 4 


2.0 V 


12 V 


20 


19 


18 


17 


16 


15 


14 


13 
V13 


12 
30 k 


11 


30k 


Measure 
Set 


VT 
S1 
S2 
S3 
V4" 
V13· 


08 
20 
VOH IP18) 
On 
Off 
P 18 


2.0 
08 


20 
20 
VOH (P201 
On 
Off 
P20 


0.8 
08 


0.8 
0.8 


VOL IP18) 
Off 
On 
P18 


2.0 
2.0 


20 
0.8 
VOL (P201 
all 
On 
P 20 


0.8 
20 


Measure 
Set 


VT 
S1 
V13 


VOL IP151 
P15 
o 8V 


VOL (P1 7) 
P17 
20V 


12 


10 
11 


10 


InhibIt 
12k 
18 


51 


AC 


Inputs 


125 k 
125 k 
30k 
30k 
101%) 
10.1%) 


52 
11 
02 


53 


4000pF 
8000pF 
12 


(0.1%) J J 


101%) 


Notes: 


Diodes 
Type 
1N4934 


Resistors 
(unless 
otherwise 
noted) 
are 
1/4 W 5% 


Straddle 
Erase 
51 
and 
84 
Closed 
52,53 
Open 


Tunnel 
Erase 
51 
and 
54 
Open 


52, 53 Closed 


Specifications 
and Applications 
Information 


MEMORY 
CONTROLLER 
FOR 16 PIN 4K, 16K 
AND 64K DYNAMIC 
RAMs 


The memory controller 
chip is designed to greatly simplify 
the 
interface logic required to control the popular 16 pin multiplexed 
dynamic 
NMOS RAMs in a microprocessor system such as the 
M6800. The controller will generate, on command from the micro- 
processor, the proper timing signals required to successfully transfer 
data between the microprocessor and the NMOS memories. The 
controller, 
in conjunction 
with an oscillator, will also generate the 


necessary 
signals 
required 
to insure that the dynamic 
memories 
are 
refreshed for the retention of data. 


• 
Greatly Simplify the MPU-Dynamic Memory Interface 


• 
Reduce PackageCount and System Access/Cycle Times 30% 


• 
Chip Enable for Expansion to Larger Word Capacity 


• 
Generate 1 of 4 RAS Signals for an Optimum 
16K/64K 
Memory System 


• 
High Input Impedance for Minimum Loading of MPU Bus 


• 
Schottky TTL Technology for High Performance 


• 
Useful with 4K and 16K and Future Expanded Dynamic RAMs 


Signal, 
From 
MPU 


Signals 


To 
MC3232A/ 


MC3242A 


Row En.ble 


MPU 


Interface 


And 
Memory 
Control 
Logic 


liAn 


RAS 
2 


RAS 
3 


RAS 
4 
Ref 
elk 


Ref Grant 


Ref 
Reque,t 


Several methods 
may 
be employed 
to generate the required 
time 
delay: 


1. 
One 
shots 
2. 
High frequency 
counters 


3. 
High frequency 
shift 
registers 
4. 
Delay 
lines 


5. 
Signals 
from 
MPU 
Clock 


DYNAMIC 


MEMORY 
CONTROLLER 


SCHOTTKY 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
623-05 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
649-03 


II 


Rlting 
Symbol 
V.lue 
Unit 


Power Supply Voltage 
VCC 
7.0 
Vdc 


Input Voltage 
VI 
-0.5 
to +7.0 
Vdc 


Output Voltage 
Va 
-0.5 
to +7.0 
Vdc 


Operating Ambient 
Temperature 
TA 
o to +70 
°c 


Storage Temperature 
TstQ 
-65 to +150 
°c 


Operating Junction Temperature 
TJ 
°c 


Ceramic 
Package 
175 


Plastic Package 
150 


Rating 


Power Supply Voltage 


Operating 
Ambient 
Temperature 
Range 


ELECTRICAL 
CHARACTERISTICS 
(Unless otherwise noted specifications apply over recommended power supply and temperature 


ranges.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Voltage - 
Low Logic State 
VIL 
- 
- 
0.8 
V 


Input Voltage - 
High Logic State 
VIH 
2.0 
- 
- 
V 


Input Current - 
Low Logic State 
IlL 
- 
- 
-250 
"A 
(VIL = 0.5 VI 


Input Current - 
High Logic State 
(VIH = 2.7 V) 
IIH 
- 
- 
40 
"A 
(VIH = 5.5 VI 
100 


Input Clamp Voltages 
VIK 
- 
- 
-1.5 
V 


(11K = 18 mAl 


Output 
Voltage - 
Low Logic State 
VOL 
V 
(lOL 
= 24 mA for RAS, CAS, and RIW) 
- 
- 
0.5 
(tOL = 8.0 mA for Row En, Ref En, MC, Ref Req) 
- 
- 
0.5 


Output 
Voltage - 
High Logic State 
VOH 
V 
(tOH = -1.0 mA for RAS, CAS, and RIW) 
3.0 
- 
- 


(lOH = -0.4 mA for Row En, Ref En, and MC) 
2.4 
- 
- 


10H = -0.2 mA for Ref Req 
2.4 
- 
- 
(Note: 
Ref Req output 
has internal 5.0 k 
resistive pullup to Vec,) 


Power 
Supply 
Current 
- 
During 
R/W 
or Refresh 
ICC 
- 
- 
65 
mA 


- 
During Idle 
40 


Output 
Short·Circuit 
Current 
10S 
mA 
(VOL = 0 V for Row En, Ref En, and MC) 
-10 
- 
-55 


w~ 
i= 
30 


>- 
:'i 
o~~ 
'";:: 
~ 


200 
300 
400 


CL. 
LOAD 
CAPACITANCE 
(pFI 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Propagation Delay Times (Full AC Load - 
All Outputs) 
ns 


MC to MC - 
Low to High 
'PLHIMC) 
- 
7.0 
14 


MC to Me - 
High to Low 
'PHLIMCI 
- 
9.0 
17 


'1 'oRAS 
'PTl 
18 
26 
40 
t2 to Row En 
'PT2 
16 
21 
35 


'3 '0 CAS 
'PT3 
17 
26 
45 


,4 '0 RIW 
tpT4 
16 
22 
45 


'5'o~ 
'PT5C 
22 
30 
42 


'oRAS 
'PT5R 
19 
26 
40 


to RIW 
'PT5W 
30 
42 
58 
to Row En (Refresh) 
'PT5ER 
30 
50 
65 
'0 Row En IRIWI 
'PT5E 
25 
32 
48 


to Refresh En 
tpT5F 
22 
46 
55 


Ref Clk '0 ReI Req 
tpco 
10 
17 
27 
Ref Grant to Row En } 
tPGS 
20 
30 
43 
to Ref En 


tl to Ref Req IRef onlyl 
Note 
1 
'PTO 
22 
60 
75 


Setup Times (Full AC Load - All Pins) 
ns 
Ref Clk before Ref Grant 
'sulRC) 
35 
- 
- 


A12, A13 before tl 
'sulAI 
10 
- 
- 


RM 
Input before t4 
'sulRIW) 
33 
- 
- 


Ubeforetl 
'sulCEI 
20 
- 
- 


Ref Grant before tl 
'sulRGI 
50 
- 
- 


Hold Times (Full AC Load - All Pins) 
ns 
A12, A13 after 
t5 
'hlAI 
15 
- 
- 


C£ after tl 
'hlC"E1 
0 
- 
- 


RM 
after t4 
'hiRIW) 
0 
- 
- 


MC Rising after tl 
Rising 
'hIMC) 
30 
- 
.- 


Minimum 
Delay Times 
INote 
1 - 
Full AC Load - 
All Pinsl 
ns 
tl 
Low to High to t2 Low to High 
'dll-21 
30 
- 
- 


tl 
Low to High to t4 Low to High 
'dll-4) 
33 
- 
- 


t2 Low to High to t3 Low to High 
'd12-31 
30 
- 
- 


t3 Low to High to t5 Low to High 
'd13-51 
30 
- 
- 


Minimum 
Pulse Widths 
ns 
tl 
through t5 
Low 
'WL(,I 
30 
- 
- 


High 
'WHI,I 
30 
- 
- 


MC 
'WIMCI 
30 
- 
- 


Ref Grant 
'WIRGI 
25 
- 
- 


Notes: 1. Ref. Aeq. has an internal 5.0 kn pullup to Vec. If faster propagation delay is required (tPTO).then an external register can be added in 
parallel to the inter..!.1!Loneto decreasethe propagation delay. The value of resistance needed is a function of the capacitive loaded 
connection to Ref. Reg.The minimum value of Rthat can be used is 5.0 V/8.0 mA = 625n, assuming there are no other dc loads 
connected to that pin. 


2. If delays between tl-t5 
are less than the minimum specified, the succeeding outputs may not switch. 
3. All outputs can drive larger capacitive loads than those shown with a small decreasein speed. See Figure 1. 


R/W 
and CAS Ou' 
uts 
RAS Out 
uts 
Me, Row En, Ref En, and Ref Req Outputs 


41ncludes probe 
and jig 
capacitance. 


• 


Name 
No. 
Function 


RAS1 . 
16 
Row Address Strobe pins which connect to each of the dynamic RAMs to latch in row address on memory ch ips. 


RAS2 
15 
Decoded to 1 of 4 during R/W cycle. All 4 go low during refresh cycle. 


RAS3 
14 


RAS4 
13 


CAS 
. 
11 
Column Address Strobe pin which connects to each dynamic RAM to latch in column address. 


RM 
Out' 
10 
This pin signals the dynamic RAM whether the RAM is to be read from or written 
into. 


Row En 
9 
Row Enable output which goes to the MC3232A 
(MC3242A). 
It signals the Address Multiplexer 
that the lovwr half 
(Row Addresses) or the upper half {Column Addressesl of the address lines are to be multiplexed 
into the dynamic 


RAM address inputs. A Logic 1 on this output 
indicates the Row Addresses, and a Logic a indicates Column Addresses. 


Ref En 
8 
Refresh Enable output. A Logic 1 signals the Address Multiplexer 
that a refresh cycle is to be done. and a Logic a 
indicates that address multiplexing 
should be done. 


CE 
22 
Chip Enable Input. A Logic 1 on this pin disables all chip functions, 
except that of Refresh and the MC outP~CE 
must 
be low during t1 low to high transition 
to initiate R/W 
cycle. Once t1 is initiated, 
the cycle is independent of CEo 


RM 
In 
7 
The Read/Write input pin receives information 
from the M6800 MPU as to the direction 
of dat~ exchange in the 
dynamic RAM. It transmits a Logic 0 to the RIW output for a Write Cycle and a Logic 1 for a Read Cycle_ 


At3 
(A151 
17 
Upper Order Address lines from the M6800. These two inputs decode to four signals controlling 
the four RAS outputs. 


A121A14) 
18 
A 14 and A 15 apply to 16K RAMs. 


MC 
23 
Memory Clock input from MC6875 clock or other signal source. The rising edgeof MC must occur after the rising 
edge of t1 to avoid aborting the refresh cycle. When MC rises, it resetsan internal flag that will terminate refresh at the end 
of the current cycle. Failure to reset the flag forces the 3480 to refresh every cycle thereafter. MC can be connected to 
t2 or t3 in noncritical applications. 


Me 
1 
The buffered complement output of MC. It is a buffered output which may be used to drive the circuitry 
creating the 


time delays used on inputs t1 through t5. 


t1 
2 
These pins use external timing inputs to sequentially select the outputs to be enabled. They are positive-edge triggered 
t2 
3 
inputs. Assuming a Read/Write cycle is to be executed, a positive edge on tl 
forces a logic 0 on one of the four RAS 
t3 
4 
outputs as determined by the A 12/14, A 13/15 inputs. After a delay, a positive edge on t2 causesRow En to go to a 


t4 
5 
Logic 0, providing address-multiplexing 
information 
to the MC3232A or MC3242A. t3 enables the CAS output and it 
t5 
6 
goes low. t4 enables the R/W output and it goes low, assuming the RIW input was low. t5 resets all the outputs to a 
Logic 1 (with the exception of MC, Ref En, and Ref Reql. 
The inputs t1, t2, t3, and t5 are daisy-chained, so they must 
be sequentially driven to obtaIn the desired output signals. t4 can be driven at any time after t1. 


Ref Clk 
21 
The 32 kHz (64 kHz) Refresh Clock signals this pin that another refresh cycle is required_ It is a positive-edge triggered 
input, and upon triggering, the Ref Req pin goes to a Logic O. 


Ref Req 
20 
The Refresh Request output acts as an input to the MPU system, requesting a refresh cycle. This output 
has 


a 5 k,n pullup resistor to the VCC supply to allow wire-OR ing if desired. 


Ref Grant 
19 
Through the Refresh Grant input, the MC6875 initiates a refresh cycle. This input is positive-edge triggered and is 
enabled only after the Ref Req pin has gone low. This allows the MC3480 to discern between a Refresh Grant or a 
OMA Grant even though they appear on the same line. When employing 
both dynamic memory (refresh) and OMA 
in a microprocessor-based system with a combined Refresh/DMA 
Request control 
on the clock, provision must be 
made for holding off a DMA request during a refresh period (and visa versa). If this provision is not made, clock 
stretching (cycle stealing) will continue indefinitely 
and dynamic microprocessor data will be lost. The positive edge 
on Ref Grant causesRow En output to go low and Ref En output 
to go high. This signals the MC3232A (MC3242A) 
that a refresh address is required. The refresh cycle occurs with the succeeding pulses on t1·t5. A positive edge on tl 
causesRef Req to go high and all the RAS outputs to go low. A positive going edge on t2 causesno change in the 
outputs, since it controls the addres~ltjplexing 
(Row En) during the Read/Write cycles. There is no output change 
when t3 and t4 go high because no CAS or RIW signal is needed during refresh. A positive edge on t5 resets the RAS 
and Row En to a Logic 1 state, and Ref En to a Logic a state, ready for the next Read/Write cycle. 


VCC 
24 
+5.0 V supply. A 0.11-1Fcapacitor is recommended to bypass pin 24 to ground. 


Gnd 
12 
System Ground. 


·These outputs are designed to drive the highly capacitive inputs of multiple 
dynamic RAMs/(150 
pF for RAS outputs, and 450 pF for CAS 
and AIW outputs). 
Consequently, 
these outputs 
have no short-circuit 
limit and must be handled accordingly. 
Good high capacitance load 
driving techniques usually include a 10 n or greater series damping resistor. It is highly recommended that this be done on FfAS, CAS and 
RIW outputs of the MC3480. The effect of these series damping resistors on rise and fall times must be included in timing considerations. 


At4-At3 


At5 
- At3 


TIME DELAY 
INFORMATION 


TIMING 
REQUIREMENT 
CONSTRAINTS 


Minimum 
is determined 
by MPU Address Delay (tAO), plus RAM Row Address Set-Up Time (tASAI, 
minus MC3480 


Propagation Delay (tPT1). 


Minimum 
is determined 
by RAM Row Address Hold Time hRAH) 
minus the minimum 
MC3232A/3242A 
Row Enable to 


Output 
Oelay 
ltOOMINI. 


Minimum 
is determined 
by RAM Column Address Set-Up Time (lAse minimum) 
plus maximum 
MC3232A/3242A 
Row 


Enable 
to Output 
Delay (too 1MAX). 


No Minimurn 


Minimum 
is determined 
by RAM minimum 
CAS Pulse Width (teAS) or Access Time from CAS (tcAe) plus Data Set-Up Time 


of MPU 
ltDSRI. 


Minimum 
is determined 
by the RAM minimum 
Write Pulse Width 
(twP). 


Note: 
Also required 
in computing 
time delays are the various 
delays 
incurred 
by the particular 
delay scheme 
used; Le., delays 
between 
4 x fo• 2 x fa. and fo from the MC6875 
which 
are used as inputs 
or the gate delays of the gates used in Figures 
5A through 
5C. 


Cryst.1 
c=:::J 


(4xMPUfo) I 


TYPICAL 
APPLICATION 
16K X 8-BIT MEMORY 
SYSTEM FOR M6800 MPU 


MPU 


System 
MPU 
Clock 
MC6800 
MC6S7S 
~2 


MC 
(Mem 


Clk) 


Address 
Multiplex 


and 
Aefresh 
Count ••. 


MC3232A 
(MC3242A) 


Data 
Buffer 


MC6880A 
Memory 
Control 
and Timing 


MC3480 
• 


II 


CE 


Ref 
elk 


Ref Grant 
Low 


R/WIn: 


A12/A14 
(13) 
(15) 


Sy, 


elk 


t1 


.2 


.3 


.4 


.5 


~ 
a Don't 
care. 


NOTE 
4: 
Although 
t1 and CE are shown 
as don't 
care after 
their 
respective 
minimum 
hold 
times, 
t1 
may 
rise again 
after 
the 
initial 
rising 
edge in a R!W 
cycle 
only 
if CE is low. 
Bringing 
t1 high 
a second 
time 
during 
8 cycle 
when CE is high will 
improperly 
terminate 
the cycle. 


MOTOROLA 
LINEAR/INTERFACE 
DEVICES 


7-129 


The MC3480 uses five general timing inputs in place of 
a master clock with on-chip timing generation. This gives 
the 
system designer optimum 
flexibility 
in interfacing 
with 
the 
various 
microprocessor 
families 
and dynamic 
me mories 
that 
are available. 
In 
simpler 
slow 
speed 


systems, 
the 
timing 
signals required 
can 
be directly 
obtained from those available from the microprocessor. In 
systems 
requiring 
high 
speed memory/microprocessor 
cycle 
times, 
timing 
input 
t1-t5 
can be obtained 
using 
delay lines or a range of techniques as shown in Figures 4 
thru 
8. 
It is only 
necessary to maintain 
the time delay 
relationships shown under time delay information. 


4'0 


2'0 


Mc 


tl 
Atl 


.2 
A.2 


.3 
A.3 


.4 
A.4 


.5 
A.S 


RAS 


Row 
En 


RAM 
Address 


Inputs 


CAS 


'-:rom 
MC6875 


~ 
MC3480 
~ N :; 
RAM 


RAM 
Address 
Inputs 


From 
MC6875 
~ 
u 
0 
0 
~ 
N 
; 


From MC6875 
----- 
U 
0 
0 


::2: N 
; 


From 
MC6875 
~ 
U 
0 
0 
~ N ; 


NOTE: 
MC of MC3480 
is delayed 
by 
two gate delays after tl 
to 
satisfy MC after tl 
Hold Time, 


th(MC)- 


410 


210 


MC 


t1 


t2 
l>t2 


t3 
l>t3 


t4 
l>t4 


t5 
l>t5 


RAS 


Row En 


RAM 


Address 


Inputs 


CAS 


RIW 


Me I 


t1 


.2 


.3 


.4 


•5 


RAS 


Row 
En 


RAM 


Address 


Inputs 


CAS 


RIW 


Memorv 
Clock 


From MC6875 


or SuItable 
Clock 
Signal 


2 MC9602s 


NOTE: 
t4 can be tied 
to t3 and 
the 


4th 
l-shot 
can 
be used 


elsewhere. 


• 


NOTE: 
t4 can be tied to t3 and the 
4th delay etement can be 


eliminated. 


~ l.---At'- 


~t2- ---, 


At3f-------, 


At4- 
1..- 


--' 
I'---At5 


lro- 


I; 


AO- 
A5 
A6- 
All 


IAO-AS) 
IA7- A'3} 


1..- 


'-------~ 


RAM 
Address 
Inputs 


RAM 
Address 
Inputs 


REFRESH 
CONSIDERATIONS 
The 
MC3480/MC3232A 
(MC3242A) 
memory 
control 
system 
can 
be used 
with 
either 
cycle 
steal 
or transparent 
refresh 
methods. 
Figure 
9 shows 
one 
transparent 
tech- 


nique 
employing 
refresh 
during 
1/>2 
low 
in an 
M6800 
microprocessor-based 
system. 
Using this technique 
requires 
that 
the 
memory 
be capable 
of completing 
a ReadlWrite 
Cycle 
and a Refresh 
Cycle 
sequentially 
during 
the M6800 
cycle. 
The 
minimum 
cycle time 
at the time of printing 
for 
dynamic 
multiplexed 
RAMs 
is 320 
ns, therefore 
limiting 
the microprocessor 
to 
1.56 
MHz operation. 
The 
0 
flip- 
flops 
of 
Figure 
9 produce 
a trigger 
at the 
beginning 
of 
both 
1/>1 and 
1/>2. 
For 
a 1.0 MHz system, 
the tl-t5 
inputs 


should 
be adjusted 
for the following 
delays: 


"RAS falls at 150 ns (triggered 
by tl) 
Row En falls at 250 ns (triggered 
by t2) 
CAS, RIW falls at 300 ns (triggered 
by t3) 


t5 rises at 500 ns. 


A delay 
line could 
be used to generate 
tl-t5 
in place of 


Memory 
Clock 


From 
MC6875 


or other 
Su itable 


Clock 
Signal 


MC3480 
RAM 
Controller 


NOTE: 
Me 
of MC3480 
is delayed 
by 


two 
gate delays after 
t1 to 


satisfy Me 
after t1 Hold Time, 


'hIMe)· 


the 
four 
monostables. 
For 
the 
1.0 MHz system, 
it would 
require 
either 
two 
5 tap delay 
lines with 
50 ns per tap or a 
10 
tap 
line 
with 
50 
nsltap. 
For 
use 
with 
a 600 
kHz 
system, 
a delay 
line ",!ith 5 taps 
of 
150 ns each 
could 
be 
used. 
For this case: 
RAS falls at 150 ns 
Row En falls at 300 ns 
CAS, RIW falls at 450 ns 
t5 rises at 750 ns 


Figure 
10 shows typical 
refresh 
oscillator 
configurations 
for both 
32 kHz (fREFmin 
for4KI 
and 64 kHz (fREFmin 
for 16K). 
In the case of transparent 
refresh, 
if the designer 
is not concerned with 
power consumption, the refresh 
oscillator 
may 
be eliminated 
and the 
Ref Clk input 
con- 


nected 
to the MC input 
yielding 
a refresh 
every 
1/>1. 


For 
DMA 
operation 
combined 
with 
cycle 
stealing 
refresh, 
care 
must 
be taken 
not 
to allow 
a DMA request 
during 
a Refresh 
Request/Grant 
period 
and to hold 
off a 
refresh 
during 
a DMA operation. 
See comments 
under 
pin 
descriptions, 
Pin 19. 


1.1 


A12 
u 
A12 
RAS1 


}. 
O,••m"M_.,o, 


A13 
"g 
A13 
AAS 
2 
J 
R/W 
~ 


RIW 
In 


RAS 
3 
CE 
CE 
MC3480 


MC 
, 
MC 
RAS 
4 
III 
::> 


Ref 
Req 
CAS 
.. 
:1 


-MC8602- - l 


I 
I 
I 
I 
I 


+5 
V 


-;"C-;6~2- - -, 
I 
I 
I 
I 


"'This 
inverter 
can be eliminated 
and the clock 
input 
01 "D" 
Flip-FlOp 
#2 connected 
to Me 


on 
the 
MPU 
Bus. 
The 
inverter 
is used 
to 
provide 
minimum 
loading 
of the Me line when 


multiple 
connections 
are 
made 
to 
that 
line 
In a 


large 
system. 


® MOTOROLA 


The MC3481 and MC3485 are quad single-ended 
line drivers 
specifically designed to meet the IBM 360/370 
I/O specification 


(GA22-6974-3) 
Output levels are guaranteed over the full range of output load 
and fault conditions. 
Compliance with the IBM requirements 
for 
fault protection, flagging, and power up/power down protection for 
the bus make this an ideal line driver for party line operations. 


• 
Separate Enable and Fault Flags - 
MC3481 


• 
Common Enable and Fault Flag - 
MC3485 


• 
Power Up/Down 
Does Not Disturb Bus 


• 
Schottky Circuitry for High-Speed - 
PNP Inputs 


• 
Internal 
Bootstraps 
for Faster 
Rise 
Times 


• 
Driver Output Current Foldback Protection 


• 
MC3485 has LS Totem Pole Driver Output 


MC3481 


DUAL ENABLE 
INDIVIDUAL 
FAULT FLAG 


MC3481 
MC3485 


IBM 360/370 
QUAD 
LINE DRIVER 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


L SUFFIX 
CERAMICPACKAGE 
CASE620-10 


P SUFFIX 
PLASTICPACKAGE 
CASE648-06 - 


1 


MC3485 
COMMON ENABLE 


COMMON FAULT FLAG 


1-'4 MC3481 or 
1/4 
MC3485 
r-------, 
I 
I 
I 
I 


I 
I 
I 
I 
I 
L 
...J 


Input 0 


Fault 
Flag 


(Open 
Collector) 


117 MC751 2517 
1/8 
MC751 28/9 
r----' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 
...J 


• 


II 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power Supply Voltage 
Vee 
4.5 
5.0 
5.95 
Vdc 


High Level Output 
Current 
10H 
- 
- 
-593 
mA 


Operating 
Ambient 
Temperature 
Range 
TA 
0 
- 
+70 
°e 


ELECTRICAL 
CHARACTERISTICS 
(Unless 
otherwise 
noted. these specifications 
apply over recommended 
power supply and 


temperature 
ratings. 
Typical values measured 
at TA = 25°C 
and Vec = +5.0 V) 


MC3481 
MC3485 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


High-Level 
Input Voltage 
Note 2 
VIH 
20 
- 
- 
2.0 
- 
- 
V 


Low-Level 
Input Voltage 
Note 2 
Vil 
- 
- 
08 
- 
- 
0.8 
V 


High-Level Input Current 
IIH 
~A 


(Vee = 4.5 V. VIH = 2.7 V) - Input 
- 
- 
20 
- 
_. 
20 


Enable 
- 
- 
40 
- 
- 
80 


(Vee = 4.5 V. VIH = 5.5 V) - Input 
- 
- 
100 
- 
- 
100 


Enable 
- 
- 
200 
- 
- 
400 


Low-Level Input Current 
III 
~A 
(Vee = 5.95 V. Vil = 0.4 V) . Input 
- 
- 
-250 
- 
- 
-250 


Enable 
- 
- 
-500 
- 
- 
-1000 


Input Clamp Voltage 
Vie 
V 


(lIe = -18 
mA) 
- 
- 
-1.5 
- 
- 
-1.5 


High-Level Dover Output Voltage 
V 
IVee = 4.5 V. V,H = 2.0 V. 10H = -59.3 
mAl 
VOHIO) 
3.11 
36 
- 
3.11 
36 
- 


IVee = 5.25 V. VIH = 2.0 V. 10H = -41 mAl 
VOH(OS) 
3.9 
- 
- 
39 
- 
- 


Low-Level 
Driver Output 
Voltage 
V 


(Vee = 5.5 V. Vil = 0.8 V. IOL = -240 ~A) 
VOl(O} 
- 
- 
+0.15 
- 
- 
+0.15 


IVee = 5.95 V. Vil = 0.8 V. tOl = -1.0 
mA} 
VOl(OS} 
- 
- 
+0.15 
- 
- 
+0.15 


Driver Output 
Short Circuit Current 
mA 
IVee = 5.5 V. VIH = 2.0 V. VOS = 0 V) 
10S(O} 
- 
- 
-5.0 
- 
- 
-5.0 


IVee = 5.95 V. VIH = 2.0 V. VOS = 0 V) 
105(05) 
- 
- 
-5.0 
- 
- 
-5.0 


Driver Output Reverse Leakage Current 
~A 


IVee = 4.5 V. Vil = 0 V. Vo = 3.11 V} 
10Al 
- 
- 
+100 
- 
- 
+100 


(Vee = 0 V. Vil = 0 V. Vo = 3.11 V) 
IOA2 
- 
- 
+200 
- 
- 
+200 


High-Level Driver Output Voltage 
VOH(D) 
2.5 
3.0 
- 
V 
IVee = 4.5 V. Vil = 0.8 V. 10H = -400 ~A) 


Low-Level Driver Output Voltage 
VOl(D} 
0.5 
V 
(Vee = 4.5 V. VIH = 2.0 V. 10l = +8.0 mAl 


Driver Output Short Circuit Current 
mA 
(VCC = 5.5 V, VOS = 0 V, only one output shorted 
105(0) 
- 
- 
- 
-15 
-60 
-100 


at a time) 
IVee = 5.95 V. VOS = 0 V. only one output shorted 
105(05) 
- 
- 
- 
-15 
- 
-110 
at a time) 


High-Level Fault Flag Output Voltage 
VOH(F) 
25 
3.0 
- 
- 
- 
- 
V 
(Vee = 4.5 V. 10H = -400 ~A) 


Low-Level Fault Flag Output Voltage 
VOlIF) 
- 
- 
0.5 
- 
- 
0.5 
V 


IVee = 4.5 V. VIH = 2.0 V. 10l = +8.0 mA. 
Driver Output shorted to Ground 


Fault Flag Output Short Circuit Current 
mA 


(VCC = 5.5 V. VOS = 0 V, only one output shorted 
10S(F) 
-15 
- 
-100 
- 
- 
- 


at a time) 
(Vee = 5.95 V. VOS = 0 V. only one output shorted 
10S(i'S) 
-15 
- 
-110 
- 
- 
- 


at a time) 


High-Level Fault Flag Output Current 
10HIF) 
- 
- 
- 
- 
- 
+100 
~A 
(Vee = 5.95 V. VOH = 5.95 V) 


High-Level Power Supply Current 
mA 
(Vee = 5.5 V. VIH = 2.0 V. no output 
loading) 
leeH 
- 
50 
70 
- 
55 
75 


(Vee = 5.95 V. VIH = 2.0 V. no output 
loading) 
leeHS 
- 
- 
80 
- 
- 
85 


Low-Level Power Supply Current 
mA 
(Vee = 5.5 V. Vil = 0.8 V. no output 
loading) 
leel 
- 
35 
55 
- 
35 
55 
(Vee = 5.95 V. Vil = 0.8 V. no output 
loading) 
leCLS 
- 
- 
70 
- 
- 
70 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
+7.0 
V 


Input Voltage 
VI 
10 
V 


Driver Output Voltage 
Va 
5.5 
V 


Power Dissipation 
(Package limItation) 
Cera mic Package 
Po 
1150 
mW 


Plastic Package 
962 
Derate Above TA:: 25°C 
1/ROJA 
7.7 
mW/oC 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +70 
°c 


Junction 
Temperature 
Ceramic Package 
TJ 
+175 
°c 


Plastic Package 
+150 


Storage Temperature 
Range 
Tstg 
-65 to +' 50 
°c 


SWITCHING CHARACTERISTICS 
(See Note 1 Unless otherwise 
noted, these specifications 
apply over recommended 
temperature 
range. I/O Driver characteristics 
are guaranteed 
for VCC = 5.0 V ± 10% and Select-Out 
Driver characteristics 
are guaranteed 
for VCC = 5.25 
to 5.95 V. Typical values measured at TA:: 25°C and VCC:: 5.0 V. See Tables 1 and 2, Figures 1 and 2 for load conditions.) 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Propagation 
Delay Time 
ns 


High-to-Low-Level, 
Driver Output 
As 1/ 0 Driver 
tpHLIOI 
- 
18 
- 
As Select-Out 
Driver 
tpHLIOSI 
- 
'9 
- 


Low-to-High-Level. 
Driver Output 


As I/O Driver 
tpLHIOI 
- 
20 
- 
As Select-Out 
Driver 
tPLH(OSI 
- 
21 
- 


High·to·Low-Level, 
Driver Output 
As I/O 
Driver 
tPHLID) 
- 
25 
- 
As Select-Out 
Driver 
'PHLIDSI 
- 
26 
- 


Low-to-High-level. 
Driver Output 
As I/O 
Driver 
tPLHIDI 
- 
25 
- 
As Select-Out 
Driver 
tPLHIDSI 
- 
26 
- 


High-to·Low-Level, 
Fault Flag - 
MC3481 


As I/O Driver 
tPHLIFI 
- 
45 
- 
As Select-Out 
Driver 
tPHLIFS) 
- 
47 
- 


Low-to-High-LeveL 
Fault Flag - 
MC3481 
As I/O 
Driver 
tPLHIFI 
- 
40 
- 
As Select-Out 
Driver 
tPLHIFSI 
- 
42 
- 


Ratio of Propagation 
Delay Times 
tpLHIOI 
- 
1.0 
- 


As I/O 
Driver 
tPHL(OI 


Note 1. ReferenceIBM specification'GA22-6974-3for test terminology. 


2. The fault protection circuitry of the MC3481185requiresrelativelyclean input voltagewaveforms for current operation.Noise pulseswhich enter the 
threshold region (0.8 to 2.0 V) may causethe output to enter the fault protect mode. To exit the protect mode, it is necessaryto gate an input of the 
effected driver to the low logic state. 


II 


&I 


Driver Output 


CL = 50 pF 
I 
+5.0V 


- 
2.0 k 


Table 
Driver Application 


1 
I/O 
Select-Out 


VOH 
3.11 V 
3.9 V 


Input Frequency 
5 MHz 
1 MHz 


Input Pulse Width 
100 ns 
500 ns 


Input Amplitude 
o V to 4 V 
o V to 4 V 


Input tTLH 
~6 ns 
~ 6 ns 


Input tTHL 
:S;;6 ns 
~6 
ns 


Load Resistance 
(RU 
50 
90 


tPLH(F) 


tPLH(FS) 


] 


Onvar 
Short 
Circuit 
Operation 


• Load Capacitance shown includes 


Fixture and Probe Capacitance 
:I:See Table 2 


RL = 2.0 k 


(All Diodes 
are MMD7000 
or equivalent) 


Table 
Driver Application 


2 
I/O 
Select-Out 


VOH 
3.11 V 
39V 


Input Frequency 
5 MHz 
1 MHz 


Input Pulse Width 
100 ns 
500 ns 


Input Amplitude 
o V to 4 V 
o V to 4 V 


Input tTLH 
~6 
ns 
~6 
ns 


Input tTHL 
~6 
ns 
~6 
ns 


Load Resistance 
(RLl 
50 
90 


Fault Flag Output 
:J: CL = 15 pF* 


~ 


Driver 
Short 
Circuit 
Operation 


• 


® MOTOROLA 


Motorola's 
Quad EIA-422/3 Receiver features four independent 
receiver chains which comply with EIA Standards forthe 
Electrical 
Characteristics 
of Balanced/Unbalanced 
Voltage 
Digital 
Interface 
Circuits. 
Receiver outputs 
are 74LS compatible, 
three-state 
struc- 
tures which are forced to a high impedance 
state when the appro- 
priate output 
control 
pin reaches a logic zero condition. 
A PNP 
device buffers each output control 
pin to assure minimum 
loading 
for either logic one or logic zero inputs. 
In addition, 
each receiver 
chain 
has internal 
hysteresis 
circuitry 
to improve 
noise margin 
and discourage 
output 
instability 
for slowly 
changing 
input wave- 
forms. 
A summary 
of MC3486 features 
include: 


• 
Four Independent 
Receiver Chains 


• 
Three-State 
Outputs 


• 
High Impedance 
Output 
Control 
Inputs 


(PIA Compatible) 


• 
Internal Hysteresis 
- 30 mV (Typ) @ Zero Volts Common 
Mode 


• 
Fast Propagation 
Times 
- 25 ns (Typ) 


• 
TTL Compatible 


• 
Single 5.0 V Supply 
Voltage 


• 
DS 3486 Provides 
Second Source 


Three-State 


Control 


Input 


QUAD 
EIA-422/3 
LINE RECEIVER 
WITH 
THREE-STATE 
OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620-'0 


D SUFFIX 
PLASTIC 
PACKAGE 


CASE 75' 8-03 
SO-'6 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-06 


Output 


A 
3·5tat_ 


Control 
AlC 
Output 


B 


3-$t8t. 


12 
Control 


B/D 


ORDERING 
INFORMATION 


DEVICE 
ITEMPERATURE 
RANGE I PACKAGE 


MC3486L 
o to +70oC 
Ceramic 
DIP 
MC34B6P 
o to +70oC 
PI.,tic 
DIP 


Roting 
Symbol 
V.lue 
Unit 


Power Supply 
Voltage 
VCC 
8.0 
Vdc 


Input Common 
Mode Voltage 
VICM 
±15 
Vdc 


Input 
Differential 
Voltage 
VID 
±25 
Vdc 


Three-State 
Control 
Input 
Voltage 
VI 
8.0 
Vdc 


Output 
Sink Current 
10 
50 
mA 


Storage Temperature 
T"g 
-65 to +150 
°c 


Operating 
Junction 
Temperature 
TJ 
uc 


Ceramic 
Package 
+175 


Plastic Package 
+150 


Rating 
Symbol 
Value 
Unit 


Power Supply 
Voltage 
VCC 
4.75 to 5.25 
Vdc 


Operating 
Ambient 
Temperature 
TA 
o to +70 
°c 


Input Common Mode Voltage Range 
VICR 
-7.0 to +7.0 
Vdc 


Input 
Differential 
Voltage 
Range 
VIDR 
6.0 
Vdc 


ELECTRICAL CHARACTERISTICS (Unless 
otherwise 
noted 
minimum 
and maximum 
limits 
apply 
over 
recommended 
temperature 
and power 
supply 
voltage 
ranges. 
Typical 
values 
are for TA 
~ 25"C, VCC ~ 
5.0 V and VIK = 0 V. 
See Note 
1.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Voltage 
- 
High 
Logic 
State. 
VIH 
2,0 
- 
- 
V 
(Three-State 
Control) 


Input 
Voltage 
- 
Low 
Logic 
State 
VIL 
- 
- 
0.8 
V 
(Three-State 
Control) 


Differential 
Input 
Threshold 
Voltage, 
Note 
2 
VTH(D) 
V 
(-7.0 
V'" 
VIC '" 7.0 V, VIH = 2.0 V) 
(10 = -0.4 
mA, 
VOH '" 2.7 V) 
- 
- 
0.2 
(10 = 8.0 mA, 
VOL'" 
0.5 V) 
- 
- 
-0,2 


Input 
Bias Current 
IIB(D) 
mA 
(VCC = 0 V or 5.25) (Other 
Inputs 
at 0 V) 
(VI ~ 
-10V) 
- 
- 
-3.25 
(VI = -3.0 
V) 
- 
- 
-1.50 
(VI ~ 
+3.0 
V) 
- 
- 
+1.50 
(VI = +10V) 
- 
- 
+3.25 


Input 
Balance 
and Output 
Level 
V 
(-7.0 
V '" VIC '" 7.0 V, VIH = 2.0 V, Note 3) 
(10 ~ 
-0.4 
mA, VID 
~ 0.4 V) 
VOH 
2.7 
- 
- 
(10 ~ 8.0 mA, VID = -0.4 
V) 
VOL 
- 
- 
0.5 


Output 
Third 
Stale 
Leakage 
Current 
tOl 
JLA 
(VI(D) 
~ 
+3.0 
V, VIL = 0.8 V, VOL 
~ 0.5 V) 
- 
- 
-40 
(VI(D) 
= -3.0 
V, VIL = 0.8 V, VOH = 2.7 V) 
- 
- 
40 


Output 
Short-Circuit 
Current 
10S 
-15 
- 
-100 
mA 
(VI(DI 
= 3.0 V, VIH = 2.0 V, Vo 
= 0 V, Note 4) 


Input 
Current 
- 
Low 
Logic 
State 
(Three-State 
Control) 
IlL 
- 
- 
-100 
JLA 
(VIL = 0.5 V) 


Input 
Current 
- 
High 
Logic 
State 
(Three-State 
Control) 
IIH 
p.A 
(VIH 
~ 2.7 V) 
- 
- 
20 
(VIH = 5.25 V) 
- 
- 
100 


Input 
Clamp 
Diode 
Voltage 
(Three-State 
Control) 
VIK 
- 
- 
-1.5 
V 
(11K ~ 
-10 
mAl 


Power 
Supply 
Current 
ICC 
- 
- 
85 
mA 
(VIL ~ 2.0 V) 


NOTES: 
1. All currents into device pins are shown as positive. out of device pins are negative. All voltages referenced to ground unless otherwise noted. 
2. Differential input threshold voltage and guaranteed output levels are done simultaneously for worst case. 
3. Refer to EIA-42213for exact conditions. Input balance and guaranteed output levels are done simultaneously for worst case. 
4. Only one output at a time should be shorted. 


• 


• 


_ ...~ 


t-'ropagation 
Delay Time - 
Differential 
ns 
Inputs 
to Output 
(Output 
High to Low) 
tPHLlO) 
- 
- 
35 
(Output 
Low to High) 
tpLH(O) 
- 
- 
30 


Propagation 
Delay time 
- 
Three·State 
ns 
Control 
to Output 
(Output Low to Third State) 
tpLZ 
- 
- 
35 
(Output 
High to Third St8te) 
tpHZ 
- 
- 
35 
(Output 
Third 
Stata 
to High) 
tPZH 
- 
- 
30 
(Output 
Third 
Stata 
to Low) 
tpZL 
- 
- 
30 


Propagation 
Delay 
Olfferentlal 
Input 
to 
Output 


To Scope 
(Output) 


Input Pulse Characteristics 


tTLH 
- tTH L = 6.0 ns (10% to 90%) 


PRR 
- 
1.0 MHZ, 
50% 
Duty 
Cvcle 


tPLZ 


3.0V~ 
Input 
1.5 V 
1.5 V 
o V - - 
SWl Closed 
~ r- tpLZ 
SW2 
Closed 


"".3V~ 
Output 
VOL 
0.5 
V 
---l-;p-;H- 
---oV 


3'OV~ 
Input 
1.5 
V 
1.6 
V 
SWl 
Open 
ov~--- 
SW2Closed 
tpZH 
VOH 
1.5 V 
OV--- 


r 
CL""15PF 


_ 
(Includes 
Probe 
- 
and Stray 


Capacitance) 


3-St8te 
Control 


+5.0 V 
-------. 
All 
Diodes 
lN916 
or 


Equivalent 


CL = 15 pFI 
(Includes 


Probe 
and Stray 
_ 
Capacitance, 
- 


3.0 
V 
Eln 
1.5 VI SWl 
Closed 


o V 
- 
- 
SW2 
Closed 
VOH~tLO:::z 
- 
Eout 
~- 


"tl1.3V--- 
---------OV 


tpZL 
3.0 
V 
Input 
1.5 V 
SW1 Closea 
o V - - 
SW2 Open 


"tl5.0 
V _ VBE~PZL 


Output 
1.5 V 


VOL --------OV 


® MOTOROLA 


QUAD LINE DRIVER WITH 
THREE-STATE OUTPUTS 


Motorola's 
Quad 
EIA-422 Driver 
features 
four 
independent 
driver chains which comply with EIA Standards for the Electrical 
Characteristics 
of Balanced Voltage Digital Interface Circuits. The 
outputs 
are three-state 
structures 
which 
are forced 
to a high 
impedance state when the appropriate 
output control pin reaches 
a logic zero condition. 
All input pins are PNP buffered to minimize 
input loading for either logic one or logic zero inputs. In addition, 
internal 
circuitry 
assures a high impedance 
output 
state during 
the transition 
between 
power 
up and power down. A summary 
of MC34B7 features include: 


• 
Four Independent 
Driver Chains 


• Three-State 
Outputs 


• 
PNP High Impedance 
Inputs (PIA Compatible) 


• 
Fast Propagation 
Times (Typ 15 ns) 


• TIL 
Compatible 


• 
Single 5 V Supply Voltage 


• 
Output Rise and Fall Times Less Than 20 ns 


• 
DS 3487 Provides Second Source 


QUAD 
EIA-422 
LINE DRIVER 
WITH 
THREE-STATE 
OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
- 


I 
- 


, 
I 


16 
1 
I 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620-10 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
7516-03 
SO-16 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


Input A 
1 


Outputs 
A{~ 


Ala 
Control 
.• 


Outputs 
B {: 


Input 
B 
7 


Gnd 
8 


16 
VCC 


15 Input 0 


:~} Outputs 
0 


12 C/O Control 


::~ Outputs C 


9 
Input 
C 


TRUTH TABLE 


Control 
Non-Inverting 
Inverting 
Input 
Input 
Output 
Output 


H 
H 
H 
L 


L 
H 
L 
H 


X 
L 
Z 
Z 


L ::::Low Logic State 


H = High Logic State 


X = Irrelevant 


Z ::::Third-State 
(High Impedance) 


R.ting 
Symbol 
V.lu. 
Unit 


Power 
Supply 
Voltage 
VCC 
8.0 
Vdc 


Input 
Voltage 
VI 
5.5 
Vdc 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +70 
°c 


Operating 
Junction 
Temperature 
Range 
TJ 
°c 
Ceramic 
Package 
175 
Plastic 
Package 
150 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


ELECTRICAL 
CHARACTERISTICS 
(Unlessotherwise noted specifications apply 4.75 V" 
VCC " 5.25 V and OoC" TA" 
70°C. 


TYPIcal values measured 
at VCC '" 5.0 V. and T A'" 
2SoC,) 


Ch.racteristic 
Symbol 
Min 
Typ 
M•• 
Unit 
Input 
Voltage 
Low Logic State 
VIL 
- 
- 
0.8 
Vdc 


Input 
Voltage 
- 
High Logic State 
VIH 
2.0 
- 
- 
Vdc 


Input 
Current 
Low Logic State 
IlL 
- 
- 
-400 
"A 
(VIL: 
0.5 VI 


Input 
Current 
- 
High Logic State 
IIH 
"A 


(VIH : 2.7 VI 
- 
- 
+50 
IVIH: 
5.5 VI 
- 
- 
+100 


Input 
Clamp 
Voltage 
VIK 
- 
- 
-1.5 
V 


IIIK:-18 
mAl 


Output 
Voltage 
- 
Low Logic State 
VOL 
- 
- 
0.5 
V 
(IOL :48 
mAl 


Output 
Voltage 
- 
High Logic State 
VOH 
2.5 
- 
- 
V 


1I0H : -20 mAl 


Output 
Short-Circuit 
Current 
105 
-40 
- 
-140 
mA 


(VIH ~ 2.0 V, Note 11 


Output 
Leakage 
Current 
- 
Hi·Z State 
10LIZI 
"A 
IVIL: 
0.5 V. VILlZI: 
0.8 VI 
- 
- 
, 100 


IVIH: 
2.7 V. V'L1ZI: 
0.8 VI 
- 
- 
,100 


Output 
Leakage 
Current 
- 
Power 
OF F 
'OL(ottl 
"A 


1VOH: 
6.0 V, VCC: 
0 VI 
- 
- 
+100 
(VOL: 
-0.25 V, VCC : 0 VI 
- 
- 
-100 


Output Offset Voltage Difference INote 21 
VOS- VOS 
- 
- 
'0.4 
V 


Output 
Differential 
Voltage 
(Note 
2) 
VOD 
2.0 
- 
- 
V 


Output 
Differential 
Voltage 
Difference 
(Note 
2) 
I~VODI 
- 
- 
to.4 
V 


Power 
Supply 
Current 
mA 


(Control 
Pins 
= Gnd, 
Note 
3) 
ICCX 
- 
- 
105 
IControl Pins = 2.0 VI 
ICC 
- 
- 
85 


Notes: 1. Only one output may be shorted at a time. 
2. See EIASpecification EIA-422for exact test conditions. 
3. Circuit in three-state 
condition. 


Characteristic 
Symbol 
Min 
Typ 
M•• 
Unit 


Propagation 
Delay Times 
ns 
High to Low Output 
tpHL 
- 
- 
20 


Low to High Output 
tPLH 
- 
- 
20 


Output 
Transition 
Times 
- 
Differential 
ns 
High to Low Output 
tTHL 
- 
- 
20 


Low to High Output 
tTLH 
- 
- 
20 


Propagation 
Delay - 
Control 
to Output 
ns 
(AL: 
200 n, CL: 
50 pFI 
tPHZIEI 
- 
- 
25 
IAL : 200 n, CL : 50 pFI 
tp·LZIEI 
- 
- 
25 
IAL : 
00, CL • 50 pFI 
tPZHIEI 
- 
- 
30 
IAL • 200 n, CL : 50 pFI 
tPZLIEI 
- 
- 
30 


Inv 


Pulse generator 
characteristics 
Output 


Zo - 
50 n 


PRR"" 
1.0 
MHz 


I 


CL 


_ 
50 pF 


j 
VOH 


~ 


~V 
,.,5V 


tPLZIEI 
~~'5V 


TO' 


SV 


VOL 


OV 


Zo = 50 n 


PAR 
Z' 1.0 
MHz 


50% Duty 
Cycle 


tTLH. 
tTHL 
" 5 os 


• 


Pulse generator 
characteristics 
20:: 
50 n 


PAA 
= 1.0 MHz 


50% 
Dutv 
Cvcle 


tTLH. 
tTHL" 
5 ns 


Scope 


Output 
(Differential) 


TeL 
-=- 
CL 
includes 
probe 
and jig capacitance 


=<~ 60 
>-z~ 50 
~" 
u 
40 
>- 


~ 30 
~ 20 


10 


0 
0 
1.0 
2.0 
3.0 


VOH. 
OUTPUT 
VOLTAGE 
(VOL 
TSI 


Input 
~-3.ev 


---I 
Lev 


=< 
70 
oS 
~ 
60 
, 


>-z 
50 
~~ 
B 
40 
~ 
z;;; 
30 
>-" 
>- 
20 
" 
0.:. 


10 
0 


I 
VCCo5.OV 
I------ 


(Tvpical) 
TA '"25°C 


I/ 
/ 
/ 
- 
f-/ 


® MOTOROLA 


The MC3488A dual single-ended 
line driver has been designed 
to satisfy the requirements 
of EIA standards EIA-423 and EIA-232C, 
as well as CCITT X.26, X.28 and Federal Standard 
FIDS1030. It is 
suitable 
for use where 
signal wave shaping 
is desired 
and the 
output load resistance is greater than 450 ohms. Output slew rates 
are adjustable 
from 1.0 /LS to 100 /LS by a single external resistor. 


Output 
level and slew rate are insensitive 
to power supply 
vari- 
ations.lnput 
undershoot 
diodes limittransients 
below ground and 
output current 
limiting 
is provided 
in both output 
states. 
The MC3488A has a standard 
1.5 V input 
logic threshold 
for 
TTL or NMOS compatibility. 


• 
PNP Buffered 
Inputs to Minimize 
Input Loading 


• 
Short Circuit Protection 


• 
Adjustable 
Slew Rate Limiting 


• 
MC3488A Equivalent 
to 9636A 


• 
Output 
Levels and Slew Rates are Insensitive 
to Power 
Supply Voltages 


• 
No External Blocking 
Diode Required for VEE Supply 


• 
Second Source !LA9636A 


DUAL 
EIA-423/EIA-232C 
DRIVER 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


~ 


P1SUFFIX 
PLASTIC PACKAGE 
CASE 626-05 
8 
1 
D SUFFIX 
8. 
PLASTIC PACKAGE 


8~ 


1 
CAS~~_~1-02 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693-02 
1 


f==~ 


•• 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltages 
VCC 
+15 
V 


VEE 
-15 


Output 
Current 
mA 
Source 
10. 
+150 
Sink 
10- 
-150 


Operating 
Ambient 
Temperature 
TA 
o to 
+ 70 
°c 


Junction Temperature Range 
TJ 
°C 
Ceramic 
Package 
175 
Plastic 
Package 
150 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
°c 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Voltages 
VCC 
10.8 
12 
13.2 
V 


VEE 
-13.2 
-12 
-10.8 


Operating 
Temperature 
Range 
TA 
0 
25 
70 
°C 


Wave 
Shaping 
Resistor 
RWS 
10 
- 
1000 
kO 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input 
Voltage 
- 
Low 
Logic 
State 
VIL 
- 
- 
0.8 
V 


Input 
Voltage 
- 
High 
Logic 
State 
VIH 
2.0 
- 
- 
V 


Input 
Current 
- 
Low 
Logic State 
IlL 
-80 
- 
- 
p.A 


(VIL = 0.4 V) 


Input 
Current- 
High 
Logic 
State 
p.A 


(VIH = 2.4 V) 
IIH1 
- 
- 
10 
(VIH 
~ 
5.5 V) 
IIH2 
- 
- 
100 


Input 
Clamp 
Diode 
Voltage 
VIK 
-1.5 
- 
- 
V 
(11K = -15 
mAl 


Output 
Voltage 
- 
Low 
Logic 
State 
VOL 
V 
(RL ~ 
00) 
EIA-423 
-6.0 
- 
-5.0 
(RL ~ 3.0 kO) 
EIA-232C 
-6.0 
- 
-5.0 
(RL = 4500) 
EIA-423 
-6.0 
- 
-4.0 


Output 
Voltage 
- 
High 
Logic 
State 
VOH 
V 
(RL = 
00) 
EIA-423 
5.0 
- 
6.0 
(RL ~ 3.0 kO) 
EIA-232C 
5.0 
- 
6.0 
(RL = 4500) 
EIA-423 
4.0 
- 
6.0 


Output 
Resistance 
RO 
- 
25 
50 
0 
(RL '" 450 0) 


Output 
Short-Circuit 
Current 
(Note 
2) 
mA 
(Vin = Vout 
~ 0 V) 
JOSH 
-150 
- 
-15 
(Vin = VIHIMin), 
Vout 
= 0 V) 
10SL 
+15 
- 
+150 


Output 
Leakage 
Current 
(Note 
3) 
lox 
-100 
- 
100 
p.A 


(VCC = VEE = OV, 
-6.0V 
"'Va 
'" 6.0 V) 


Power Supply 
Currents 
ICC 
- 
- 
+18 
mA 
(RW 
~ 
100 kO, RL = 
00, VIL '" Vin '" VIH) 
lEE 
-18 
- 
- 


Note 1: Devices should not be operated at these values. The "Electrical Characteristics" provide conditions for actual device operation. 


2: One output shorted at a time. 
3: No VEe diode required. 


TRANsmON 
TIMES (Unless otherwise noted, CL = 30 pF, f = 1.0 kHz, VCC = -VEE 
= 12.0 V ± 10%, TA = 2SoC,RL = 450 
n. Transition 
times 
measured 
10% to 90% and 90% to 10%) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


Transition Time, Low-to-High State Output 
tTLH 
JLS 


(RW = 10 kl1) 
0.8 
- 
1.4 
(RW = 100 kl1) 
8.0 
- 
14 
(RW = SOOkl1) 
40 
- 
70 
(RW = 1000 kl1) 
80 
- 
140 


Transition Time. High-to-Low State Output 
trHL 
JLS 


(RW = 10 kl1) 
0.8 
- 
1.4 
(RW = 100 kl1) 
8.0 
- 
14 
(RW = SOOkl1) 
40 
- 
70 
(RW = 1000 kl1) 
80 
- 
140 


To 
VCC 
Scope 
(Inputl 


MC3488A 


Pulse 
50 


Generator 
RWS 
f = 1.0 kHz 
Pw=500JLS 
= 
VEE 


3.0V / 


Input 


OV 


VOH 
-Ff 


OV 
Output 


VOL .,.,~L~~ 


To 
Scope 
(Output) 


CL 
(Includes 
Probe and Jig 
Capacitance) 


~ 
Note: Input Rise 
, 
and Fall Times 
~------- 
-\:-, 
<""' • 


• 


O"C 
TA 
250C 


I 
700C 


I 
I 


f-- 
VCC~12V 


f----- 


VEE = 
-12 
V 
f----- 


RWS ~ 
100 kil 
f-- 
f-- 
RL ~ 
45O~ 


in 
4.0 
~ 
~ 
2.0 
w 


~5 -2.0 
5 
~ -4.0 
,} 


-6.0 


50 


40 


30 


]' 
20 
•..• 
10 
i 
0 
::>5 -10 


l= -20 
::> 
"'.-30 
J-40 


-50 


-10 
- 8.0 
- 6.0 
- 4.0 
- 2.0 
0 
2.0 
4.0 
6.0 
8.0 
10 


YOU!' OUTPUT 
VOLTAGE (VOLTS) 


I 


Vin 
~ 
VIHIMinl 
-= 
r 
I 
TA ~125'C 
I 
II 
VCC = 12 V 
VEE = 
-12V 
I 
RWS = 100 In 


I 
I 
I 
I 
I 
I 
Vin 
- 
0 V 
I 
I 


12.0 
10.0 
]' 
8.0 


~ 
6.0 


::: 
4.0 
a 
2.0 


~ 
0 
~ -2.0 
~ -4.0 
~-6.0 


-8.0 


-10.0 


-12.0 


I 
I 


III 


Vin = 0 V, Vin = VIH 


I 
ICC 


Vcc 
- 
12 V 


VEE = 
-12V 
RWS = 100 kil, RL ~ 
00 


I 


I 


Vin 
I OV 


I 
lEE 


Vin 
VIH 


I 


0.10 


0.08 


0.06 


~ 
0.04 


~ 
0.02 


::> 
0 
u 
'3 - 0.02 


~ -0.04 
o 
"; -0.06 
.2 


-0.08 


-0.10 


- 
10 
- 8.0 
- 6.0 
- 4.0 
- 2.0 
0 
2.0 
4.0 
6.0 
8.0 
10 


Vout, OUTPUT 
VOLTAGE (VOLTS) 


Vcc 
~ 
VEE ~ 
Vin = 0 V 
TA ~ 
25'C 


INo diode 
required 


at VEE Pin.) 


100 


1 
~ 
F= 
i 


10 


'"i 
~ 


== 
VCC 
12 V 
- 
VEE 
12 V 
- 
CL 
30 pF 
" 
I 
I 
~ 
TA ~ 
O'C, 70'C 
flY 
~ 


TA 
25'C 


IP', 
., 
V 


® MOTOROLA 


Specifications 
and Applications 
Information 


Intended to supply the non·overlapping 
<1>1 and <1>2 clock signals 
required by the microprocessor, this clock generator is compatible 
with 
1.0, 
1.5, and 2.0 MHz versions of 
the MC6800. 
80th 
the 


oscillator 
and high capacitance driver elements are included along 
with 
numerous 
other 
logic 
accessory functions 
for 
easy system 


expansion. 
Schottky technology isemployed for high speed and PNP·buffered 
inputs are employed for NMOS compatibility. 
A single +5 V power 
supply, and a crystal or RC network 
for frequency determination 
are required. 


MC6875 
MC6875A 


M6800 TWO·PHASE 
CLOCK GENERATOR/DRIVER 


SCHOTTKY 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620-10 


Xl 
Vcc 


ADDRESS 
X2 
MPU</>l 


AND 
Ext 
In 
Reset Output 


CONTROL 
4 x fo 
MPU 
</>2 


BUS 
2 x fa 
Power-On 
Reset 
Memory 
OMA/Aef 
Grent 
Ready 
Bus</>2 
DMA/Ref 
Aeq 


Ground 
Memory 
Clock 


ORDERING INFORMATION 
Device 
I 
Temperatur. Range 
I 
Pack ••• 
MC6875L 
I 
o to +70oC 
I 
Ceramic 


MC6875AL I 
-55 to +1250C 
DIP 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VcC 
+7.0 
Vdc 


Input Voltage 
VI 
+5.5 
Vdc 


Operating 
Ambient 
Temperature 
Range 
TA 
°c 
MC6875L 
o to +70 
MC6875AL 
-55 to +125 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Operating Junction Temperature 
TJ 
175 
°c 


NOTE: 
Operation of the MC6875AL over the full military 
temperature range (to maximum TAl will result in 
excessive operating junction temperature. 


The use ofa clip on 16pin heat sinksimilartoAAVID 
Engineering, Inc., Model 5007 (R9CA :: 1aaCIW) is 
recommended above TA 
AI' 95"C. 


Contact AAVIO Engineering, Inc. 
30 Cook Court 
Laconia, New Hampshire 03246 
Tel. {6031524-4443 


Rating 


Power Supply Vo.ltage 


Operating Ambient 
Temperature 
Range 


ELECTRICAL 
CHARACTERISTICS 
(Unless otherwise 
noted specifications apply over recommended 
power supply and temperature 
ranges. 


Typical 
values measured at VCC = 5.0 V and T A = 250C.1 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage - 
High Logic State 
MPU ¢1 and 4>2Outputs 
V 
1VCC: 4.75 V,IOHM: 
-200 uAI 
VOHM 
VCC - 0.6 
- 
- 


1VCC: 
5.25 V,IOHMK· 
+5.0 mAl 
VOHMK 
- 
- 
VCC+1.O 
Bus </J 2 Output 
V 


1VCC' 
4.75 V,IOH8 
= -10 mAl 
VOH8 
2.4 
- 
- 


1VCC = 5.25 V, IOH8K: 
+5.0 mAl 
VOH8K 
- 
- 
VCC + 1.0 
4 x fa Output 
V 
1VCC· 4.75 V, VIH· 
2.0 V,IOH4X 
= -500 uAI 
VOH4X 
2.4 
- 
- 


2 ~ fo, DMA/Refresh 
Grant and Memory 
Clock Outputs 
VOH 
2.4 
V 
(VCC: 
4.75 V,IOH 
= -500 uAI 


Reset Output 
VOHA 
2.4 
- 
- 
V 


{VCC = 4.75 V, VIH = 3.3 V, 10HA = -100 uAI 


Output 
Voltage 
- 
Low Logic State 
MPU 4>1and 4>2Outputs 
V 


{VCC = 4.75 V,IOLM 
= +200 I'M 
VOLM 
- 
- 
0.4 


{VCC' 
4.75 V, 10LMK 
= -5.0 mAl 
VOLMK 
- 
- 
-1.0 


Bus 4>2 Output 
V 
1VCC = 4.75 V, IOL8 = +48 mAl 
VOL8 
.- 
- 
0.5 


IVCC: 
4.75 V,IOL8K 
= -5.0 mAl 
VOL8K 
- 
- 
-1.0 
4 x to Output 
V 
1VCC: 
4.75 V, VIL 
= 0.8 V,IOL4X: 
16 mAl 
VOL4X 
- 
- 
0.5 
2 x fo, DMA/Refresh 
Grant and Memory 
Clock Outputs 
VOL 
0.5 
V 
~CC 
= 4.75 V, 10L : 16 mAl 
Reset Output 
VOLA 
- 
- 
0.5 
V 
1VCC = 4.75 V, VIL 
= 0.8 V, 10LA· 
3.2 mAl 


Input Voltage 
- 
High Logic State 
V 
Ext. In. Memory 
Ready and DMA/Refresh 
Request Inputs 
VIH 
2.0 
- 
- 


Input Voltage 
- 
Low Logic State 
V 
Ext. In, Memory 
Ready and DMA/Refresh 
Request Inputs 
VIL 
- 
- 
0.8 


I nput Thresholds 
Power-On Reset Input 
(See Figure 2) 
V 
Output 
Low to High 
VILH 
- 
2.8 
3.6 
Output 
High to Low 
VIHL 
0.8 
1.4 
- 


Input Clamp Voltage 
MC6875L 
VIK 
- 
- 
-1.0 
V 
(VCC· 
4.75 V, IIC: 
-5.0 mAl 
MC6875AL 
- 
- 
-1.5 


Input Current 
High Logic State 
Ext. In, Memory 
Ready and DMA/Refresh 
Request Inputs 
IIH 
- 
- 
25 
I'A 
{VCC = 4.75 V, VIH = 5.0 VI 
Povver.()n Reset 
IIHA 
- 
- 
50 
I'A 
IVCC' 
5.0 V, VIHA 
= 5.0 VI 


Input Current 
Low Logic State 
Ext. In, Memory 
Ready and DMA/Refresh 
Request Inputs 
IlL 
- 
- 
-250 
I'A 
{VCC = 5.25 V. VIL 
·0.5 
VI 
Povver.()n R"et 
Input \ 
IILA 
- 
- 
-250 
I'A 
(VCC' 
5.25 V. VIL 
: 0.5 VI 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Power Supply Currents 


(VCC = 5.25 V, fose = 8.0 MHz, VIL 
= 0 V, VIH = 3.0 VI 
Normal Operation 
ICCN 
- 
- 
150 
mA 
(Memory Ready and DMA/Refresh 
Request Inputs at 


High Logic State) 
Memory Ready Stretch Operation 
ICCMR 
- 
- 
135 
mA 
(Memory Ready Input at Low Logic State; 
OMA/Refresh 
Request Input at High Logic State 1 


DMA/Refresh 
Request Stretch Operation 
ICCDR 
- 
- 
135 
mA 
(Memory Ready Input at High Logic State; 
DMA/Refresh 
Request Input at Low Logic State) 


SWITCHING 
CHARACTERISTICS 


(These specifications apply whether the Internal Oscillator (see Figure 91 or an External Oscillator is used (see Figure 101. 
Typical values measured at VCC '" 5.0 V, TA '" 250C, fa'" 
1.0 MHz (see Figure 8), 


Output Period (Figure 3) 
to 
500 
ns 


Pulse Width 
(Figure 3) 
tPWM 
ns 


(fo = 1.0 MHzl 
400 
- 
- 


(fo = 1.5 MHz) 
230 
- 
- 


(fo = 2.0 MHz) 
180 
- 
- 


Total Up Time (Figure 31 
tUPM 
ns 


(fo = 1.0 MHz) 
900 
- 
- 


(fo = 1.5 MHzl 
600 
- 
- 


(fo = 2.0 MHzl 
440 
- 
- 


Delay Time Referenced to Output Complement (Figure 3) 
Output High to Low State (Clock Overlap at 1.0 V I 
tpLHM 
0 
- 
- 
ns 


Delay Times Referenced to 2)( 
fa {Figure 4 MPU rfJ2 onlyl 
Output Low to High Logic State 
tPLHM2X 
- 
- 
85 
ns 
Output High to Low Logic State 
tpHLM2X 
- 
- 
70 
ns 


Transition Times (Figure 3) 
Output 
Low to High Logic State 
tTLHM 
- 
- 
25 
ns 
Output High to Low Logic State 
tTHLM 
- 
- 
25 
ns 


Pulse Width - 
Low Logic State (Figure 41 
tPWLB 
ns 
(fo = 1.0 MHz) 
430 
- 
- 
(fo = 1.5 MHz) 
280 
- 
- 
(fo = 2.0 MHz) 
210 
- 
- 


PulseWidth - 
High Logic State 
tpWHB 
ns 
(fo = 1.0 MHz) 
450 
- 
- 


Ifo = 1.5 MHz) 
295 
- 
- 


(fo = 2.0 MHz) 
235 
- 
- 


Delay Times - 
(Referenced to MPU 4>1)(Figure 4) 
Output 
Low to High Logic State 
tpLHBM1 
ns 


(fo = 1.0 MHz) 
480 
- 
- 


Ifo = 1.5 MHz) 
320 
- 
- 
(fo = 2.0 MHz) 
240 
- 
- 


Output High to Low Logic State 
tpHLBM1 
ICL = 300 pF) 
- 
- 
25 


(CL = 100 pF) 
- 
- 
20 


Delay Times (Referenced to MPU 4>2) (Figure 4) 
Output Low to High Logic State 
tpLHBM2 
-30 
- 
+25 
ns 


Output High to Low Logic State 
tpHL8M2 
0 
- 
+40 
ns 


Transition Times (Figure 4) 
Output Low to High Logic State 
tTLHB 
- 
- 
20 
ns 


Output High to Low Logic State 
tTHL8 
- 
- 
20 
ns 


•• 


~C~P~&. \""~t!:'l.gO"di'« •.u <P~I (Figure 41 


Output 
Low to High 
Logic 
State 
tPLHCM 
-50 
- 
+25 
ns 


Output 
High to Low Logic State 
tpHLCM 
0 
- 
+40 
ns 


Delay 
Times 
(Referenced 
to 2 x fol 
(Figure 
4) 
Output 
Low to High Logic State 
tpLHC2X 
- 
- 
65 
ns 


Output 
High to 
Low 
Logic 
State 
tpHLC2X 
- 
- 
85 
ns 


Transition Times (Figure 4) 
Output 
Low to High State 
tTLHC 
- 
- 
25 
ns 


Output 
High to Low State 
tTHLC 
- 
- 
25 
ns 


Delay Times (Referenced to 4 x fol 
(Figure 4) 
Output 
Low to High 
Logic 
State 
tPLH2X 
- 
- 
50 
ns 


Output 
High to 
Low 
Logic State 
tPHL2X 
- 
- 
65 
ns 


Delay Time (Referenced to MPU 411)(Figure 4) 
Output 
High to Low Logic State 
tpHL2XM1 
ns 
(fa = 1.0 MHz) 
365 
- 
- 


(fa = 1.5 MHz) 
220 
- 
- 


Transition Times (Figure 41 


Output 
Low 
to High 
Logic State 
tTLH2X 
- 
- 
25 
ns 


Output 
High to 
Low 
Logic 
State 
tTHL2X 
- 
- 
25 
ns 


Delay Times (Referenced to Ext. In) (Figure 4) 


Output 
Low to High 
Logic 
State 
'PLH4X 
- 
- 
50 
ns 


Output 
High to 
Low 
Logic 
State 
tPHL4X 
- 
- 
30 
ns 


Transition 
Time 
(Figure 
4) 


I 


Output 
Low to High 
Logic 
State 
'TLH4X 
- 
- 
25 
ns 


Output 
High to 
Low 
Logic 
State 
tTHL4X 
- 
- 
25 
ns 


Sel-Up Times (Figure 5) 
Low 
Input 
Logic State 
'SMRL 
55 
- 
- 
ns 
High 
Input 
Logic 
State 
'SMRH 
75 
- 
- 
ns 


Hold 
Time 
(Figure 
5) 
Low 
Input 
Logic State 
tHMRL 
10 
- 
- 
ns 


set-Up 
Times 
(Figure 
6) 


Low 
Input 
Logic State 
'SDRL 
65 
- 
- 
ns 
High 
Input 
Logic 
State 
'SDRH 
75 
- 
- 
ns 


Hold 
Time 
(Figure 
6) 
Low 
Input 
Logic State 
'HDRL 
10 
- 
- 
ns 


Delay 
Time 
Referenced 
to Memory 
Clock 
(Figure 
61 
Output 
Low to High 
Logic State 
'PLHG 
-15 
- 
+25 
ns 
Output 
High to 
Low 
Logic State 
'pHLG 
-25 
- 
+15 
ns 


Transition 
Times 
(Figure 
6) 
Output 
Low to High 
Logic State 
ITLHG 
- 
- 
25 
ns 


Output 
High to Low 
Logic State 
'THLG 
- 
- 
25 
ns 


Delay 
Time 
Referenced 
to Power-On 
Reset 
(Figure 
7) 


Output 
Low to High 
Logic State 
'PLHR 
- 
- 
1000 
ns 
Output 
High to Low 
Logic 
State 
IPHLR 
- 
- 
250 
ns 
Transition 
Times 
(Figure 
7) 
Output 
Low to High 
Logic State 
'TLHR 
- 
- 
100 
ns 
Output 
High to 
Low 
Logic 
State 
'THLR 
- 
- 
50 
ns 


• 
". 
fo 
- 
A frH 
.unnin, 
OSCIUIIO' II four 
liml' 
Ihl 
MPU clock 
rite 
uMtul 
for I lyUlm 
1Ync ,illl'l-' 


• 
2. 
fo 
- 
It frH running 
oscilillOl' 
II two lime, 
thl 
MPU clock 
'111. 


• 
~ 
- 
An lIync:hronout 
Input 
o.rYd to 
Ir"lI 
thI 
MPU clock. 
in thI.l 
high.'2 
low ,1111 fM 
dynlmH:: m-v 
•• f.1$I'I Ol'ey<:ll nlll 
OMA(OirlC1 
Mlfflory 
Ao:enal. 


• 
REF GRANT 
- 
A .ynd'lronou, 
outpUt 
UIId 
to 
Iyndlronill 
thl 
'11.1Kh Ol' OMA OJ)Ifltion 
to 
thI 
MPU 


• 
MEMORY 
REAOY 
- 
An lIyneh.onoullnput 
uMd to f'••ll 
Ihi 
MPU clockl;nthl'1Iow.'21'IIgh$l11l10 
•• Iow 
mlmory'nll.flCl. 


• 
MPU.1 
- 
Clptbll 
01 d.i.i", 
IhI,1 
Ind.2 
inpull 
on IWO MC68ClOl. 


MPU,2 


• 
BUS.2 
- 
An outpul 
nominilly 
In l\hIM Wllh MPU'2 
hl.in, 
MC8T26A 
lyPl 
d""1 
ClPlbll,ty. 


• 
MEMORY 
CLOCK 
_ 
An outpul 
_inally 
In p/'IIII 
with 
MPU .2 
••••.•ic:h fr•• runt during I rll.1Kh rlqUlllll cycll 


• 
'OWE R..QN RESET - 
'" Sc:hmln 
l"llllI" 
,npul 
•••••1CtICOllt,oll 
R••.••. A ClPKitOl' 
to lI'"ound it rlqUi.1d 
10 HI 1M 


o."ld 
time 
c:onl1ant. 
Internal 
50 
II 'ftIUOl' 
10 Vcc. s.. GIner-' 
OeI'llI'l ~tlonl 
lor 
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- 
An oulput 
10 thl 
MPU Ind llOdI"iCl1. 


- 
Prowilion to Inld> 
I Mr," 
.nontnl 
c:.ynll 
Ol' RC •••twork. 


- 
All_ 
oriw'ng 
by 1ft Ullr..-l 
TTL 
1Igr111to 1Vnc:h'Clnlrl thI 
MPU to 1ft 1.11f.,.1 
lVllIm. 


.AES'E'f 


• 
XI.X2 


• 
EXT 
IN 


_____ 
(10) 


DMA/Refresh 
Request 


~ 
4.0 


o~ 


(,!:J 
3.0 
~ 
o> 
~ 
2.0 


>- 
=>o!i' 1.0 


III 


FIGURE 4 - TIMING 
DIAGRAM 
FOR NON-STRETCHED 
OPERATION 
(Memory Ready and OMA/Refresh Request held high continuously) 


Ext. 
In Input 
Voltage: 
0 V to 3.0 V. f = 8.0 MHz, Duty Cycle = 50%. tTLHEX 
= tTHLEX 
= 5.0 ns 


FIGURE 
5 - TIMING 
DIAGRAM 
FOR MEMORY 
READY STRETCH OPERATION 
(Minimum Stretch Shown) 
Input Voltage: 
3.0 to 0 V. tTHLMR 
~ tTLHMR 
= 5.0 ns 
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GENERAL 
The MC6875 
Clock 
Generator/Driver 
should 
be located 
on the 
same 
board 
and within 
two 
inches 
of the MC6800 
MPU. 
Series 
damping 
resistors 
of 
10·30 
ohms 
may 
be 
utilized 
between 
the 
MC6875 
and 
the 
MC6800 
on the </>1 
and 
</>2 clocks 
to 
suppress 
overshoot 
and 
reflections. 


The 
VCC 
pin 
(pin 
16) 
of 
the 
MC6875 
should 
be 
bypassed 
to the 
ground 
pin 
(pin 8) at the 
package 
with a 
0.1 
IlF 
capacitor. 
Because 
of 
the 
high 
peak 
currents 
associated 
with 
driving 
highly 
capacitive 
loads. 
an ade· 


quately 
large ground 
strip 
to pin 8 should 
be used on the 
MC6875. 
Grounds 
should 
be carefully 
routed 
to minimize 
coupling 
of noise 
to the sensitive 
oscillator 
inputs. 
Unnec· 


essary 
grounds 
or ground 
planes 
should 
be avoided 
near 
pin 
2 or the 
frequency 
determining 
components. 
These 
components 
should 
be located 
as near 
as possible 
to the 


respective 
pins 
of 
the 
MC6875. 
Stray 
capacitance 
near 
pin 2 or the crystal. 
can affect 
the 
frequency. 
The can of 
the 
crystal 
should 
not 
be 
grounded. 
The 
ground 
side 
of the crystal 
or the C of the 
R·C oscillator 
should 
be con· 
nected 
as directly 
as possible 
to pin 8. 


Unused 
inputs 
should 
be connected 
to VCC or ground. 


Memory 
Ready, 
DMA/Refresh 
Request 
and 
Power·On 
Reset 
should 
be 
connected 
to 
VCC 
when 
not 
used. 


The 
External 
Input 
should 
be 
connected 
to 
ground 


when 
not used. 


OSCILLATOR 
A tank 
circuit 
tuned 
to 
the 
desired 
crystal 
frequency 
connected 
between 
terminals 
Xl 
and 
X2 
as shown 
in 
Figure 
12, is recommended 
to prevent 
the oscillator 
from 
starting 
at 
other 
than 
the 
desired 
frequency. 
The 
lkn 
resistor 
reduces 
the 
Q 
sufficiently 
to 
maintain 
stable 
crystal 
control. 
Crystal 
manufacturers 
may 
recommend 
a 
capacitance 
(CLl to be used 
in series 
with 
the 
crystal 
for 


optimum 
performance 
at series resonance. 


See Figures 
9 and 
10 for typical 
oscill ator temperature 
and VCC supply 
dependence 
for R -C operation. 


FIGURE 12 - OSCILLATOR-CRYSTAL 
OPERATION 


_1£ 
. 
7f: 
CL 


IT';mll I 
= XTAL 
I 


_ 
4 X fa = Crystal 
frequency 


- 
4 X fo =1__ 
' __ 
2wllTCT 


2.5 
I-lH '" 
LT 
'" 22 IJ.H 


75 pF '" CT '" 200 
pF 
AT - 
1kn 


CTS KNIGHTS 
McCOY 
ELECT. 
CO. 
TYCO 
CRYSTAL 
PRODUCTS 


TANK 
CIRCUIT 
APPROXIMATE 
400 
REIMANN 
AVE. 
WATTS 
&. CHESTNUTS 
STS. 
3940 
W. MONTECITO 


PARAMETERS 
CRYSTAL 
PARAMETERS 
SANDWICH.IL 
MT. 
HOLL Y SPRING, 
PA 
PHOENIX. 
AZ 
60548 
17065 
85019 
LT 
CT 
RS 
Co 
Cl 
fo 
18151786·8411 
17171486·3411 
1602}272·7945 


.H 
pF 
Ohms 
pF 
mpF 
MHz 


10 
150 
15-75 
3-6 
12 
4.0 
MP-()4A 
113-31 
150·3260 


·390 
pF 


4.7 
82 
845 
4·7 
23 
8.0 
MP.Q80 
113-32 
150·3270 
·47 
pF 


Inductors m.v 
be obt.ined 
from: 
Coilcr.h, 
C.rv. 
IL 60013 
(312) 639·2361 


a solid 
VOL 
output 
level 
until 
VCC 
has 
reached 
3.5 
to 
4.0 
V. 
During 
this 
time 
transients 
may 
appear 
on 
the 
clock 
outputs 
as 
the 
oscillator 
begins 
to 
start. 
This 


happens 
at approximately 
VCC 
= 3 V. At some 
VCC level 
above 
that. 
where 
Reset 
Output 
goes 
low, 
all the 
clock 


outputs 
will 
begin 
functioning 
normally. 
This 
phenom· 


enon 
of 
the 
start-up 
sequence 
should 
not 
cause 
any 
problems 
except 
possibly 
in systems 
with 
battery 
back-up 
memory. 
The 
transients 
on 
the 
clock 
lines 
during 
the 


time 
the 
Reset 
Output 
is high 
impedance 
could 
initiate 
the 
system 
in some 
unknown 
mode 
and 
possibly 
write 


into 
the 
backup 
memory 
system. 
Therefore 
in battery 
backup 
systems. 
more 
elaborate 
reset 
circuitry 
will 
be required. 


Please 
note 
that 
the 
Power-On 
Reset 
input 
pin of the 
MC6875 
is not 
suitable 
for use with 
a manual 
MPU reset 


switch 
if the 
DMA/Ref 
Req or Memory 
Ready 
inputs 
are 


going 
to be used. 
The 
power 
on reset 
circuitry 
is used to 
initialize 
the 
internal 
control 
logic 
and 
whenever 
the 
input 
is switched 
low. 
the 
MC6875 
is irresponsive 
to 


the 
DMA/Ref 
Req 
or 
Memory 
Ready 
inputs. 
This 
may 


result 
in the 
loss 
of 
dynamic 
memory 
and/or 
possibly 


a byte 
of slow 
static 
memory. 
The 
circuit 
of 
Figure 
14 


is recommended 
for applications 
which 
do not utilize 
the 


DMA/Ref 
Req 
or 
Memory 
Ready 
inputs. 
The 
circuit 
of 


Figure 
15 is recommended 
for those 
applications 
that 
do. 


FIGURE 14 - MANUAL 
RESET FOR APPLICATIONS 
NOT USING 
OMAIREFRESH 
REQUEST OR MEMORY REAOY INPUTS 


To 
precisely 
time 
a crystal 
to 
desired 
frequency. 
a 
variable 
trimmer 
capacitor 
in the 
range 
of 
7 to 
40 
pF 
would 
typically 
be used. 
Note 
it is not 
a recommended 


practice 
to 
tune 
the 
crystal 
with 
a parallel 
load 
capaci- 


tance. 


The 
table 
above 
shows 
typical 
values 
for CT and 
LT. 


typical 
crystal 
characteristics. 
and 
manufacturers' 
part 


numbers 
for 4.0 and 8.0 megahertz 
operation. 
The 
MC6875 
will function 
as an 
R-C oscillator 
when 
connected 
as shown 
in 
Figure 
13. 
The 
desired 
output 
frequency 
(M4>1) is approximately: 


Formula 
320 
C in picofarads 


4 x to "" C (R+ .27) + 23 
R in K ohms 


(See Figure 
11) 
4 x fo in Megahertz 


It would 
be desirable 
to select 
a capacitor 
greater 
than 
15 pF 
to 
minimize 
the 
effects 
of stray 
capacitance. 
It is 
also 
desirable 
to 
keep 
the 
resistor 
in the 
1 to 
5 k n 


range. 
There 
is a nominal 
270 n resistor 
internally 
at 
X1 
which 
is in series 
with 
the 
external 
R. By keeping 
the 
external 
R as large 
as 
possible, 
the 
effects 
due 
to 
process 
variations 
of the internal resistor on the frequency 
will 
be 
reduced. 
There 
will, 
however. 
still 
be 
some 
variation 
in 
frequency 
in 
a production 
lot 
both 
from 
the 
resistance 
variations, 
external 
and 
internal, 
and 
process 
variations 
of 
the 
input 
switching 
thresholds. 


Therefore, 
in a production 
system. 
it 
is recommended 
a 
potentiometer 
be 
placed 
in 
series 
with 
a 
fixed 
R 
between 
X 1 and X2. 


POWER-ON 
RESET 


As 
the 
power 
to 
the 
MC6875 
comes 
up, 
the 
Reset 
Output 
will be in a high impedance 
state 
and will not give 


12 
~ 
14 
40 
0 
C 
0 
y\ 
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FIGURE 15 - MANUAL 
RESET FOR SYSTEMS USING 
OYNAMIC 
RAM QR SLOW STATIC RAM IN CONJUNCTION 
WITH MEMORY REAOY OR OMA/REFRESH 
REQUEST INPUTS 


\:.' 
Menual 
Reset 


..y..Switch 
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II 


~ 
MOTOROLA 


The MC340S0/S1 
are dual transceivers 
which 
comply 
with 
EIA 
Standards 
EIA-422 (Balanced 
line) and EIA-423 (Unbalanced 
line). 


Each device 
contains 
two 
drivers 
and two 
receivers. 


The MC340S0 
has a DRIVER ENABLE 
(for both 
drivers) 
and a 
RECEIVER ENABLE (for both 
receivers). 
Connecting 
the two 
ENA- 
BLES together 
provides 
Driver-to-Receiver 
switching 
from 
a sin- 
gle line. 


The MC340S1 
has a DRIVER ENABLE 
for each driver. 
The two 
receivers 
are permanently 
enabled. 


The Driver 
inputs, 
Receiver 
outputs, 
and Enable inputs 
are 74lS 
TTl 
compatible. 


• 
Two 
Independent 
Drivers 
and Receivers 
Per Package 


• 
3-State 
Outputs 


• 
Single 
S Volt Supply 


• 
Internal 
Hysteresis 
(SO mV Typical) 
on Receivers 


• 
Receivers 
Provide 
Fail-Safe 
Function. 
Output 
Stays 
High if 
Inputs 
are Open, 
Shorted 
(floating). 
or Terminated 
(floating) 


• 
Receivers 
May Be Used in EIA-422 or 423 Systems 


• 
Drivers 
Meet Full EIA-422 Standards 


• 
Drivers' 
Outputs 
are Short 
Circuit 
Protected 


Inverting 


Outputs 


Noninverting 


Driver 
Receiver 


D.t. 
EN 
Inv. Out 
Noninv. Out 
Input 
EN 
Output 


L 
H 
H 
L 
>+0.2 
V Ditt. 
L 
H 
H 
H 
L 
H 
< - 0.2 V Ditt. 
L 
L 
X 
L 
Z 
Z 
X 
H 
Z 


DUAL 
EIA-4221423 
TRANSCEIVER 


,1- 
1 


L SUFFIX 


CERAMIC PACKAGE 
CASE 620-'0 
,- 
1 


REClln- 
1 


REC1In+ 
2 


REC10ut 


REC EN 


REC2 Out 


REC2In+ 


REC2In- 


GND 


RECl In- 
1 


RECl In+ 
2 


RECl Out 


DRl EN 


REC2 Out 


REC2In+ 
6 


REC2In- 
7 


GND 
8 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648-06 


VCC 
DRl In 


DR10ut 


DR10ut 


DR EN 


DR2 Out 


DR2 Out 


9 
DR2 In 


VCC 
DRlin 


DR10ut 
DR10Ut 


DR2 EN 


DR2 Out 


DR2 Out 


9 
DR2 In 


Parameter 
Value 
Units 


Power 
Supply 
Voltage 
(VCC) 
7.0 
Vdc 


Input 
Common 
Mode 
Voltage 
IReceivers) 
±25 
Vdc 


Input 
Differential 
Voltage 
(Receivers) 
±25 
Vdc 


Output 
Sink 
Current 
(Receivers) 
50 
mA 


Enable 
Input 
Voltage 
(Drivers 
and 
Receivers) 
5.5 
Vdc 


Input 
Voltage 
IDrivers) 
5.5 
Vdc 


Applied 
Output 
Voltage 
13-State 
mode) 
- 
Receivers 
-1.0 
to 
+ 7.0 
Vdc 


Applied 
Output 
Voltage 
13-State 
mode) 
- 
Drivers 
-1.0 
to 
+ 7.0 
Vdc 


Junction 
Temperature 
-65 
to 
+ 150 
·C 


Storage 
Temperature 
-65 
to 
+ 150 
·C 


Parameter 
Min 
Typ 
Max 
Units 


Power 
Supply 
Voltage 
+4.75 
+5.0 
+5.25 
Vdc 


Input 
Common 
Mode 
Voltage 
(Receivers) 
-7.0 
- 
+7.0 
Vdc 


Input 
Differential 
Voltage 
(Receivers) 
-6.0 
- 
+6.0 
Vdc 


Enable 
Input 
Voltage 
IDrivers 
and 
Receivers) 
0 
- 
+5.25 
Vdc 


Input 
Voltage 
IDrivers) 
0 
- 
+5.25 
Vdc 


Ambient 
Temperature 
Range 
0 
- 
+70 
·C 


ELECTRICAL 
CHARACTERISTICS 
(Unless 
otherwise 
noted 
specifications 
apply 
for 
4.75 < VCC < 5.25 volts, 


and o· < TA < 70·C). 


Input 
Voltage 
- 
Low 
VILD 
- 
- 
0.8 
Vdc 


Input 
Voltage 
- 
High 
VIHD 
2.0 
- 
- 
Vdc 


Input 
Current 
@ VIL = 0.4 V 
IILD 
-360 
- 
- 
p.A 


Input 
Current 
@ VIH 
= 2.7 V 
IIHD 
- 
- 
+20 
p.A 


VIH 
= 5.25 V 
- 
- 
+100 


Input 
Clamp 
Voltage 
(11K = 
-18 
mAl 
VIKD 
-1.5 
- 
- 
Vdc 


Output 
Voltage 
- 
Low 
(lOL 
= 20 mAl 
VOLD 
- 
- 
0.5 
Vdc 


Output 
Voltage 
- 
High 
(lOH 
= 
- 20 mAl 
VOHD 
2.5 
- 
- 
Vdc 


Output 
Offset 
Voltage 
Difference 
(Note 
1) 
VOSD 
-0.4 
- 
+0.4 
Vdc 


Output 
Differential 
Voltage 
(Note 
1) 
VT 
2.0 
- 
- 
Vdc 


Output 
Differential 
Voltage 
Difference 
(Note 
1) 
VTD 
-0.4 
- 
+0.4 
Vdc 


Short 
Circuit 
Current 
IVCC 
= 5.25 V) 
1050 
-150 
- 
-30 
mA 
(From 
High 
Output, 
Note 
21 


Output 
Leakage 
Current 
- 
Hi-Z 
State 
10ZD 
p.A 
(Vout 
= 0.5 V, DR EN = 0.8 V) 
-100 
- 
+100 
(Vout 
= 2.7 V, DR EN 
= 0.8 V) 
-100 
- 
+100 


Output 
Leakage 
- 
Power 
Off 
1010ff) 
p.A 


IVout 
= - 0.25 V, VCC = 0 V) 
-100 
- 
- 
IVout 
= 6.0 V, VCC = 0 VI 
- 
- 
+ 100 


II 


ELECTRICAL 
CHARACTERISTICS 
(Unless 
otherwise 
noted 
specifications 
apply 
for 4.75 < VCC < 5.25 volts, 


and O· < TA < 70·C). 


Differential 
Input 
Threshold 
Voltage 
(Note 
3) 
VTHR 
Vdc 


(-7.0 
V < VICM < + 7.0, Vout 
•• 2.7 V) 
- 
- 
+0.2 


(-7.0 
V < VICM < + 7.0, Vout 
'" 0.45 VI 
-0.2 
- 
- 


Input 
Bias Current 
IIBR 
mA 


(0'" 
VCC '" 5.25 V, Vin = 
+15 
VI 
- 
- 
+2.3 


(0'" 
VCC '" 5.25 V, Vin 
~ 
-15 
VI 
-2.8 
- 
- 


Input 
Balance 
and Output 
Level 
Vdc 


(-7.0'" 
V'CM 
'" 
+ 7.0 V) 


(VID = 
+0.4 
V, 10 = 
-400 
p.A) 
VOHR 
2.7 
- 
- 
(VID = 
-0.4 
V, 10 ~ 8.0 mAl 
VOLR 
- 
- 
0.45 


Output 
Leakage 
Current 
- 
3-State 
(Pin 4 = 2.0 V, MC34050 
onlyl 
'OZR 
p.A 


(VID = 
+3.0 
V, Vo = 0.4 V) 
-100 
- 
+100 


(VID = 
-3.0 
V, Vo 
~ 2.4 V) 
-100 
- 
+100 


Output 
Short 
Circuit 
Current 
(Note 
2, VCC ~ 5.25 VI 
10SR 
-85 
- 
-15 
mA 
(VID = 
+ 3.0 V, MC34050 
Pin 4 ~ 0.4 V, Vo 
~ 0 V) 


Input 
Voltage 
- 
Low 
VILE 
- 
- 
0.8 
Vdc 


Input 
Voltage 
- 
High 
VIHE 
2.0 
- 
- 
Vdc 


Input 
Current 
@ VIL ~ 0.4 V (Receiver 
EN) 
IlLER 
-100 
- 
- 
p.A 
(Driver 
EN) 
IILED 
-360 
- 
- 


Input 
Current 
@ VIH 
~ 2.7 V 
IIHE 
- 
- 
+20 
p.A 


VIH = 5.25 V 
- 
- 
+100 


Input 
Clamp 
Voltage 
(11K= - 18 mAl 
VIKE 
-1.5 
- 
- 
Vdc 


POWER SUPPLY 


Power 
Supply 
Current 
@ VCC ~ 5.25 V 


Notes: 1) See EIA Standard EIA-422 and Figure 1 for exact test conditions. 


2) Only one output in a package should be shorted at a time. for no longer than 1 second. 
3) Differential input threshold voltage and guaranteed output levels are done simultaneously for worst case. 
4) All currents 
into 
a device pin are positive. those out of a pin are negative. Voltages are referenced to ground. Algebraic convention rather 


than magnitude is used to define limits. 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


Propagation 
Delay 
ns 
Data Input 
to Output 
High-to-Low 
tpHLD 
- 
- 
20 
Data Input 
to Output 
Low-to-High 
tpLHD 
- 
- 
20 
Output 
Skew 
lItPHL 
- 
tPLHI each driver) 
tSKD 
- 
- 
8 
Enable 
Input 
to Output 
CL = 10 pF, RL = 75 n to Gnd 
tPHZD 
- 
- 
30 
CL ~ 
10pF, 
RL ~ 
180ntoVcC 
tpLZD 
- 
- 
35 


CL = 30 pF, RL = 75 n to Gnd 
tpZHD 
- 
- 
40 


CL = 30pF,RL 
~ 
180ntoVcC 
tpZLD 
- 
- 
45 


Maximum 
Data 
Input 
Transition 
Time 
(10-90%) 
tTRD 
- 
50 
- 
ns 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


Propagation 
Delay 
ns 
Differential 
Input 
to Output 
- 
High-to-Low 
tpHLR 
- 
- 
30 


Differential 
Input 
to Output 
- 
Low-to-High 
tPLHR 
- 
- 
30 
Enable 
Input 
- 
Output 
Low to 3-State" 
tpLZR 
- 
- 
35 
Enable 
Input 
- 
Output 
High to 3-State" 
tpHZR 
- 
- 
35 


Enable 
Input 
- 
Output 
3-State 
to High" 
tpZHR 
- 
- 
30 
Enable 
Input 
- 
Output 
3-State 
to Low" 
tPZLR 
- 
- 
30 


VOSD 
[VOS - vos'l: 


VODD 
IIVTI - 
IVT'II 


+3.0 V- 
~-------_ 
Input 0 J+l.3V 
"\+1.3V 


~ 
tpLHDI;::: 
-.J tpHLDr= 


A 
I 
-f + 1.3V 
I *__ 
+_1._3 
_V_ 
~~~ 


Output 
----1 
tpHLD h-- 
~ 
tpLHD L- 


I 
'r-:-:-:-:- VOH 
B 
VOl_\_~_'_·3_V 
~r + 1.3V 


+3.0~V- 
Input 
+1.3V 
+1.3V 
o 
L 
O.5V 


tpZHDr;:::: 
-L 
VOH 


+1,3 V 
I.•.•.••••• 


tPHZDI-- 


tPLZD I:::: 
------~ 


SG: 
1.0 MHz, 
50% duty 
cycle, 
IA. IF = 6.0 ns (10-90%) 


RL = 75 n to GND for tpZHD 
and 
tPHZQ, 
180 n to VCC for 
IpZLD 
and 
tplZO; 
Cl 
= '0 pF for tpHZO and tplZO. 
30 pF for tpZHD and IPZLD. 


lN916's 
or 
equivalent 


+3.0V_ 
~ 
_ 


J+1.5V 
\+1.5V 


o 
--:'1 tPLHRI-- 
_I tpHLRl..- 
I 
I;-------~I 
----- 
VOH 
_____ 
-'1- +,1.3V 
\_+_,._3_V__ 
VOL 


tpLZR /:::; 


~ 
..J~ 


SG: 1.0 MHz, 50% duty cycle. IR. IF = 6.0 ns (10-90%1 
Va = +1.5 V fortpHZ. 
tPZH; Va = -1.5 
V for tpLZ. tpZl. 


51.52 
closed 
for 
tPHZ. 
IpLZ; 
51 open, 
52 closed 
for 
IPZH; 
51 closed. 
$2 open 
for 
tpZL. 


II 


fI 


/v 
/ 
./ 
Typical @ 25°C 
- 
V 
4.7~ V '" vlcc '" ~.25 V 


-30 
1-60 
>- 
~ 
-90 


a -120 
5 
~ 
-150 


-180 


-210 
o 


.-- 
.-.-- 
--- 
..... 
V 


./ 


+~IOLO 
- 


-vOLD- 
I 
Typical~, 
25°C_:J=-- 


4.75 V '" VCC '" 5.25V 


:> 300 
.s 
o 
~200 


---- 
------ 


.---- 
~ 


Typical @ 25°C - 
VCC ~ 5.0 V 


:>.s 
5200 
f; 


4.0 


IOLR ImAI 
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3.8 


<i):J 3.4 
~ 


~ 
3.0 
~ 
!,; 
;J 
2.6 
i= 
ffi 
~ 
2.2 


15 


~ 
1.8 


~ 


~ 
3.0 
o 
~ 


"- 'I'-... 


'" - 


Typical @ 25°C 


- 
VIC ~ 5.0 


1 
V 


~ 


~ 
4.0 
'"5 
> 


-200 


IOHRI~) 


- 
I 
I 
I 
I! 
I 
rtV- 
I 
.1 
~ 
- 
-- 
VCC 


I 
= 4.75~ 
tl!" 
I....e! 
- 
~ 
~ 
VCC ~ 5.0 V ....Il!~ r, 
~ 
VCC ~ 5.25 V 


....e! ~ 
~ 
~ ~ 


A~ 
Typical (II 25°C 


.# 
I 
I 
-1.2 


-7.0 
-5.0 
-3.0 
-1.0 
+1.0 
+3.0 
+5.0 
+7.0 


INPUTVOLTAGE(VOLTS) 


- 


II 
I 
I 
! 
fIB>- 


TA ~ O°C 
~ 
- 
~ 
- 


..& 
,~ ~ 
"" 
TA ~170°C 
./ 


A ", 


TA ~ 25°C 
~ 
~ ~ 
~ ~ 
VCC ~ 5.0 V 


~ V- 
I 
-1.2 


- 7.0 
- 5.0 
- 3.0 
-1.0 
+ 1.0 
+ 3.0 
+ 5.0 
+ 7.0 


INPUTVOLTAGEiVOLTSI 


I 
I 
I 
./ 


I 
1_ 
I 
1 
/ 


VOHO@ -20m~ 


/' 


,,/ 


VOLO@ +20 mA_ 
- 
,,/ 


,/ 


,/ 


;;- 
E 
~+60 
'"z~ 
u~ 
~ 
§? 
~ 
~-60 
o 


1 
n 
- 
Receiver 
n 
Enable 
,r:::;:;;;' 
/ 


/ 
Driver 
Enable 


/ 
Typical @ 25°C_ - 
VCF = 5.0V - - 
T 
T 


• 


_ -6.0 
1i-10 
a -14 
~ 
::> 
~ 
-18 


- 
MC34050 only 
[7 
Pin 4 ~ 2.0 V 


17 


Va = 2.4 V V 
17 


/ 


./ 
Va ~ 0.4 V V 


----- 


,.7 
~ r,...:..t- 
~ 


(Jo ~ '27 v! VCc 
l = 5 
10 V, ~nd 
.f -I Va ~ 6.0V,VCC = 0.0 V 


./ 
./ '/ 
r/ '/ '/ 
./ '/ 
./ 
'/ 
'/ '/ 
'/ 


/ 
"7-- 
Va = 0.4V,VCC ~ 5.0V/,/ 
/ 
....... 


"- 
-Vr 
iOT'VfC 
~IOor 
" 


Notes: 1) RT must equal characteristic impedance of the cable. 


21 Individual receivers may be MC34050. MC34051. MC3486. or AM26lS32. 
3) System ground may be made through cable shield as shown, or through chassis ground. Common mode differences and signal quality 
must be considered when choosing a ground path. 


® MOTOROLA 


The MC75107 and MC75108 are MTTL 
compatible 
dual line 


receivers featuring independent channels with common voltage supply 
and ground terminals. 
The MC75107 circuit features an active pull·up 
(totem'pole) 
output. 
The MC75108 circuit features an open-collector 
output configuration that permits the Wired-OR logic connection with 
similar outputs (such asthe MC5401/MC7401 MTTL gate or additional 
MC75108 receiversl. 
Thus a level of 
logic is implemented without 
extra delay. 


The MC75107 and MC75108 circuits are designed to detect input 
signals of greater than 25 millivolts 
amplitude and convert the polarity 
of the signal into appropriate MTTL compatible output logic levels. 


• 
High Common-Mode Rejection Ratio 


• 
High Input Impedance 


• 
High Input Sensitivity 


• 
Differential 
Input Common-Mode Voltage Rangeof ±3.0 V 


• 
Differential 
Input 
Common-Mode Voltage of More Than ± 15 V 


Using External Attenuator 


• 
Strobe Inputs for ReceiverSelection 
• 
Gate Inputs for Logic Versatility 


• 
MTTL or MDTL Drive Capability 


• 
High DC Noise Margins 


• 
MC55107 Available asJM38510/10401 


" 
28 


INPUTS 


2A 0- + 
12 


MC75107 
MC75108 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


DIFFERENTIAL 
STROBES 
INPUTS 
OUTPUT 


A·B 
G 
S 
y 


V10", 
25mV 
L 0' H 
L O' H 
H 


lor 
H 
, 
H 


-25 
mV 
<;VrO<25 
,n 
, 
Lor 
H 
H 


H 
H 
INOETERMINATE 


L 0' H 
, 
H 


VIO'-25mV 
, 
L Of H 
H 


H 
H 
, 


• 


Ratinv 
Symbol 
Value 
Unit 


Power 
Supply 
Voltages 
VCC 
+7.0 
Vdc 


VEE 
-7.0 


Differential· 
Mode 
Input 
Signal 
Voltage 
Range 
VID 
+6.0 
Vdc 


Common-Mode 
Input 
Voltage 
Range 
V'CR 
,±,5.0 
Vdc 


Strobe Input 
Voltage 
V'IS) 
5.5 
Vdc 


Power 
Dissipation 
(Package 
Limitation) 
Po 


Plastic and Ceramic Dual-In-Line 
Packages 
625 
mW 


Derate above TA = +2SoC 
3.85 
mW/oC 


Opereting 
Ambient 
Temperature 
Range 
TA 
o to + 70 
°c 


Storage 
Temperature 
Range 
T st9 
-65 to +150 
°c 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Unit 


Power Supply 
Voltages 
VCC 
+4.75 
+5.0 
+5.25 
Vdc 


VEE 
-4.75 
-50 
-5.25 


Output 
Sink 
Current 
'OS 
- 
- 
-16 
mA 


DifferentIal. 
Mode 
Input 
Voltage 
Range 
VIDR 
-50 
- 
<50 
Vdc 


Common-Mode 
Input 
Voltage 
Range 
VIeR 
-3.0 
- 
+30 
Vdc 


Input 
Voltage 
Range, 
any 
differential 
Input 
to ground 
V'R 
-5.0 
- 
+3.0 
Vdc 


Operating 
Temperature 
Range 
TA 
0 
- 
+70 
°c 


Characteristic 
Symbol 
Test Fig. 
Min 
Ma. 
Unit 


High·Level 
Input 
Voltage 
(between 
differential 
inputs) 
VIOH 
1 
0025 
50 
Vdc 


Low-Level 
Input 
Voltage 
(between 
dIfferentIal 
Inputs) 
VIOL 
1 
-50t 
-0025 
Vdc 


High-Level 
Input 
Voltage 
(at strobe 
mputs) 
V,HISI 
3 
2.0 
5.5 
Vdc 


Low-Level 
Input 
Voltage 
(at strobe 
Inputs) 
V,LlSI 
3 
0 
0.8 
Vdc 


Characteristic 
Symbol 
Test 
Fig. 
Min 
Typ * 
Ma. 
Unit 


High-Level 
Input 
Current 
to 
lA 
or 2A 
Input 
IIH 
2 
- 
30 
75 
"A 
(VCC 
= Max, 
VEE 
= Max, 
VIO 
= 0 5 V, VIC 
= -30 
V 


to -+3.0 V) t 


Low-Level 
Input 
Current 
to 1A or 2A Input 
IlL 
2 
- 
- 
-10 
"A 
(VCC 
= Max, 
Vee 
= Max, 
VIO 
= -20 
V, VIC 
= -30 
V 


to +3.0 
VI 
t 


High-Level 
Input 
Current 
to 1G or 2G Input 
IIH 
4 
IVCC 
= Ma., 
VEE 
= Max, 
V,HISI 
= 2.4 V)~ 
- 
- 
40 
"A 


(VCC 
= Max, 
VEE 
'" Max, 
VIH(S) 
= VCC Maxlt 
- 
- 
1.0 
mA 


Low-Level 
Input 
Current 
to 1G or 2G Input 
II L 
4 
mA 


IVCC 
= Max, 
Vee 
= Max, 
VILISI 
= 0.4 Vlt 
- 
- 
-1.6 


High-Level 
Input 
Current 
to S Input 
IIH 
4 
1VCC = Ma., 
VEE 
= Ma., 
V,HIS) 
= 2.4 V)~ 
- 
- 
80 
"A 
(VCC 
= Max, 
Vee 
= Max, 
VIH(S):: 
VCC Max)t 
- 
- 
2.0 
mA 


Low-Level 
Input 
Current 
to S Input 
IlL 
4 
- 
- 
-3.2 
mA 


IVCC 
= Ma., 
VEE 
= Ma., 
V,LIS) 
= 
0.4 V)~ 


High-Level 
Output 
Voltage 
vOH 
3 
V 
(VCC 
= Min, 
vEE 
"" Min, 
Iload "" -400,.,A, 
- 
- 
- 
VIC 
= -3.0 
V to +3.0 
V)t 


Low-Level 
Output 
Voltage 
VOL 
3 
V 
(VCC'" 
Min, 
Vee 
= Min, 
Isink 
= 16 mA 
- 
- 
0.4 
V,C 
= -3.0 
V 10 +3.0 V)~ 


High-Level 
Leakage Current 
ICEX 
3 
"A 
(VCC"" 
Min, 
Vee 
"" Min, 
VOH 
"" VCC Maxlt: 
- 
- 
250 


Short-Circuit 
Output 
Current'll 
'II 
10SC 
5 
mA 
(VCC"" 
Max, 
Vee 
= Maxlt 
- 
- 
- 


High 
Logic 
Level Supply 
Current 
from 
VCC 
ICCH+ 
6 
mA 
(VCC 
= Max, 
Vee 
= Max, 
VIO 
'" 25 mV, 
TA 
"" +2SoCI 
t: 
- 
18 
30 


High 
Logic 
Level Supply 
Current 
from 
VeE 
'CCH- 
6 
0 
8.4 
-15 
mA 


IVCC 
= Ma., 
VEE 
= Ma., 
VID 
= 25 mV, 
TA = +250Clt 


tFor 
conditions 
shown as Min or Max, use the approprIate 
vatue specified 
under recommended 
operating 
conditions 
for 
the applicable 
device 
type. 


IAII 
typical 
valuel 
are at VCC" 
+5.0 
V, VEE 
"" -5.0 
V, T A" 
+2SoC. 
I .INot 
more 
than 
one output 
should 
be shorted 
at a time 


Characteristic 
Symbol 
Test Fig. 
Min 
Typ 
Max 
Unit 


Propagation Delay Time, law-to-high level fram 
'PLH(D) 
7 
"' 
differential inputs A and B to output 


IRL: 
390 n, CL : 50 pFI 
- 
- 
- 


IRL: 
390 n, CL: 
15 pFI 
- 
19 
25 


Propagation Delay Time, high-to-Iow level from 
'pHLIDI 
7 
"' 
differential inputs A and B to output 
IRL: 
390 n, CL: 
50 pFI 
- 
- 
- 


IRL: 
390 n, CL: 
15 pFJ 
- 
19 
25 


Propagation Delay Time, low-ta-high level,from strobe 
'PLHISJ 
7 
"' 
Input G or S to output 
IRL: 
390 n, CL: 
50 pFJ 
- 
- 
- 


IRL: 
390 n, CL : 15 pFJ 
- 
13 
15 


Propagation Delay Time, high-ta-Iow level, from strobe 
'pHLISI 
7 
"' 
input G or S to output 
•..." 


(RL: 
390 n, CL: 
50 pFI 
- 
- 
- 


I 
IRL: 
390 n, CL: 
15 pFI 
- 
13 
20 


Ji 5••i~ 
Nol. 


Vie! 


VIH(SJ~ 
S •• 
Test 
v IUS) 
Table 


VB" r ,•. 
Test 
! 
Tabl. 


I 


2B I 
I 
L_ --.--.g~N~---J 


NOTE: 
Each pair of differential 
inputs 
is tested 
separately. 
The inputs 
of the other 
pair 


are grounded 


I 
I 
I 
I 
I 
Isink' 
'CEX 
2Y_--- 
'load 
I 


2BI 
I 
L 
~~-;;-_--J 


MC75107 
I 
MC7510B 
VID 
I STROBE 
lG or 2G I STROBE 
S 


TEST 
APPLY 


VOH 
lcex 
"25 
mV 
VtHIS) 
VIHIS) 


VOH 
Icex 
-25 
mV 
VILIS) 
VIH(Sl 


VOH 
Ice x 
-25 
mV 
VIH(Sl 
VIUSl 
VOL 
VOL 
-25 
mV 
VIH(S) 
VIH(S) 


Vie· 
-3.0 
V to .30 
V 


When 
testong 
one 
channel. 
lhe 
onp ....ts of 
the 
other 
channel 


$ho •..•ld be grounded 


III 


IIH(Sl 
VIHISl] 


See 
Test 
Table 


VILIS)- 
II LIS) 


I 
OPEN 
I 
I 
I 
I 


12y 


See 
Test 
Table 


TEST 
INPUT lA 
INPUT 2A 
STROBE lG 
STROBE S 
STROBE 2G 


IIH 
at Strobe 
lG 
+25 
mV 
Gnd 
V1H(S) 
Gnd 
Gnd 


I, H at Strobe 
2G 
Gnd 
+25 
mV 
Gnd 
Gnd 
VIH(SI 


IIH 
at Strobe 
S 
+25 
mV 
+25 
mV 
Gnd 
VIH(S) 
Gnd 


IlL 
at Strobe 
lG 
-25 
mV 
Gnd 
VILIS) 
4.5 
V 
Gnd 


I I L at Strobe 
2G 
Gnd 
-25 
mV 
Gnd 
4.5 
V 
VILIS) 


t IL at Strobe 
S 
-25 
mV 
-25 
mV 
4.5 
V 
VILIS) 
4.5 
V 


Vcc+ 
VEE 


'"Ij'",,:"J!'" 
,- ------ 
---, 


lA I 
I,Y 


I 
I 
I 
I 
I 


12Y 
I OPEN 


2s1 
I 


-=- L-----iGNO---...J 


TEST CIRCUITS 
(continuedl 


FIGURE 
7 - 
PROPAGATION 
OELAY 
TIME TEST CIRCUIT 
ANO WAVEFORMS 


VEE 
r--------J--------, 


1A I 
1 


• 
1 
I 
I'Y 
I 
I 
I 
I 
II 
I 


12Y 
___ J 


125 pF 
~so. 
No,o 3 
STROBE 
INPUT 


See Note 2 


IN:UT 
~oomv 
100mV 
I 
I 
I 
I 
I 
I 
~tpl 
~ 
-,_---- 
'P2----0-1 
I 
I 
I 
I 


! 
i 
~'5V 
F-t:~~~- 
I 
---l 
I--'PHL(OI 
I ~ 
J 


'PLH(O) 
..,.... 
I 
I 
I 


00:'0< ~"'''-< 
1'0 
~ 


STROBE 
INPUT 
G or S 


•••..• 'PHLISI 
'tv VOH 


VOL 


NOTES: 
1. 
The pulse generators 
have the following 
characteristics: 
zo:: 
50 n. tr:::: tf 
51: 10!.5 
ns, tp1 - 
500 
ns, PRR "" 1 MHz 


tp2"" 
1 IJS, PAR 
- 
500 
kHz. 


2. 
Strobe 
input 
pulse 
is applied 
to Strobe 
1G when 
Inputs 
1A-' Bar. 
being 
tested, 
to Strobe 
S when 
Inputs 
lA·' 
B or 2A-28 
are 
being 
tested, 
and 
to Strobe 
2G when 
inputs 
2A-2B 
are being 
tested. 


3. 
C L includes 
probe 
and jig capacitance. 


4. 
All diodes are lN916 or equivalent. 


II 


The MC75S110 dual line driver features independent 
channels 
with common 
voltage supply and ground terminals. 
Each driver 
circuit provides 
a constant output current that switches to either 
of two output terminals 
subject to the appropriate 
logic levels at 
the input. terminals. 
Output current can be switched 
"off" 
(inhib- 


ited) by appropriate 
logic levels at the inhibit 
inputs. Output cur- 


rent is nominally 
twelve milliamperes. 


The inhibit feature 
permits use in party-line 
or data-bus appli- 
cations. A strobe or inhibitor, 
common to both drivers, is included 
to increase driver-logic 
versatility. 
With output 
current 
in the in- 


hibited 
mode, 'Oloff) 
is specified 
so that minimum 
line loading 
occurs when the driver is used in a party-line 
system with other 
drivers. Output impedance of the driver in inhibited 
mode is very 
high (the output 
impedance 
of a transistor 
biased to cutoff). 


All driver outputs have a common-mode 
voltage range of - 3.0 
volts to +3.0 volts, allowing 
common-mode 
voltage 
on the line 
without 
affecting 
driver performance. 


• 
Insensitive to Supply Variations 
Ov.er the Entire Operating 
Range 


• 
MTTL Input Compatibility 


• 
Current-Mode 
Output (12 mA Typical) 


• 
High Output Impedance 


• 
Common-Mode 
Output Voltage Range 
(- 3.0 V to + 3.0 V) 


• 
Inhibitor 
Available 
for Driver Selection 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
632-08 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646-06 


2 


1A 
1B 
LOGIC 
INPUTS 


4 


1C 
2C 
INHIBIT 
INPUT 


6 


2A 
2B 
LOGIC 
INPUTS 


INHIBITOR 
LOGIC 
INPUTS 
INPUTS 
OUTPUTS 


A 
B 
C 
D 
Y 
Z 


Lor 
H 
Lor 
H 
L 
Lor 
H 
H 
H 
Lor 
H 
Lor 
H 
Lor 
H 
L 
H 
H 
L 
Lor 
H 
H 
H 
L 
H 
Lor 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 


Ratings 
Symbol 
Value 
UnIt 


Power Supply Voltages 
VCC 
+7.0 
Volts 
(See Note 1) 
VEE 
-7.0 


Logic and Inhibitor Input Voltages 
Vin 
5.5 
Volts 
(See Note 1) 


Common-Mode Output Voltage Range 
VOCR 
-5.0 to + 7.0 
Volts 
(See Note 1) 


Power Dissipation (PackageLimitationl 
Po 
Plastic and Ceramic Dual In-Line Packages 
1000 
mW 
Derate above TA ~ + 25°C 
3.85 
mWrC 


Operating Temperature Range 
TA 
o to +70 
°c 


Storage Temperature Range 
Tsto 
-65 to + 150 
°c 


Characteristic 
Symbol 
Min 
Nom 
Max 
Unit 


Power Supply Voltages 
VCC 
+4.75 
+5.0 
+5.25 
Volts 
VEE 
-4.75 
-5.0 
-5.25 


Common-Mode Output Voltage Range 
VOCR 
-3.0 
- 
+3.0 
Volts 


Characteristic 
Symbol 
Test Figure 
Min 
Max 
Unit 


High-Level Input Voltage (at any input) 
VIH 
1,2 
2.0 
5.25 
Volts 


Low-Level Input Voltage (at any input) 
VIL 
1,2 
0 
0.8 
Volts 


ages and supply 
currents 
at the worst 
case operating 
condition. 


TJ(max) 
= Maximum 
Operating 
Junction 
Tempera- 
ture 
as listed 
in the 
Maximum 
Ratings 
Section 
TA 
= 
Maximum 
Desired 
Operating 
Ambient 
Temperature 
R8JA (Typ) = Typical Thermal 
Resistance Junction 
to 
Ambient 


The maximum 
power consumption 
an integrated 
cir- 
cuit can tolerate 
at a given operating 
ambient 
temper- 
ature, can be found from the equation: 


TJ(max) 
- 
TA 
PD(TA) = 
R8JA (Typ) 


Where: 
PD(T,A) = 
Power 
Dissipation 
allowable 
at a 
given 
operating 
ambient 
temperature. 
This 
must 
be 
greater than the sum of the products of the supply volt- 


• 


• 


Characteristic· 
• 
Symbol 
Test 
Figure 
Mln 
Typ· 
Max 
Unit 


High-Level 
Input 
Current 
to lA, 
lB, 
2A or 2B 
IIHL 
1 


(VCC = Max, 
VEE = Max, 
VIHL = 2.4 V)· 
- 
- 
40 
pA 


(VCC = Max, 
VEE = Max, 
VIHL = VCC Max) 
- 
- 
1.0 
mA 


Low-Level 
Input 
Current 
to 
lA, 
1B, 2A or 2B 
IILL 
1 
- 
- 
-3.0 
mA 


IVCC = Max, 
VEE = Max, 
VILL = 0.4 V) 


High-Level 
Input 
Current 
into 
lC 
or 2C 
IIHI 
1 


IVCC = Max, 
VEE = Max, 
VIHI = 2.4 V) 
- 
- 
40 
pA 


IVCC = Max, 
VEE = Max, 
VIHI = VCC Max) 
- 
- 
1.0 
mA 


Low-Level 
Input 
Current 
into 
lC 
or 2C 
IILI 
1 
- 
- 
-3.0 
mA 


(VCC = Max, 
VEE = Max, 
VILI = 0.4 V) 


High-Level 
Input 
Current 
into 
D 
IIHI 
1 


IVCC = Max, 
VEE = Max, 
VIHI = 2.4 V) 
- 
- 
80 
p.A 


IVCC = Max, 
VEE = Max, 
VIHI = VCC Max) 
- 
- 
2.0 
mA 


Low-Level 
Input 
Current 
into 0 
IILI 
1 
- 
- 
-6.0 
mA 


IVCC = Max, 
VEE = Max, 
VILI = 0.4 V) 


Output 
Current 
("on" 
state) 
10(on) 
2 
mA 
IVCC = Max, 
VEE = Max) 
- 
12 
15 
IVcc 
= Min, 
VEE = Min) 
6.5 
- 
- 


Output 
Current 
("off" 
state) 
1010ff) 
2 
pA 


IVCC = Max, 
VEE = Max) 
- 
- 
100 


IVcc 
= Min, 
VEE = Min) 
- 
- 
100 


Supply 
Current 
from 
VCC (with 
driver 
enabled) 
ICClon) 
3 
- 
- 
35 
mA 


IVILL = 0.4 V, VIHI = 2.0 V) 


Supply 
Current 
from 
VEE (with 
driver 
enabled) 
IEElon) 
3 
- 
- 
-50 
mA 
IV,LL = 0.4 V, VIHI = 2.0 V) 


Supply 
Current 
from 
VCC lwith 
driver 
inhibited) 
ICC(off) 
3 
- 
- 
35 
mA 
(VILL = 0.4 V, VILI = 0.4 V) 


Supply 
Current 
from 
VEE (with 
driver 
inhibited) 
IEE(off) 
3 
- 
- 
-50 
mA 
(VILL = 0.4 V, VILI = 0.4 V) 


Characteristic 
Symbol 
Test 
Figure 
Min 
Typ 
Max 
Unit 


Propagation 
Delay 
Time 
from 
Logic 
Input 
A or B to 
tPLHL 
4 
- 
9.0 
15 
ns 
Output 
Y or Z (RL = 50 ohms, 
CL = 40 pF) 
tPHLL 
- 
9.0 
15 


Propagation 
Delay 
Time 
from 
Inhibitor 
Input 
C or D 
tpLHI 
4 
- 
16 
25 
ns 
to Output 
Y or Z IRL = 50 ohms, 
CL = 40 pF) 
tPHLI 
- 
13 
25 


IIH 
e-~ 
See 


~Table 
IlL 


~see 


~Table 


~ 


IIH 
See 


_ 
Table 


IlL 


FIGURE 
1 - 
IIH. IlL 


VCC 
VEE 


rJ----1Iw 


TEST 
AT 
ADJACENT 
INPUTS 


ANY 
INPUT 
NOT 
UNDER 
TEST 


IIH 
GND 


IlL 
4.5 V 


L 
-.J2Z 


GN~ 
Arrows indicate actual direction 


-= 
of current 
flow. 


TEST 
LOGIC 
INPUTS 
INHIBITOR 
INPUTS 
Ground 
all output 
pins 
1AorZA 
1B or 2B 
1C or 2C 
D 
not under 
test. 


VIL 
VIL 


10(on) 
at output 


VIL 
VIH 
VIH 
VIH 
W 
or 2Y 


VIH 
VIL 


lo(on) 
at output 
VIH 
VIH 
VIH 
VIH 
lZ 
or 2Z 


10(oft) 
at output 
VIH 
VIH 
VIH 
VIH 
lYor2Y 


VIL 
VIL 


10(oft) 
at output 
VIL 
VIH 
VIH 
VIH 
lZ 
or 2Z 


VIH 
VIL 


VIL 
VIL 


loloft) 
at output 
Either 
Either 
VIL 
VIH 
W, 
2Y. lZ, 
or 2Z 
state 
state 
VIH 
VIL 


VIH---f 
See 


VIL .--lTable 


VIHJ 
See 
Table 


VIL 


VIH--f 
See 


VIL --lTable 


FIGURE 
2 - 
10(on) 
and 
1010ft) 


VCC 
VEE 


rJ----1IW 


II 


VIH--f 
See 
Vll...---{Table 


VIHJ 
See 
Table 


Vil 


VIH--f 
See 


Vil 
--{Table 


Vcc 
VEE 


ICCJJ 
lEE11 
r 
---- 
11Y 


All 
lOGIC 
All 
INHIBITOR 


TEST 
INPUTS 
INPUTS 


Icc(on) 
Driver 
enabled 
Vil 
VIH 


IEE(on) 
Driver 
enabled 
Vil 
VIH 


ICC(off) 
Driver 
inhibited 
Vil 
Vil 


IEE(off) 
Oriver 
inhibited 
Vil 
Vil 


FIGURE 4 - 
PROPAGATION 
DELAY TIMES 
TEST CIRCUIT AND WAVEFORMS 


VCC 
VEE 


I 
I 
I 
I 
I I TO OTHER 
I 
LJ CHANNEL 
~ 
-G~DI-- 


OUTPUT 
Z 
Cl 
140 pF 


lOGIC 
INPUT 
A or B 


INHIBIT 
INPUT 
Cor 
D 


tplH(l) 
tPlH(JN) 


tPHl(L) 


NOTES: 
1. The 
pulse 
generators 
have 
the 
following 
characteristics: 
IO 
:::::50 n. tr 
= tf 
= 
10 =: 5.0 os tpl 
= 
500 os, PRR = 
1.0 MHz. 
tp2 
= 
1.0 ms, 


PRR = SOOkHz. 


2. Cl includes probe and jig capacitance. 
3. For simplicity, only one.channel and the inhibitor connections are shown. 


® MOTOROLA 


The 
MC75125 
and MC75127 
are seven-channel line receivers 
designed to satisfy the requirements of the input/output 
interface 
specification for IBM 360/370. 
Special 
low-power 
design 
and 
Schottky-diode-c1amped 
tran- 


sistors allow low supply-current 
requirements while maintaining fast 
switching 
speedsand high-current TTL outputs. The MC75125 and 
MC75127 are characterized for operation from 0 to 700C. 


• 
Meets IBM 360/370 I/O Specification 


• 
Input Resistance - 
7 kn to 20 kn 


• 
Output Compatible with DTL or TTL 


• 
Schottky-Clamped Transistors 


• 
Operates from a Single 5 Volt 
Supply 


• 
High-Speed - 
Low Propagation Delay 


• 
Ratio Specification - !PLHItPH L 


• 
Seven Channels in One 16-Pin Package 


• 
Standard VCC and Ground Positioning on MC75127 


1/4 MC3481 
or 
, /4 
MC3485 
r------.., 


I 
I 
I 
I 


I 
I 


Coaxial 
r 
- 
- 
- 
~ 


ca~ 
U 
~ j 


MC75125 
MC75127 


SEVEN CHANNEL 
LINE RECEIVERS 


..- 


_ 
LSUFFIX 
CERAMIC 
PACKAGE 


16 
CASE 
620- 10 


1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-06 


PIN CONNECTIONS 


MC75125 


1A 
16 
1Y 


2A 
'5 
Vcc 


3A 
14 
3Y 


4A 
4 
13 
4Y 


5A 
'2 
5Y 


6A 
11 
6Y 


7A 
10 
7Y 


Gnd 
9 
2Y 


1A 
16 
Vcc 


2A 
15 
1Y 


3A 
14 
2Y 


4A 
4 
13 
3Y 


5A 
12 
4Y 


6A 
6 
11 
5Y 


7A 
10 
6Y 


Gnd 
8 
7Y 


Logic: 
Y==A 
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Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
+7.0 
V 


Input Voltage 
VI 
-2.0 to +7.0 
V 


Power Dissipation (PackageLimitation) 


Ceramic Package 
Po 
1150 
mW 


Plastic Package 
960 


Derate Above TA = 25°C 
1/ROJA 
7.7 
mW/oC 


Operating Ambient Temperature Range 
TA 
o to +70 
°c 


Junction Temperature 
TJ 
°c 


Ceramic Package 
+175 


Plastic Package 
+150 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power Supply Voltage 
VCC 
4.5 
5.0 
5.5 
Vdc 


High Level Output Current 
10H 
- 
- 
-0.4 
mA 


Low Level Output Current 
10L 
- 
- 
16 
mA 


Operating Ambient Temperature Range 
TA 
0 
- 
+70 
°c 


ELECTRICAL 
CHARACTERISTICS 


(Unless otherwise noted, these specifications apply over recommended power supply and temperature ratings. Typical values measured at 
TA = 25°C and Vcr 
= +5.0 VI 
- 
Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


High-Level Input Voltage 
VIH 
1.7 
- 
- 
V 


Low-Level Input Voltage 
VIL 
- 
- 
0.7 
V 


High-Level Output Voltage (VCC = 4.5 V, VtL 
= 0.7 V, IOH = -0.4 mAl 
VOH 
2.4 
3.1 
- 
V 


Low-Level Output Voltage (VCC - 4.5 V, VIH = 1.7 V, IOL = 16 mAl 
VOL 
- 
0.4 
0.5 
V 


High-Level Input Current (VCC = 5.5 V, VI = 3.11 VI 
IIH 
0.2 
0.3 
0.42 
mA 


Low-Level Input Current {VCC = 5.5 V, VI = 0.15 VI 
IlL 
- 
- 
-0.24 
mA 


Short Circuit Output Current'" (VCC - 5.5 V, Vo - 0) 
10S 
-18 
- 
-60 
mA 


Input Resistance (VCC - 4.5 V, 0 V. or Open, 6VI - 0.15 V to 4.15 VI 
'j 
7.4 
- 
20 
kn 


Power Supply Current 
ICCH 
- 
15 
25 
mA 
Outputs High-Logic State (VCC = 5.5 V, IOH = -0.4 mA, all inputs at 0.7 VI 


Power Supply Current 
ICCL 
- 
28 
47 
mA 
Outputs Low-Logic State (VCC = 5.5 V, IOL = 16 mA, all inputs at 4.0 V) 


MC75125 
MC75127 


Characteristic 
Symbol 
Min 
Typ 
Max 
Mi" 
Typ 
Max 
Unit 


Propagation Delay Time 
ns 


Low-to-High-Level Output 
tpLH 
7.0 
14 
25 
7.0 
14 
25 
High-to·Low·Level Output 
tpHL 
10 
18 
30 
10 
18 
30 


Ratio of Propagation Delay Times 
tPLHItPHL 
0.5 
0.8 
1.3 
0.5 
0.8 
1.3 


Transition Time, Low-to-High-Level Output 
tTLH 
1.0 
7.0 
12 
1.0 
7.0 
12 
ns 


Transition Time, High-to-Low Level Output 
tTHL 
1.0 
3.0 
12 
1.0 
3.0 
12 
ns 


CL:: 
50 pF 
I 
(See Note 
B) 


NOTES: 


A. 
The pulse generator 
has the following 
characteristics: 


Zout 
-.: 50 n, PRR :: 5 MHz:. 
B. 
CL includes 
probe 
and jig capacitance. 


C. 
All 
diodes are MMD7QOO or equivalent. 


100n'----1 


~lr10ns 
-----------3 
V 


0.4• 
" 


0.3 
~ 
•... 
j 
0.2 
~ 
;;E 
- 
0.1 


'~'o 


~ 
4.0 


'"'"!:; 
3.0 
0> 
~ 
•... 
2.0 
::> 
0 
6 
> 


1.0 


f-- 
-~~i:.~o 
V 


TA' 
DoC 


250C- 


7ooC_ 


5.0 


~ 
4.0 


'"'"!:; 
3.0 
0>•... 
~ 2.0 
0 
6 
> 
1.0 


TA' 
25°C 
- 
No load 
VCC ~ 5.5V- 


5.OV- 


4.5V 
- 
I 


VCC~5.oV 
./ 
f--TA' 
25°C 


No load 
/' 


./ 


./ 


./ 
/' 
/' 


./ 


2.0 
3.0 


VI. INPUT VOLTAGE IV) 


0.8 
~ 
0.7 
w 
'"'"!:; 
0.6 
0>•... 
0.5 
::>~ 
•... 
::> 
0.4 
0 


w 
~ 
0.3 


;0~ 
0.2 


.0 
0 
0.1 
> 


VCC" '5.0 V 
- 
-VI"5.oV 
TA ~ 25°C 
---- 


~ - 
- 
--- 
.- 


5.0 
10 


10. OUTPUT CURRENT ImA) 


Seven Channels 
" 
30 
TA '" 25°C 
~ 
~ 


No load 
25 
~ 
::> 
20 
~~ 
:l: 
15 


;;l 
~ 
10 


5.0 


0 


0 
3.0 
4.0 
5.0 


VCC. SUPPLY VOLTAGE IV) 


® MOTOROLA 


The MC75128 and MC75129 are eight-channel 
line receivers 
designed to satisfy the requirements 
of the input/output 
interface 
specification 
for 
IBM 360/370. 
Both 
devices 
feature 
common 
strobes for each group 
of four 
receivers. The MC75128 has an 
active high strobe; the MC75129 has an active low strobe. 
Special low-power 
design and Schottky-diode-clamped 
transis- 
tors allow low supply current requirements 
while maintaining 
fast 
switching 
speeds and high-current 
TTl outputs. 
Both devices are 
characterized 
for operation 
from 0 to 70·C. 


• 
Meets IBM 360/370 
I/O Specification 


• 
Input Resistance - 7 krl to 20 krl· 


• 
Output Compatible with DTL or TTL 


• 
Schottky-Clamped Transistors 


• 
Operates from a Single 5 Volt Supply 


• 
High·Speed - 
Low Propagation Delay 


• 
Ratio Specification - tpLH/tPH L 


• 
Common Strobe for Each Group of Four Receivers 


• 
MC75128 Strobe - Active-High 
MC75129 Strobe - Active-Low 


, /4 MC3481 or 
1/4 MC3485 
r-------, 
I 
I 


MC75128 
MC75129 


EIGHT-CHANNEL 
LINE 
RECEIVERS 


"'_J 
LSUFRX 


1 
CERAMIC 
PACKAGE 


CASE 
732-03 


'"~1 
PSUFRX •• 


PLASTIC 
PACKAGE 


CASE 
738-03 


PIN 
CONNECTIONS 


MC75128 


IS 
20 
VCc 


lA 
2 
19 
lY 


2A 
3 
18 
2Y 


3A 
4 
17 
3Y 


4A 
16 
4Y 


5A 
6 
15 
5Y 


6A 
14 
6Y 


7A 
8 
13 
7Y 


8A 
9 
12 
8Y 


GND 
10 
11 
2S 


MC75129 


IS 
20 
VCC 


lA 
19 
IV 


2A 
3 
18 
2Y 


3A 
4 
17 
3Y 


4A 
16 
4Y 


5A 
6 
15 
5Y 


6A 
14 
6Y 


7A 
8 
13 
7Y 


8A 
9 
12 
8Y 


GND 
10 
11 
2S 


• 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
+7.0 
V 


A Input Voltage 
VIA 
-0.15 
to +7.0 
V 


Strobe Input Voltage 
VIS 
+7.0 
V 


Power Dissipation 
(Package Limitation) 


Ceramic 
Package 
Po 
1150 
mW 


Plastic 
Package 
960 
Derate 
Above 
TA = 25°C 
1/ROJA 
-7.7 
mWtoC 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +70 
°c 


Junction Temperature 
TJ 
°c 


Ceramic 
Package 
+175 


Plastic 
Package 
+150 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
°c 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Voltage 
VCC 
4.5 
5.0 
5.5 
Vdc 


High 
Level 
Output 
Current 
10H 
- 
- 
-0.4 
mA 


Low Level Output Current 
10L 
16 
mA 


Operating 
Ambient 
Temperature 
Range 
TA 
0 
+70 
°c 


ELECTRICAL 
CHARACTERISTICS 


(Unless otherwise 
noted, 
these 
speCIfications 
apply 
over recommended 
power 
supply 
and temperature 
ratings. 
Typical 
values measured at 


TA = 25°C and VCC • +5.0 VI 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
High-Level 
Input Voltage 
VIH 
V 
A Inputs 
1.7 
- 
- 


S Inputs 
2.0 
- 
- 


Low-Level 
Input Voltage 
VIL 
V 
A Inputs 
- 
- 
0.7 
S Inputs 
- 
- 
0.7 
High-Level Output 
Voltage 
(VCC = 4.5 V, VIL = 0.7 V,IOH 
= -0.4 
mAl 
VOH 
2.4 
3.1 
- 
V 


Low-Level 
Output 
Voltage 
(VCC = 4.5 V, VIH = 1.7 V, 10L - 16 mAl 
VOL 
- 
0.4 
0.5 
V 


Input Clamp Voltage 
1VCC= 4.5 V, II 
18 mA, S Inputs) 
VIK 
- 
1.5 
V 


High-Level 
Input Current 
1VCC - 5.5 V, VI - 3.11 V, A Inputs) 
IIH 
- 
0.3 
0.42 
mA 


1VCC= 5.5 V, VI: 
2.7 V, S Inputsl 
- 
- 
20 
~A 


Low-Level 
Input Current 
(VCC - 5.5 V, VI - 0.15 V, A Inputsl 
IlL 
- 
- 
-0.24 
mA 
(VCC = 5.5 V, VI = 0.4 V, S Inputsl 
- 
- 
-0.4 


Short Circuit Output 
Current· 
(VCC - 5.5 V, Vo 
- 0) 
10S 
-18 
- 
-60 
mA 
nput ReSIStance 1VCC· 
4.5 V, 0 V, or Open, dVI = 0.15 V to 4.15 V) 
rj 
7.0 
- 
20 
kfl 


Power Supply Current 
Outputs High-Logic State, all inputs at 0.7 V 
tCCH 
mA 
(VCC = 5.5 V, Strobe at 2.4 V - 
MC75128) 
- 
19 
31 
IVCC = 5.5 V, Strobe at 0.4 V - 
MC75129) 
- 
19 
31 


Power Supply Current - 
Outputs 
Low-Logic 
State, all inputs at 4.0 V 
ICCL 
mA 
(VCC = 5.5 V, Strobe at 2.4 V - MC751281 
- 
32 
53 


(VCC = 5.5 V, Strobe at 0.4 V - 
MC751291 
- 
32 
53 


Characteristic 
Symbol 
MC75128 
MC75129 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


Propagation Delay Time - 
From A Inputs 
ns 
Low-to-High-Level 
Output 
tPLH(AI 
7.0 
14 
25 
7.0 
14 
25 


High·to-Low-Level 
Output 
tpHLIAl 
10 
18 
30 
10 
18 
30 


Propagation Delay Time 
From S Inputs 
ns 


Low-to-High·Level 
Output 
tPLHISI 
- 
26 
40 
- 
20 
35 


High-to·Low-Level 
Output 
tpHLISI 
- 
22 
35 
- 
16 
30 


Ratio of Propagation Delay Times - 
A Inputs 
tpLH(AlitPHLIAI 
0.5 
0.8 
1.3 
0.5 
0.8 
1.3 


Transition 
Time, 
Low-to-High-Level 
Output 
tTLH 
1.0 
7.0 
12 
1.0 
7.0 
12 
ns 


Transition 
Time, 
High-to-Low·Level 
Output 
tTHL 
1.0 
3.0 
12 
1.0 
3.0 
12 
ns 


INPUT 


(See Notes 


A, 
D. and 
E) 
J Foo" 
FROM 
OUTPUT 


UNDER 
TEST 
lOIII.' .1.'l 
I 
(Se8 Note 
C) -= 
_ 
50 pF 


- 
(See Note 
B) 


NOTES: 
A. 
Input 
pulses 
are supplied 
by a generator 
having 
the 


following 
characteristics: 
20"" 
50 n, PRR'" 
5 MHz. 


B. 
Includes 
probe 
and jig capacitance. 


C. 
All 
diodes 
are MM07000 
or equivalent. 


D. 
The strobe 
inputs 
of MC75129 
are in-phase 
with 
the 


output. 


E. 
Vref1 
'"' 0,7 V and Vref2 
"" 1.7 V for 
testing 
data 
(A) 


Inputs, 
V ref1 
'" V ref2 
"" 1.3 V for 
strobe 
inputs. 


r---------------- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 
,_ 


To Three 


Other 


Channels 


....., 


To Seven 


Other 
Channel. 


0.4• 


4' 
0.3 


.5 
....zworor 
0.2 
=>'-'~ 
:!:- 
0.1 


5.0 


?: 
4.0 


w 
'"«~ 
3.0 
0> 
~ 
!; 
2.0 
0 
6 
> 


1.0 


- 
f-VCC·5.0V 


No load 


TA'OoC 
- - 


25°C-_ 


70oC- 


I 


5.0 


?: 


4.0 


w 
'"«~ 3.0 
0> 
~ 
.... 
2.0 
g 
6 
> 


1.0 


TA'" 25°C 
- 
No load 


VCC·5.5V- 


5.0V- 


4.5V- 


VCC' 5.0'V 
/ 
-TA' 
25°C 


No Load 
/ 


./ 


./ 


./ 


./' 


./' 


./ 


2.0 
3.0 
4.0 


V,. INPUTVOLTAGE (V) 


0.8 
?: 
0.7 
'"«~ 
0.6 
0> 
.... 
0.5 


'"g 
0.4 


w 
~ 
0.3 
~ 
0.2 


.:, 
0 
0.1 
> 


VCC' 5.0 V 
- 
VI=5.0V 


TA = 25°C 
- 


f..-- 
--~ 
- 
--- 
..••.. 
,r 


5.0 
10 
15 


'0. OUTPUTCURRENT(mAl 
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QUAD LINE DRIVERS WITH NAND ENABLED 
THREE-STATE OUTPUTS 
The Motorola 
SN75172/174 are monolithic 
quad differential 
line 
drivers with three-state 
outputs. 
They are designed specifically 
to 
meet the requirements 
of EIA-485, EIA-422A Standards and CCITT 
recommendations 
V.11 and X.27. 


The device 
is optimized 
for 
balanced 
multipoint 
bus trans- 
mission 
at rates up to 4 megabits 
per second. 
Each driver 
fea- 
tures wide positive 
and negative 
common-mode 
output 
voltage 
ranges 
making 
it suitable 
for 
party-line 
applications 
in noisy 
environments. 


The SN75172/174 
provides 
positive- 
and negative-current 
lim- 
iting and thermal 
shutdown 
for protection 
from 
line fault condi- 
tions on the transmission 
bus line. Shutdown 
occurs at a junction 
temperature 
of approximately 
150'C. These devices 
offer 
opti- 
mum 
performance 
when 
used with 
the 
SN75173 
or SN75175 
quadruple 
differential 
line receivers. 


• 
Meets EIA-485 Standard 
for Party-Line 
Operation 


• 
Meets 
EIA Standard 
EIA-422A 
and CCITT Recommendations 
V.11 and X.27 


• 
Designed 
for 
Multipoint 
Transmission 
on Long 
Bus Lines in 
Noisy Environments 


• 
3-State Outputs 


• 
Common 
Mode Output Voltage 
Range ... 
- 7.0 V to 12 V 


• 
Active 
High and Active 
Low Enables 


• 
Thermal 
Shutdown 
Protection 


• 
Positive and Negative 
Current 
Limiting 


• 
Operates from 
Single 5.0 Volt Supply 


• 
Low Power Requirements 


• 
Functionally 
Interchangeable 
With 
AM26LS31 
(SN75172) 
MC3487 (SN75174) 


Input A 
VCC 
Input A 


Outputs A { 
Input D 
Outputs A { 


} Outputs D 
Enable 
Ala Control 


Outputs a { 
Enable 
Outputs a { 


11 
} Outputs C 
Input a 
Input a 


Gnd 
Input C 
Gnd 


SN75172 
SN75174 


QUAD 
EIA-485 
LINE DRIVERS 
WITH 
THREE-STATE 
OUTPUTS 
- 


16 , 


J SUFFIX 
CERAMICPACKAGE 
CASE620-10 


N SUFFIX 
PLASTICPACKAGE 
CASE648-06 


Input D 


} Outputs D 


C/DControl 


} Outputs C 


Input C 


TRUTH TABLE 


Control 


Inputs 
Noninverting 
Inverting 
Input 
(EiE) 
Output 
Output 


H 
H/L 
H 
L 
L 
H/L 
L 
H 
X 
UH 
Z 
Z 


L = Low Logic State 
H ~ High Logic State 
X = Irrelevant 
Z = Third-State (High Impedance) 


TRUTH TABLE 


Control 
Noninverting 
Inverting 


Input 
Input 
Output 
Output 


H 
H 
H 
L 
L 
H 
L 
H 
X 
L 
Z 
Z 


L = Low Logic State 
H = High Logic State 
X = Irrelevant 
Z = Third-State (High Impedance) 
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QUAD 
EIA-485 
LINE RECEIVERS 
The Motorola 
SN751731175 are monolithic 
quad differential 
line 
receivers with three-state 
outputs. 
They are designed specifically 
to meet the requirements 
of EIA-485, EIA-422A123A Standards and 
CCITT recommendations. 


The devices are optimized 
for balanced 
multipoint 
bus trans- 


mission 
at rates up to 10 megabits 
per second. They also feature 
high input impedance, 
input hysteresis for increased noise immu- 
nity, and input sensitivity 
of ±200 millivolts 
over a common 
mode 
input 
voltage 
range of -12 
volts to 12 volts. The SN75173/175 
are designed 
for 
optimum 
performance 
when 
used with 
the 
SN75172 or SN75174 quad differential 
line drivers. 


• 
Meets EIA Standards 
EIA-422A and EIA-423A. EIA-485 


• 
Meets CCITI Recommendations 
V.10, V.11, X.26. and X.27 


• 
Designed 
for 
Multipoint 
Transmission 
on Long Bus Lines in 
Noisy Environments 


• 
3-State Outputs 


• 
Common-Mode 
Input Voltage 
Range ... 
-12 
V to 12 V 


• 
Input Sensitivity 
± 200 mV 


• 
Input Hysteresis 
50 mV Typ 


• 
High Input Impedance 
... 
1 EIA-485 Unit Load 


• 
Operates from 
Single 5.0 V Supply 


• 
Low Power Requirements 


• 
Plug-In Replacement 
for MC3486 (SN75175) 
AM26LS32 
(SN75173) 


Inputs 


Output 
B 
Output 
A 
A 


3·State 
Output 
3·State 


Control 
B 
Control 


A/C 
Output 
3·State 
Output 
C 
Control 
C 


Output 
Inpuls 
D 
Inputs 
C 
C 


Inputs 


Gnd 
D 
Gnd 


ORDERING 
INFORMATION 


Device 
Temperature 
Package 


SN75173J 
o to +70°C 
Ceramic 
DIP 


SN75173N 
o to +70°C 
Plastic DIP 


This 
document 
contains 
information 
on a new 
~roduct. Specifications 
and 
information 
herein 
are 
subject 
to change 
without 
notice. 


SN75173 
SN75175 


QUAD 
EIA-485 
LINE RECEIVERS 
WITH 
THREE-STATE 
OUTPUTS 


J SUFFIX 
CERAMIC 
PACKAGE 
CASE 620-10 
- 


1 
N SUFFIX 
PLASTIC 
PACKAGE 
CASE 648-06 


} InPts 


Output 


B 
3-State 
Control 
BID 


Output 
D 


ORDERING 
INFORMATION 


Device 
Temperature 
Package 


SN75175J 
o to +70oC 
Ceramic 
DIP 


SN75175N 
o to +70oC 
Plastic DIP 


•• 


II 


Power Supply Voltage 
VCC 
7.0 
Vdc 


Input Common 
Mode Voltage 
VICM 
±25 
Vdc 


Input Differential 
Voltage 
VID 
±25 
Vdc 


Three·State 
Control Input Voltage 
VI 
7.0 
Vdc 


Output 
Sink Current 
10 
50 
mA 


Storage Temperature 
Tstg 
-6510+150 
°c 


Operating 
Junction 
Temperature 
- 
Ceramic 
Package 
TJ 
+175 
°c 


- 
Plastic Package 
+150 


Rating 
Symbol 
Value 
Unit 


Power 
Supply Voltage 
VCC 
4.75 to 5.25 
Vdc 


Operating 
Ambient 
Temperature 
TA 
010 +70 
°c 


Input Common 
Mode Voltage 
Range 
VICM 
-12to+12 
Vdc 


Input Differential 
Voltage 
Range 
VIDA 
-12 to +12 
Vdc 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Differential 
Input Threshold 
Voltage 
(Note 2) 
VTH(DI 
V 
(- I 2 V';; 
VICM ,;; 12 V. VIH 0 2.0 V) 


(100 -0.4 
mA. VOH '" 2.7 VI 
- 
- 
02 
(10016 
mA. VOL';; 
0.5 VI 
- 
- 
-02 


Input Hysteresis 
VT+-VT_ 
- 
50 
- 
mV 


Input Line Current (Differential 
Inputs) 
II 
mA 


(Unmeasured 
Input at 0 V - 
Note 3) 


(Vlo 
+12 VI 
- 
- 
1.0 


(Vlo 
-7.0 VI 
- 
- 
-08 


Input Resistance (Note 4) 
rj 
1 Unit 
- 
- 


Load 


Input Balance and Output Level (Note 3) 
V 
(- I 2 V';; 
VICM';; 
12 V. VIH 0 2.0 VI 


(100 -0.4 
mA. VID 0 0.2 V) 
VOH 
2.7 
- 
- 


(100 8.0 mA. VID 0 -0.2 
VI 
VOL 
- 
- 
0.45 


(10 = 16 mA. VID = -0.2 
VI 
VOL 
- 
- 
0.5 


Input Voltage 
- 
High Logic State (Three-State 
Control) 
VIH 
2.0 
- 
- 
V 


Input Voltage 
- 
Low Logic State (Three-State 
Control) 
VIL 
- 
- 
08 
V 


Input Current 
- 
High Logic State (Three-State 
Controll 
IIH 
~A 
(VIH = 2.7 V) 
- 
- 
20 


(VIH = 5.5 VI 
- 
- 
100 


Input Current 
- 
Low Logic State (Three-State 
Control) 
IlL 
- 
- 
-100 
~A 
(VIL = 0.4 V) 


Input Clamp Diode Voltage 
(Three-State 
Control) 
VIK 
- 
- 
-1.5 
V 
(11K= -18 mAl 


Output 
Third State Leakage 
Current 
10l 
~A 
(VI(DI = 3.0 V. VIL = 0.8 V. Vo 0 04 
VI 
- 
- 
-20 
(VI(DIO -3.0 V. VIL 00.8 
V. Vo = 2.4 VI 
- 
- 
20 


Output Short-Circuit 
Current (Note 51 
10S 
-15 
- 
-85 
mA 
(VI(DI = 3.0 V. VIH = 2.0 V. Vo 0 0 VI 


Power Supply Current 
ICC 
- 
- 
70 
mA 
(VIL = 0 V) (All Inputs 
Grounded) 


NOTES: 


1. All currents 
into 
device 
pins are shown 
as positive. 
out of device 


pins are negative. 
All voltages 
referenced 
to ground 
unless 
other- 


wise 
noted. 
2. 
Differential 
input 
threshold 
voltage 
and 
guaranteed 
output 
levels 


are done 
simultaneously 
for worst 
case. 
3. 
Refer 
to EIA-485 
for exact 
conditions. 
Input 
balance 
and guar- 


anteed 
output 
levels 
are done 
simultaneously 
for worst 
case. 


4. 
Input 
resistance 
should 
be derived 
from 
input 
line current 
speci- 


fications 
and 
is shown 
for reference 
only. 
See EIA-485 
and 
input 


line current 
specifications 
for more 
specific 
input 
resistance 
in- 


formation. 


5. 
Only 
one output 
at a time 
should 
be shorted. 


SN75173 
SN75175 
Characteristic 
Symbol 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


Propagation 
Delay Time - 
Differential 
Inputs to Output 
ns 


(Output 
High to Low) 
tPHLID) 
- 
25 
35 
- 
25 
35 
(Output Low to High) 
tPLHIDI 
- 
25 
35 
- 
25 
35 


Propagation 
Delay Time - 
Three-State 
Control to Output 
ns 
(Output 
Low to Third State) 
tpLZ 
- 
20 
40 
~ 
16 
35 
(Output High to Third State) 
tpHZ 
- 
20 
30 
- 
19 
35 


(Output 
Third State to High) 
tpZH 
- 
16 
22 
- 
11 
30 


(Output 
Third State to Low) 
tpZL 
- 
16 
25 
~ 
11 
30 


SN75173 


FUNCTION 
TABLE 
lEACH 
RECEIVER) 


SN75175 


FUNCTION 
TABLE 
lEACH 
RECEIVER) 


3-State 
Differential 
Inputs 
Control 
Output 


4 
12 
Y 


VID"" 
0.2 V 
H 
X 
H 


X 
L 
H 


H 
X 
, 


-0.2 
V < VID < 0.2 V 
X 
L 
? 


VID<;; -0.2 
V 
H 
X 
L 
X 
L 
L 


X 
L 
H 
Z 


Differential 
Inputs 
3-State 
Output 


Control 
y 


VID"" 
0.2 V 
H 
H 


-0.2 
V< 
VID< 
0.2 V 
H 
, 


VID <;;-0.2 
V 
H 
L-- 


X 
L 
Z 


H = high level 


L;:: low level 


X;:: irrelevant 


3'OV~Input 
1 5 V 
1.5 V 


IPL~I~) 
---- 
'PHL(D) 


VOH 


CL= 15pF 
I (Includes 
Probe 


":"' 
and Stray 
Capacitance) 


Input Pulse Charactertstlcs 
- 


tTLH = tTHL = 60 
ns 110% to 90%) 
PRR = 1 0 MHz. 50% Duty Cycle 


II 


Input Pulse Characteristics 
- 


tTLH = tTHL = 6.0 ns (10% to 90%) 
PRR = 1.0 MHz, 50% Duty Cycle 


FIGURE 
2 - 
PROPAGATION 
DELAY, 
THREE-STATE 
CONTROL 
INPUT 
TO OUTPUT 


~YL..:..:.::/i 
• 
I 
! 
: 
, 
I 
I 
I 
I 
I 
I 


Input 
0 V 
1.5 V 
SW1 Closed 


--l 
r-tPLZ 
SW2 Closed 


=1.3V--+~ 


Output 
~V 
L 


VOL 
~-------- 
0 V 


3.0V~tPZH 


1.5 V 
1.5 V 
SW10pen 
o V ---- 
SW2 Closed 


~ 


PZH 


VOH 


o V 
1.5 V 


SWl 


...----. 
+ 5.0 V 


All Diodes 1N916 
or Equivalent 
CL = 15 pF I 


(Includes 
Probe 
and Stray 
_ 


Capacitance) 
- 


3.0 V 
tpZL 


Input 
1.5 V 
o V -___ 
SW2 Open 


=5.0V-VSE 
_~ltPZL 


Output -.I ~ 


VOL 
0 V 


I 
VCC= 5.0 V 
I 
TA = 25°C 


VCM=-12V 
VCM=+12V 


o 
-140-120-100-80 
-60 
-40 -20 
0 
20 
40 
60 
80 
100 120 140 
VIQ, DIFFERENTIAL 
INPUT VOLTAGE (mV) 


I 
I 


Vcc J 5.0 V 


VCCJ 5.25 V 


- 


VCC - 4.75 V 


I 


VIO = +0.2 V 
Load = 8.0 kO to Gnd 


TA = 25°C 


SN75173 
VI to Pin 4. Pin 12 = 2.0 V 


SN75175 
VI to Pin 4 or 12 


I 
f 
I 
I 


I 


0;;4.0 
~~ 


~ 30 


•.... 


~ 
2.0 


~l,O 


g 


~ 
4.0 


co~o 3.0 
> 
•.... 


~ 
_ 
2.0 


'" 
1.0 


co 
"$ 
0 


0 


Vcc = 5.0 V 
10H = 400 ~A- 
- 


g 4.5 


~ 
4.0 


~ 
3.5 
~g 3.0 
•.... 


~ 
2.5 


~ 
2.0 


~ 
1.5 


~ 
1.0 
".z 0.5 
~ 
0 
o 


'- 
Vcc 15.25 V 


SN751~3 
VI 10 'Pin 12. 
Pin 4 = 0 V 


VIO =io.2V 
I 
VCC = 5.0 V 
- 
Load = 8.0 kO to Gnd 
'- 
VCC = 4.75 V 
TA = 25°C 


co~g 2.0 


~ 
01.0 
~ 


V 
/ 
/ 
/ 
./ 
/ 
/ 
VCC = 50 
V _ 


TA = 25°C 
- 


0;;~ 
'" 
~ 
0.4 


~ 
'"~ 
03 


~ 
o 
0.2 
~ 


~ 
0.1 
~ 


VCC=5.0V 
10L = 16 mA 


o 


U 
10 
20 
30 
40 
50 
HO 
70 
80 
90 
100 


IA. fREE 
AIR TEMPERATURE 
1°C) 


II 


II 


· .. designed 
to protect 
input/output 
lines of microprocessor 
systems 
against voltage 
transients. 


• 
Optimized 
for HMOS System 


• 
Minimal 
Component 
Count 


• 
Low Board Space Requirement 


• 
No P.C.B. Track Crossovers 
Required 


• 
Applications 
Areas Include Automotive, 
Industrial, 


Telecommunications 
and Consumer 
Goods 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
SO-88.- 
1 


PIN ASSIGNMENT 
Gnd08 
VCC 
Clamp 2 
7 Clamp 


Clamp 3 
6 Clamp 


Clamp 4 
5 Clamp 


Digital 
~ 


Inputs 
I 


Analog 
~ 


Inputs 
1 


Rating 
Symbol 
Valua 
Unit 


Supply Voltage 
VCC 
6.0 
V 


Supply Current 
Ii 
300 
mA 


Clamping Current 
11K 
±5O 
mA 


Junction Temperature 
TJ 
125 
·c 


Power Dissipation (TA = + 85'C) 
Po 
400 
mW 


Thermal Resistance (Junction-Ambient) 
9JA 
100 
'CIW 


Operating Ambient Temperature Range 
TA 
-40 to +85 
·c 


Storage Temperature Range 
Tstg 
-55 to + 150 
·c 


Characteristic 
Symbol 
Mln 
Max 
Unit 


Positive Clamping Voltage (Note 2) 
V(IK) 
- 
VCC + 1.0 
V 
(11K= 10 mA, -40'C 
'" TA '" +85'C) 


Positive PeakClamping Current 
IIKIP) 
- 
20 
mA 


Negative Peak Clamping Voltage 
VIIKI 
-0.3 
- 
V 
(11K= -10 mA. -4O'C '" TA '" +85'C) 


Negative Peak Clamping Current 
IIK(P) 
-20 
- 
mA 


Output Leakage Current 
p.A 


(0 V '" Vin '" VCC) 
IL 
- 
1.0 
(0 V'" 
Vin '" VCC, -40'C 
'" TA '" +85'C) 
ILT 
- 
5.0 


Channel Crosstalk (AcT = 20 log IliIIK) 
ACT 
100 
- 
dB 


Quiescent Current (Package) 
IB 
- 
2.0 
mA 


CIRCUIT DESCRIPTION 


To ensure the reliable 
operation 
of any integrated 
cir- 
cuit based electronics 
system, 
care has to be taken that 
voltage 
transients 
do not reach the device I/O pins. Most 
NMOS, HMOS and Bipolar 
integrated 
circuits 
are partic- 
ularly sensitive 
to negative 
voltage 
peaks which can pro- 
voke latch-up or otherwise 
disturb the normal functioning 
of the 
circuit, 
and 
in extreme 
cases may 
destroy 
the 
device. 
Generally 
the maximum 
rating for a negative 
voltage 
transients 
on integral 
circuits 
is - 0.3 V over the whole 
temperature 
range. Classical 
protection 
units have con- 


sisted of diode/resistor 
networks 
as shown 
in Figures 2a 
and 2b. 
The arrangement 
in Figure 
2a does 
not, 
in general, 


meet the specification 
and is therefore 
inadequate. 


The problem 
with the solution 
shown 
in Figure 2b lies 
mainly 
with 
the high current 
drain through 
the biassing 
devices R, and 03. A second problem 
exists if the input 
line carries 
an analog 
signal. 
When Vin is close to the 
ground 
potential, 
currents 
arising from 
leakage and mis- 
match between 
03 and 02 can be sourced into the input 
line, thus disturbing 
the reading. 


• 


II 


Figure 3 shows the clamping 
characteristics 
which are 
common 
to each of the six cells in the Peripheral Clamp- 
ing Array. 


As with 
the classical 
protection 
circuits, 
positive 
volt- 
age transients 
are clamped 
by means of a fast diode to 
the VCC supply 
line. 


FIGURE 3 - 
CLAMPING 
CHARACTERISTICS 


11K 


+10 
mA 


• 
low I 


Impedance 


High 


Impedance 


low 
• 
Impedance 


APPLICATIONS 
INFORMATION 


Figure 4 depicts 
a typical 
application 
in a microcom- 
puter based automotive 
ignition 
system. 


The TCF6000 is being used not only to protect the sys- 


tem's 
normal 
inputs but also the (bidirectional) 
serial di- 
agnostics 
port. 


The value of the input resistors, 
Rin, is determined 
by 
the clamping 
current 
and the anticipated 
value 
of the 
spikes. 


Thus: 


R' 
=lOhms 
In 
11K 


where 
V 
= Peak volts (Volts) 
11K 
= Clamping 
current 
(Amps) 


So, taking 
V 
= 300 V typically 
(SAE J1211) 


11K 
= 10 mA (recommended) 


Resistors of this value will not usually cause any prob- 


lems in MOS systems, 
but their 
presence 
needs to be 
taken into account 
by the designer. 
Their effect will nor- 
mally need to be compensated 
for in Bipolar systems . 


FIGURE 4 - 
TYPICAL AUTOMOTIVE 
APPUCATION 


VCC 


T 
C 
F 
= 
6 
Gnd 
0 
I 
0 
0 
Gnd 


VCC 


INT1 
BO 
Coil 


Drive 


06 
Coil 
01 


MC6B05 
Feedback 


52 


DO 
B1 


Gnd 


Serial 
Diagnostics 


The use of Cin is not mandatory, 
and is not recom- 
mended 
where 
the 
lines to be protected 
are used for 
output or for both input and output. For digital input lines, 
the use of a small capacitor 
in the range of 50 to 220 pF 
is recommended 
as this 
will 
reduce the rate of rise of 
voltage seen by the TCF6000 and hence the possibility 
of 
overshoot. 
In the case of the analog 
inputs, such as that from the 
pressure 
sensor, the capacitor 
Cin is necessary 
for de- 
vices, such as the MC6805S2 shown, which present a low 
impedance 
during 
the sampling 
period. 
The maximum 
value for Cin is determined 
by the accuracy required, the 
time taken to sample the input and the input impedance 
during that time, while the maximum 
value is determined 
by the required 
frequency 
response and the value of Rin. 


Thus for a resistive 
input AID connector 
where: 


TS = Sample time 
(Seconds) 
RO = Device input 
resistance 
(Ohms) 
Vin = Input voltage 
(Volts) 
k 
= Required 
accuracy 
(%) 
01 = Charge on capacitor 
before sampling 
02 
= Charge on capacitor 
after sampling 
10 = Device input current 
(Amps) 


o 
0 
_ k.Ol 
1- 
2 - 
100 


but 
01 
= Cin Vin 


and 
01-02 
= 10.TS 


so that 
10 TS = k,C;~~Vin 


.) 
10·TS 
and 
Cin (m," 
= -V, 
k 
Farad 
In' 


. 
100.TS 
so 
Cin (m,") 
= 
k.RO 
Farad 


The calculation 
for a sample 
and hold type converter 
is even simpler: 


k 
= Required accuracy 
(%) 
CH = Hold capacitor 
(Farad) 


. 
100,CH 
Cin (mtn) = --k- 
Farad 


For the MC6805S2 this comes out at: 


100.25 pF 
Cin (min) 
= 
0.25 
- 
10 nF for 1/4% accuracy • 


The ULN20S8B is a high-voltage, 
high-current 
quad Darlington 
switch 
array designed 
for high current 
loads, both resistive 
and 
reactive, 
up to 300 watts. 


It is intended 
for interfacing 
between 
low level (TTL, DTL, LS 
and 5.0 V CMOS) 
logic 
families 
and peripheral 
loads 
such 
as 
relays, solenoids, 
dc and stepping 
motors, 
multiplexer 
LED and 
incandescent 
displays, 
heaters, 
or 
other 
high voltage, 
high 
current 
loads. 
The Motorola 
ULN20S8B is specified with minimum 
guaranteed 
breakdown 
of 50 V and is 100% tested 
for safe area using 
an 
inductive 
load. It includes 
integral 
transient 
suppression 
diodes. 


Use of a predriver 
stage reduces input current while still allowing 
the device to switch 
1.5 Amps. 


It is supplied 
in an improved 
1S-Pin plastic 
DIP package with 
heat sink contact tabs (Pins 4,5 
and 12, 13). A copper 
alloy lead 
frame allows maximum 
power dissipation 
using standard cooling 
techniques. 
The use of the contact tab lead frame facilitates 
attach- 
ment of a DIP heat sink while permitting 
the use of standard 
layout 
and mounting 
practices. 


• 
TIL, 
DTL, LS, CMOS Compatible 
Inputs 


• 
1.5 Amp 
Maximum 
Output 
Current 


• 
Low Input Current 


• 
Internal 
Freewheeling 
Clamp Diodes 


• 
100% Inductive 
Load Tested 


• 
Heat Tab Copper Alloy 
Lead Frame for Increased Dissipation 


Rating 
Symbol 
Value 
Unit 


Output Voltage 
Vo 
50 
V 


Input Voltage (Note 1) 
VI 
15 
V 


Supply Voltage 
Vs 
10 
V 


Collector Current (Note 21 
IC 
1.75 
A 


Input Current (Note 3) 
II 
25 
mA 


Operating Ambient Temperature Range 
TA 
o to +70 
°c 


Storage Temperature Range 
Tstg 
-55 to + 150 
°c 


Junction 
Temperature 
TJ 
150 
°c 


Notes: 


1. 
Input 
voltage 
referenced 
to ground. 


2. 
Allowable 
output 
conditions 
shown 
in Figures 
11 and 
12. 


3. 
May 
be 
limited 
by max 
input 
voltage. 


QUAD 1.5 A 
DARLINGTON SWITCH 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


B SUFFIX 
PLASTICPACKAGE 
CASE648C-02 


K 


C 


B 


Gnd 


Gnd 
Gnd 


8 
8 


NC 
C 


C 
K 


•• Other 
options 
of this 
ULN2060t2070 
series 
are 
avail- 
able for volume 
applications. 
Contact your loeal Mo· 


torole 
Sales 
Representative. 


Characteristic 
Fig. 
Symbol 
Min 
Typ 
Max 
Unit 


Output Leakage Current 
ICEX 
!LA 
(VCE = 50 V) 
1 
- 
- 
100 
(VCE = 50 V, TA = 70·C) 
- 
- 
500 


Collector-Emitter 
Saturation Voltage 
VCE(sat) 
V 


(lC = 500 mAI 
- 
- 
1.13 


(lC = 750 mA 
V· 
= 2.4 VI 
2 
- 
- 
1.25 
(lC = 1.0 A 
In 
- 
- 
1.40 
(lC = 1.25 A 
- 
- 
1.60 


Input Current - 
On Condition 
I1(0n) 
mA 
(VI = 2.4 V) 
4 
- 
- 
0.25 
(VI = 3.75 V) 
- 
- 
1.0 


Input Voltage - 
On Condition 
5 
Vllon) 
V 
(VCE = 2.0 V, IC = 1.5 A) 
- 
- 
2.4 


Inductive Load Test 
6Vout 
mV 
(VS = 5.5 V, VCC = 24.5 V, 
3 
- 
- 
100 
tpw = 4.0 msl 


Supply Current 
8 
IS 
mA 
(lC = 500 mA, Vin = 2.4 V, Vs = 5.5 V) 
- 
- 
6.0 


Turn-On Delay Time 
- 
tpHL 
j'.S 
150%EI to 50% EO) 
- 
- 
1.0 


Turn-Off Oelay Time 
- 
tpLH 
.,s 
(50% EI to 50% EO) 
- 
- 
4.0 


Clamp Diode Leakage Current 
IR 
.,A 
(VR = 50 V) 
6 
- 
- 
50 
(VR = 50 V, TA ~ 70·C) 
- 
- 
100 


Clamp Diode Forward Voltage 
VF 
V 
(IF = 1.0 A) 
7 
- 
- 
1.75 
(IF = 1.5 AI 
- 
- 
2.0 


FIGURE2 
FIGURE 1 
Open 
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VCE 


i 
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FIGURE 
13 - 
TA = 7O"C wlSTAVER 
V-7 
FIGURE 
14- 
TA = SO'C w/o 
HEAT 
SINK 
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FIGURE 
15 - 
TA = 5O'C wlSTAVER 
v-a 
FIGURE 
16 - 
TA = 5O"C wi STAVER 
V-7 
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The ULN2074B is a high voltage, 
high current quad Darlington 
switch 
array designed 
for high current 
loads, both resistive 
and 
reactive, 
up to 300 watts. 
It is intended 
for interfacing 
between 
low level (TTL, DTL, LS 
and 5.0 V CMOS) 
logic 
families 
and peripheral 
loads such 
as 
relays, solenoids, 
dc and stepping 
motors, 
multiplexer 
LED and 
incandescent 
displays, 
heaters, 
or 
other 
high-voltage, 
high 
current 
loads. 


The Motorola 
ULN2074B is specified with minimum 
guaranteed 
breakdown 
of 50 V and is 100% tested 
for safe area using 
an 
inductive 
load. 


It is supplied 
in an improved 
16-Pin plastic 
DIP package with 
heat sink contact tabs (Pins 4, 5 and 12,13). 
A copper 
alloy lead 
frame allows maximum 
power dissipation 
using standard cooling 
techniques. 
The use of the contact tab lead frame facilitates 
attach- 
ment of a DIP heat sink while permitting 
the use of standard 
layout 
and mounting 
practices. 


• 
TTL, DTL, LS, CMOS Compatible 
Inputs 


• 
1.5 Amp 
maximum 
Output 
Current 


• 
Low Input Current 


• 
100% Inductive 
Load Tested 


• 
Heat Tab Copper Alloy 
Lead Frame for Increased Dissipation 


MAXIMUM 
RATINGS 
(TA = 25°C and ratings 
apply to anyone 
device in the package 


unless otherwise 
noted). 


Rating 
Symbol 
Value 
Unit 


Output 
Voltage 
Vo 
50 
V 


Input 
Voltage 
(Note 
1) 
VI 
30 
V 


Collector 
Current 
(Note 
21 
Ie 
1.75 
A 


Input 
Current 
(Note 
3) 
II 
25 
mA 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +70 
°e 


Storage 
Temperature 
Range 
Tstg 
-55 
to +150 
°e 


Junction 
Temperature 
TJ 
150 
°e 


Notes: 


1. Input voltage referenced to ground (substrate). 
2. Allowable output conditions shown in Figures 8 and 9. 
3. May be limited by max input voltage. 
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QUAD 
1.5 A 
DARLINGTON 
SWITCH 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


B SUFFIX 
PLASTIC PACKAGE 
CASE 648C-02 


ORDERING 
INFORMATION" 
I 


Temperature 


Device 
Range 
Package 


ULN2074B 
O°C to +70°C 
Plastic 
DIP 


• Other options 
of this ULN2060/2070 
series are 


available 
for volume 
applications. 
Contact your 


local Motorola 
Sales Representative. 


Characteristic 
Fig. 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Leakage 
Current 
ICEX 
~A 
(VCE; 50 V) 
1 
- 
- 
100 
IVCE; 50 V. TA ; 70°C) 
- 
- 
500 


Collector-Emitter 
Saturation 
Voltage 
VCElsat) 
V 
(lc ; 500 mA. II ; 625 ~A) 
- 
- 
1.13 
(IC; 750 mA. II; 935 ~A) 
2 
- 
- 
1.25 
IIC; 
1.0 A. II; 1.25 mAl 
- 
- 
1.40 
IIC; 
1.25 A. II; 2.0 mAJ 
- 
- 
1.60 


Input Current 
- 
On Condition 
Ilion I 
mA 
(V,; 
2.4 VI 
4 
2.0 
- 
4.3 
(VI; 
3.75 VI 
4.5 
- 
9.6 


Input Voltage - 
On Condition 
5 
VI(on) 
V 
(VCE; 2.0 V. IC; 1.0 A) 
- 
- 
2.0 
(VCE; 2.0 V. IC; 1.5 A) 
- 
- 
2.5 


Inductive 
Load Test 
3 
Ll.VOUI 
- 
- 
100 
mV 
(VCC; 24.5V. tpw; 
4.0 ~sl 


Turn-On 
Delay Time 
- 
IPHL 
- 
- 
1.0 
~s 
150%EI 10 50% EO) 


Turn-Off 
Delay Time 
- 
IPLH 
- 
- 
1.5 
~s 
150%EI 10 50% EO) 


i 
,14m, 


Vo~ 
~ 
J11LJ 
"-Vout2 


Ll.Vout = IVoul1 
- Vout21 
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OCTAL HIGH VOLTAGE. HIGH CURRENT 
DARLINGTON TRANSISTOR ARRAYS 


The eight NPN Darlington connected transistors 
in this family of 
arrays are ideally suited for interfacing 
between 
low logic level 
digital 
circuitry 
(such as TTL, CMOS or PMOS/NMOS) 
and the 
higher 
current/voltage 
requirements 
of lamps, relays, printer 
hammers 
or other similar 
loads for a broad range of computer, 


industrial, 
and consumer 
applications. 
All devices feature 
open- 
collector 
outputs 
and free wheeling 
clamp diodes for transient 
suppression. 


The ULN2801 
is a general purpose device for use with CMOS, 


PMOS orTTL logic. The ULN2802 containsa zener diode and resistor 
in series with the input to limit input currents and assure compati- 
bility with 14 to 25 volt PMOS logic. The ULN2803 is designed to be 
compatible with standard TTL families while the ULN2804 is opti- 
mized for 6 to 15 volt high level CMOS or PMOS. 


MAXIMUM 
RATINGS (TA = 25°C and rating apply to anyone device in the 


package unless otherwise noted.) 


Rating 
Symbol 
Value 
Unit 


Output 
Voltage 
Vo 
50' 
V 


Input Voltage(ExceptULN2S01) 
VI 
30 
V 


Collector 
Current 
- 
Continuous 
IC 
500 
mA 


Base Current 
- 
Continuous 
IS 
25 
mA 


Operating Ambient Temperature 
Range 
TA 
o to +70 
°C 


Storage 
Temperatu 
re Ra nge 
Tstg 
-55 to +150 
°c 


Junction 
Temperature 
TJ 
125 
°c 


RaJA: 55°C/W 
Do not exceed maximum current limit per driver. 
-Higher voltage selection available. See your local representative. 


CHARACTERISTICS 


INPUT 
DEVICE 
COMPATIBILITY 
VCE(MAX)/ICIMAXI 
TA 


ULN2S01A 
GeneralPurposeCMOS,PMOS 
50 V/500 
mA 
o to +70oC 
ULN2S02A 
14-25 Volt PMOS 
50 V/500 
mA 
o to +70°C 
ULN2S03A 
TIL, 5.0 V CMOS 
50 V/500 
mA 
o to +70°C 
ULN2S04A 
6-15 V CMOS,PMOS 
SOV/SOOmA 
o to +700C 


ULn£ou." 
ULN2804 


OCTAL 
PERIPHERAL 
DRIVER 
ARRAYS 


A SUFFIX 
PLASTICPACKAGE 
CASE707-02 


Characteristic 
Fig. 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Leakage 
Current 
1 
ICEX 
~A 


('VO; 
50 V. TA; 
+70°C) 
All Types 
- 
- 
100 


('VO; 
50 V. TA; 
+25°C) 
All Types 
- 
- 
50 


('VO ; 50 V. TA ; +70°C. VI ; 6.0 V) 
ULN2802 
- 
- 
500 


('VO; 
50 V. TA; 
+70oC. VI; 
1.0 V) 
ULN2804 
- 
- 
500 


Collector-Emitter 
Saturation 
Voltage 
2 
VCE(sat) 
V 


(lC; 
350 mA. 18; 500 ~AI 
All Types 
- 
1.1 
1.6 


(IC; 
200 mA. IB ; 350 ~AI 
All Types 
- 
0.95 
1.3 


(IC; 
100 mA. IB ; 250 ~A) 
All Types 
- 
0.85 
1.1 


Input Current 
- 
On Condition 
4 
II(onl 
mA 


(VI; 
17 V) 
ULN2802 
- 
0.82 
1.25 


(VI; 
3.85 V) 
ULN2B03 
- 
0.93 
135 


(VI; 
5.0 V) 
ULN2804 
- 
0.35 
0.5 


(VI; 
12 VI 
ULN2804 
- 
1.0 
1.45 


Input Voltage 
- 
On Condition 
5 
VI(on) 
V 


(VCE; 
2.0 V. IC; 
300 mAl 
ULN2802 
- 
- 
13 


(VCE; 
2.0 V. IC; 
200 mAl 
ULN2803 
- 
- 
2.4 


(VCE ; 2.0 V. IC ; 250 mAl 
ULN2803 
- 
- 
2.7 


(VCE ; 2.0 V. IC; 
300 mAl 
ULN2803 
- 
- 
3.0 


(VCE; 
2.0 V. IC = 125 mAl 
ULN2804 
- 
- 
5.0 


(VCE; 
2.0 V. IC; 
200 mAl 
ULN2B04 
- 
- 
6.0 


(VCE ; 2.0 V. IC; 
275 mAl 
ULN2B04 
- 
- 
70 


(VCE; 
2.0 V. IC; 
350 mAl 
ULN2804 
- 
- 
8.0 


Input Current 
- 
Off Condition 
All Types 
3 
II(offl 
50 
100 
- 
~A 


(IC; 
500 ~A. TA ; +70°C) 


DC Current 
Gain 
ULN2801 
2 
hFE 
1000 
- 
- 
- 
(VCE; 
2.0 V. IC ; 350 mAl 


Input Capacitance 
CI 
- 
15 
25 
pF 


Turn-On 
Delay Time 
ton 
- 
0.25 
10 
~s 


(50% EI to 50% EO) 


Turn-Off 
Delay Time 
toff 
- 
0.25 
1.0 
~s 
(50% EI to 50% EOI 


Clamp 
Diode Leakage 
Current 
TA; 
+25°C 
6 
IR 
- 
- 
50 
~A 
(VR; 
50 VI 
TA;+70oC 
100 


Clamp Diode Forward 
Voltage 
7 
VF 
- 
1.5 
2.0 
V 
(IF; 
350 mAl 
• 


FIGURE 
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RF 
Radio communication 
has greatly 
expanded 
its scope in the 
past 
several 
years. 
Once 
dominated 
by public 
safety 
radio, 


the 30 to 1000 
MHz 
spectrum 
is now 
packed 
with 
personal 
and low cost business 
radio systems. 
The vast majority 
of this 
equipment 
uses 
FM or FSK 
modulation 
and 
is targeted 
at 
short 
range 
applications. 
From 
mobile 
phones 
and 
VHF 
marine 
radios 
to garage 
door 
openers 
and 
radio 
controlled 
toys, these 
new systems 
have become 
a part of our lifestyle. 


Motorola 
linear products 
has focused 
on this technology 
add- 
ing a wide 
array 
of new 
products 
including 
complete 
receivers 
processed 
in our exclusive 
3 GHz MOSAIC 
1.5 process. 
New. 


surface 
mount packages, 
for high density 
assembly, 
are avail- 
able for all of these 
products, 
as is a growing 
family 
of sup- 
porting 
applications 
notes 
and development 
kits. 


Telephone 
& Voice/Data 
Traditionally, 
an office environment 
has utilized two dis- 
tinctly 
separate 
wired 
communications 
systems 
- 
Telecom- 
munications 
and Datacommunications. 
Each 
had its individual 
hardware 
components 
complement 
and each 
required 
its own 
independent 
transmission 
line 
system: 
twisted 
wire 
pairs 
for 
Telecom 
and 
relatively 
high priced 
coax 
cable 
for Datacom. 


But times 
have changed. 
Today, Telecom 
and Datacom 
coex- 
ist comfortably 
on inexpensive 
twisted 
wire 
pairs 
and 
utilize 
a significant 
number 
of components 
in common. 
This has led 
to the development 
and enhancement 
of PBX (Private 
Branch 
Exchanges) 
to the 
point 
where 
the long 
heralded 
"office 
of 
the future, '. with simultaneous 
voice 
and data communications 
capability 
at each 
station, 
is no longer 
of the future 
at all. The 
capability 
is here today! 
Motorola 
semiconductor 
components 
serve 
a wide 
range 
of requirements 
for the voice/data 
marketplace. 
They 
encom- 
pass 
both 
CMOS 
and 
linear 
technologies, 
each 
to its best 
advantage, 
and upgrade 
the conventional 
analog 
voice 
sys- 
tems 
and establish 
new capabilities 
in digital 
communications. 


Early products, 
such 
as the solid-state 
single-chip 
crosspoint 
switch, 
the more 
recent 
monolithic 
Subscriber-loop-Interface 
Circuit 
(SUC), 
a single-chip 
CodeclFilter 
(Monocircuit) 
the lat- 
est Universal 
Digital 
Loop Transceivers 
(UDLT), 
and single- 
chip 
telephone 
circuits 
are just 
a few examples 
of Motorola 
leadership 
in the voice/data 
area. 
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Guide 
RF Communications 
8·2 
Telecommunications. 
. . . . . . . . . . .. 
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Alphanumeric 
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Notes 
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Data Sheets 
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Communication Circuits B 


Communication 
Circuits 


RF Communications 
Narrowband 
Dual Conversion 
Receivers. 
8-2 
AM Receiver, 
Medium/Short 
Wave 
. . . . . 
8-2 
Wideband 
Data Receivers. 
. . . . . . . . . . . . . . . . . 8·2 
Narrowband 
IFs. 
. . . . . . 
. 
8-2 
Transmitters 
. . . . . . . . . . 
. .•......... 
8-2 
Balanced 
Modulator/Demodulator 
. . . . • . . . . . . . . 8-3 


Telecommunications 
Subscriber 
Loop Interface 
.............•... 
Electronic 
Telephone 
. 


Tone Ringers 
. 
Speech Networks 
. 


Speakerphone 
. 


Telephone 
Accessory 
..........•..•...... 


CVSD Modulator/Demodulator 
....•......... 
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RF 
IF2 
Max 


Input 
1Ft 
(limiter 
Data 
Case 


Type 
VCC 
ICC 
Sensitivity 
(Max) 
(Max) 
in) 
Mute 
RSSI 
Rate 
Notes 
Package 
Suffix 


MC3362 
2-7 
V 
3mA 
<t 
p.V 
180 MHz 
10.7 MHz 
455 kHz 
- 
/ 
1.2 kb 
Includes 
24 Pin 
pn24 


buffered 
VCO 
alP, 
own51E 
output 
SOIC 


MC3363 
2-7 
V 
4mA 
<1 p.V 
180 MHz 
10.7 MHz 
455 kHz 
/ 
/ 
1.2 kb 
Includes 
RF 
28 Pin 
DWn51F 
amp, 
mute 
SOIC 


IF2 
Max 
1Ft 
(limiter 
Data 
Case 
Type 
VCC 
ICC 
Sensitivity 
(Mex) 
in) 
Mute 
RSSI 
Rate 
Notes 
Package 
Suffix 


MC3356 
3-9 
V 
25 mA 
30 p.V 
200 MHz 
10.7 MHz 
/ 
/ 
500 kb 
Includes 
front 
end 
20 Pin 
pn38 
mixer/l.O. 
DIP/PLCC 
FNn75 


MC3357 
4-8 
V 
5mA 
5p.V 
45 MHz 
455 kHz 
/ 
- 
- 
16 Pin 
P/648 
DIP/SOIC 
Dn51B 


MC3359 
4-9 
V 
7mA 
2 p.V 
45 MHz 
455 kHz 
/ 
- 
- 
18 Pin 
pn07 


DIP/SOIC 
DWn51C 


MC3361 
2-8 
V 
6mA 
2 p.V 
60 MHz 
455 kHz 
/ 
- 
- 
16 Pin 
P/648 
DIP/SOIC 
Dn51B 


MC3367 
1-5 
V 
1 mA 
<1 p.V 
75 MHz 
455 kHz 
/ 
- 
1.2 kb 
1 Cell Operation 
28 Pin 
DWn51F 
SOIC 


MC3371 
2-8 
V 
6mA 
2p.V 
60 MHz 
455 kHz 
/ 
/ 
- 
(3088 
Intre) 
16 Pin 
P/648 
DIP/SOIC 
Dn51B 


MC13055 
3-12 
V 
25mA 
20p.V 
- 
40 MHz 
/ 
/ 
2 Mb 
Wideband 
Data 
IF 
16 Pin 
P/648 
DIP/SOIC 
Dn51B 


Max 
RF 
Max 
Freq. 
Battery 
Tone 
Mod. 
Case 
Type 
VCC 
ICC 
Pout 
Out 
Check 
OSC 
Freq. 
Notes 
Package 
Suffix 


MC2831A 
3-8 
Vdc 
5mA 
-30 
dBm 
50 MHz 
/ 
/ 
5.0 kHz 
Includes 
low 
battery 
16 Pin 
P/648 
(xtal 
ell) 
checker, 
tone ose. 
DIP/SOIC 
Dn51B 


MC2833 
3-8 
Vdc 
3mA 
-30 
dBm 
150 MHz 
- 
- 
5.0 kHz 
Includes 
two 
frequency 
16 Pin 
P/648 
to 
(xtal 
ctl) 
multiplier/amplifier 
DIP/SOIC 
Dn51B 


+ 10 dBm 
transistors 


Case 
Typa 
VCC 
ICC 
Function 
Packaga 
Suffix 


MC1596 
5-30 V 
10mA 
10 Pin 
G/603 
MC1496 
5-30 V 
10mA 
Metal 
Carrier Balance >50 dB 
General purpose balanced modulator/ 
14 Pin 
LJ632 
demodulator 
for AM, SSB, FM Detection 
Ceramic 
DIL, DIP, 
P/646 
sOle 
D1751 A 


Low Power FM Transmitter System 
MC2831A-TA 
= -30° 
to +75°C, 


Case 648,7518 


• 
Complete 
VHF FM Transmitter/Exciter 
• 
Mike Preamp with Limiting 
• 
Tone Generator 
for CTSS or AFSK 
• 
Crystal or L-C VCO Operation 
• 
Buffer/Multiplier 
Output Stage 
• 
Low Voltage (internal 
reference) 
Warning Circuit 
• 
Easily Partitioned 
for Semicustom 
Applications 


MOSAIC® 1.5 
VHF Narrowband Dual-Conversion 
Receivers 
MC3362/MC3363 - 
TA 
- 40°C to +85°C, 
Case 724, 751A 


• 
Operation 
to 180 MHz 
• 
2-8 
V de Supply 
• 
>1 I.N for 20 dB Quieting Sensitivity 
• 
Analog and Data Modulation 
Recovery 
• 
>60 dB Dynamic 
Range RSSI 
• 
Crystal or VCO First L.O. Operation 
• 
On-Chip 
RF Amp/MC3363 


Low Voltage FM Narrowband 
Receiver 
MC3367 - 
TA = O°C to + 70°C, Case 751F 


• 
Single Cell Operation 
to 0.9 VCC 
• 
Single Conversion 
Operation 
to 75 MHz 
• 
Current 
Drain of 1 mA 
• 
Split I.F. Amplifier 
for Single or Dual Filters 
• 
Analog and Data Outputs 
• 
Sensitivity 
of 0.7 p.V Typ for 20 dB QUieting 
• 
Low Battery Voltage 
Indicator 


Fl1 ~ Fl2 
To~o 
LFC·455F I 


0' 
muRet. 
CFU 
4550 
E F 


II 


Subscriber 
Loop Interface 
Circuit 
(SLlC) 
MC3419·1L - 
Case 
726 


The 
replacement 
of two-to-four 
wire 
conversion 
hybrid 
transformers 
in Central Office, PBX, and Subscriber 
Carrier 
equipment 
with the SUC has resulted in major improvement 
in telephony 
equipment. 
The SUC family performs this task, 


along with all the other BORSHt 
functions required by signal 


transmission. 
These include the provision of dc power to the 
telephone 
(Battery); 
Overvoltage 
protection; 
Ring trip detec- 
tion; Supervisory 
features such as hook status and dial puls- 
ing; 2-to-4 wire conversion, 
suppression 
of longitudinal 
sig- 
nals (Hybrid); 
and Testing. 


• 
All Key Parameters 
Externally 
Programmable 
• 
Current Sensing Outputs 
Monitor Status of Both 
Tip and Ring leads 
• 
On-Hook 
Power Below 5.0 mW 
• 
Digital Hook Status Output 
• 
Power Down Input 
• 
Ground Fault Protection 
• 
Size and Weight Reduction 
Over Conventional 
Approaches 
• 
The sale of this product is licensed under patent 
No. 4,004,109. 
All royalties related to this patent 
are included in the unit price. 
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The Complete Electronic 
Telephone Circuit 
MC34010/11A - 
TA = - 20 


0 to + 60 


0e, ease 711, 777 


Piezo 
Sound 
Element 


The conventional 
transformer-driven 
telephone 
handset 


is undergoing 
major innovations. 
The bulky transformer 
is 
disappearing. 
So are many 
of its discrete 
components, 


including 
the 
familiar 
telephone 
bell. 
They 
are 
being 
replaced 
with integrated 
circuits that perform all the major 
handset 
functions 
simply, 
reliably 
and inexpensively 
functions 
such 
as 2-to-4 
wire conversion, 
DTMF dialing, 


tone ringing, and a variety of related activities. 
The culmination 
of these 
capabilities 
is the 
Electronic 
Telephone 
Circuit, the MC3401 0/11 A. These IC's place all 
of the above 
mentioned 
functions 
on a single 
monolithic 
chip. 


These 
telephone 
circuits 
utilize advanced 
bipolar linear 


(12L) technology 
and provide all the necessary 
elements of 
a modern tone-dialing 
telephone. The MC3401 0 even incor- 
porates an MPU interface 
circuit for the inclusion 
of auto- 
matic dialing in the final system. 


Hook 
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Features 


• 
Provides 
All Basic Telephone 
Functions, 
Including 
DTMF 
Dialer, 
Tone 
Ringer, 
Speech 
Network 
and 
Line Voltage 
Regulator 


• 
DTM F Generator 
Uses 
Low·Cost 
Ceramic 
Resonator 
with 
Accurate 
Frequency 
Synthesis 
Technique 


• 
Tone 
Ringer 
Drives 
Piezoelectric 
Transducer 
and 
Satis· 


fies EIA-470 
Requirements 


• 
Speech 
Network 
Provides 
Two-Four 
Wire 
Conversion 
with Adjustable 
Sidetone 
Utilizing 
an Electret 
Transmitter 


• 
On-Chip 
Regulator 
Insures 
Stable 
Operation 
Over 
Wide 


Range 
of Loop Lengths 


• 
12L Technology 
Provides 
Low 1.4 Voll Operation 
and High 
Static 
Discharge 
Immunity 


• 
MC34010P 
Provides 
Microprocessor 
Intenace 
Port 
for 


Automatic 
Dialing 
Features 


II 


• 


The MC34012 and MC34017 Tone Ringers are designed 


to replace 
the bulky bell assembly 
of a telephone, 
while 
providing the same function and performance 
under a vari- 
ety of conditions. 
The operational 
requirements 
spelled out 
by the FCC and the EIA, simply stated, are that a ringer 


circuit MUST function when a ringing signal is provided, and 
MUST NOT ring when other signals (speech, dialing signals, 
noise) 
are 
on 
the 
line. 
The 
MC34012 
series 
and 
the 
MC34017 
series 
were 
designed 
to 
meet 
those 
requirements. 


Piezo 
Sound 
Element 


• 
Complete 
Telephone 
Bell 
Replacement 
Circuit 
with 
Minimum 
External Components 


• 
On-Chip 
Diode Bridge and Transient 
Protection 


• 
Direct Drive for Piezoelectric 
Transducers 


• 
Base Frequency 
Options - 
MC3401 2-1: 1.0 kHz 
MC34012-2: 
2.0 kHz 
MC34012-3: 
500 Hz 


• 
Push-Pull 
Output 
Stage 
for 
Greater 
Output 
Power 
Capability 
(MC34017) 


• 
Base Frequency 
Options - 
MC3401 7-1: 1.0 kHz 
MC34017-2: 
2.0 kHz 
MC34017-3: 
500 Hz 


• 
Input 
Impedance 
Signature 
Meets 
Bell 
and 
EIA 
Standards 


• 
Rejects Rotary Dial Transients 
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Telephone Speech Network and Tone Dialer 


MC34013A - 
TA = -20° 
to + 60°C, Case 710,776 


• 
Linear/12L Technology 
Provides 
Low 1.4 Volt Operation 
in Both Speech 
and Dialing Modes 


• 
Speech 
Network 
Provides 
2-4 
Wire 
Conversion 
with 
Adjustable 
Sidetone 
Utilizing an Electret Microphone 


• 
DTMF 
Generator 
Uses 
Low-Cost 
Ceramic 
Resonator 
with Accurate 
Frequency 
Synthesis 
Technique 


• 
On-Chip 
Regulator 
Insures Stable Operation 
Over Wide 
Range of Loop Lengths 


• 
Dialer Mutes Speech Network with Internal Delay for Click 
Suppression 
on DTMF Key Release 


Speech Network with Dialer Interface 


MC34014 - 
TA = -20° 
to + 60°C, Case 707, 775 


The MC34014 is a Telephone Speech Network integrated 
circuit which incorporates 
adjustable 
transmit, 
receive, and 
sidetone functions, line interface circuit, dialer interface, and 
a regulated output voltage for a dialer circuit. It includes an 
equalization 
circuit to compensate 
for various 
line lengths 
and the conversion 
from 2-to-4 wire is accomplished 
with 
supply voltages as low as 1.5 volts. 


• 
Transmit, 
Receive, 
and Sidetone 
Gains Set By External 
Resistors 


• 
Loop Length Equalization for Transmit, Receive, and Side- 
tone Functions 


• 
Operates 
Down to 1.5 Volts (V + ) in Speech Mode 


• 
Provides 
Regulated 
Voltage for CMOS Dialer 


• 
Speech Amplifiers 
Muted During Pulse and Tone Dialing 


• 
DTMF Output Level Adjustable 
with a Single Resistor 


• 
Compatible 
with 2-Terminal 
Electret Microphones 


• 
Compatible 
with 
Receiver 
Impedances 
of 150 nand 
Higher 


Telephone Speech Network with Dialer Interface 
MC34114-TA 
= -20°10 
+ 70°C, Case 707, 7510 


• 
Operation 
Down to 1.2 Volts 


• 
Externally 
Adjustable 
Transmit, 
Receive, 
and Sidetone 
Gains 


• 
Differential 
Microphone 
Amplifier 
Input Minimizes 
RFI 


• 
Transmit, 
Receive, 
and Sidetone 
Equalization 
on "both 
Voice and DTMF Signals 


• 
RegUlated 1.7 Volts Output for Biasing Microphone 


• 
Regulated 
3.3 Volts Output for Powering External Dialer 


• 
Microphone 
and Receive Amplifiers 
Muted Duri.ng Dialing 


• 
Differential 
Receive Amplifier Output Eliminates Coupling 
Capacitor 


• 
Operates with Receiver Impedances of 150 n and Higher 


• 
MC34114 
Complies 
with 
Bell 
Telephone 
and 
BT 
Standards 


• 


\".rcun 
MC34018- 
TA = - 20° to + 60°C, Case 710, 776 


The MC34018 Speakerphone 
integrated 
circuit 
incorporates 
the necessary 
ampli- 
fiers, attenuators, 
and control functions 
to 
produce 
a high quality 
hands-free 
speak- 
erphone 
system. 
Included 
are 
a micro- 


phone amplifier, a power audio amplifier for 
the speaker, 
transmit 
and receive 
atten- 
uators, 
a monitoring 
system 
for 
back- 
ground 
sound 
level, 
and 
an attenuation 
control system which responds 
to the rel- 


ative transmit and receive levels as well as 
the background 
level. Also included are all 
necessary 
regulated 
voltages 
for both 
internal and external circuitry, allowing line- 
powered 
operation 
(no additional 
power 
supplies required). A Chip Select pin allows 
the chip to be powered down when not in 
use. 
A volume 
control 
function 
may 
be 
implemented 
with an external 
potentiom- 


eter. MC34018 applications 
include speak- 
erphones for household and business use, 
intercom systems, automotive 
telephones, 


and others. 


• 
All Necessary 
Level Detection 
and Attenuation 
Controls 
for a Hands-Free 
Telephone 
in a Single Integrated 
Circuit 


• 
Background 
Noise Level Monitoring 
with Long Time Constant 


• 
Wide Operating 
Dynamic 
Range Through Signal Compression 


• 
On-chip Supply and Reference 
Voltage Regulation 


• 
Typical 
100 mW Output Power (into 25 OJ with Peak Limiting to Minimize 
Distortion 


• 
Chip Select Pin for Active/Standby 
Operation 


• 
Linear Volume Control Function 


Voice Switched Speakerphone 
Circuit 
MC34118-TA 
= -20° 
to +60°C, Case 710,751F 


The MC34118 
Voice 
Switched 
Speak- 
erphone 
Circuit 
incorporates 
the 
neces- 
sary 
amplifiers, 
attenuators, 
level detec- 
tors, and control algorithm to form the heart 
of a high quality hands-free 
speakerphone 
system. Included are a microphone 
ampli- 


fier with adjustable gain and MUTE control, 
Transmit 
and 
Receive 
attenuators 
which 
operate in a complementary 
manner, level 
detectors 
at both input and output of both 
attenuators, 
and background 
noise moni- 
tors for both the transmit and receive chan- 
nels. A Dial Tone Detector prevents the dial 
tone from being attenuated 
by the Receive 
background 
noise 
monitor 
circuit. 
Also 
included 
are two 
line 
driver 
amplifiers 
which can be used to form a hybrid network 
in conjunction 
with 
an external 
coupling 
transformer. 
A high-pass filter can be used 
to filter out 60 Hz noise in the receive chan- 
nel, or for other filtering functions. 
A Chip 
Disable 
pin permits 
powering 
down 
the 
entire 
circuit 
to conserve 
power on long 
loops where loop current is at a minimum. 


The MC34118 
may be operated 
from a 
power supply, or it can be powered 
from 
the telephone 
line, requiring 
typically 
5.0 
mA. 
The 
MC34118 
can 
be interfaced 
directly to Tip and Ring (through a coupling 
transformer) 
for stand-alone 
operation, 
or 
it can be used in conjunction with a handset 
speech network and/or other features of a 
featurephone. 


• 
Improved Attenuator 
Gain Range: 52 dB Between Transmit 
and Receive 


• 
Low Voltage Operation 
for Line-Powered 
Applications 
(3.0-6.5 
V) 


• 
4-Point Signal Sensing for Improved Sensitivity 


• 
Background 
Noise Monitors for Both Transmit 
and Receive Paths 


• 
Microphone 
Amplifier 
Gain 
Set by Externai 
Resistors 
- 
Mute 
Function 
Included 


• 
Chip Disable for Active/Standby 
Operation 


• 
On Board Filter Pinned-Out 
for User Defined Function 


• 
Dial Tone Detector to Inhibit Receive Idle Mode During Dial Tone Presence 


• 
Compatible 
with MC34119 
Speaker Amplifier 


Audio Amplifier 
MC34119 - 
TA = 0° to +70°C, Case 626, 751 


A low power audio amplifier circuit intended 
(primarily) for 
telephone applications, 
such as speakerphones. 
Provides dif- 
ferential 
speaker 
outputs 
to maximize 
output 
swing 
at low 
supply 
voltages 
(2 volt 
min.). 
Coupling 
capacitors 
to the 
speaker, and snubbers, are not required. Overall gain is exter- 
nally adjustable 
from 0 to 46 dB. A Chip Disable pin permits 
powering-down 
to mute the audio signal and reduce power 
consumption. 


• 
Drives a Wide Range of Speaker 
Loads (16-100 
il) 


• 
Output Power Exceeds 
250 mW with 32 il Speaker 


• 
Low Distortion 
(THO = 0.4% Typical) 


• 
Wide 
Operating 
Supply 
Voltage 
(2-16 Volts) - 
Allows 
Telephone 
Line Powered Applications. 


• 
Low Quiescent 
Supply Current (2.5 mA Typical) 


• 
Low Power-Down 
Quiescent 
Current (60 IJ-ATypical) 


Current Mode Switching Regulator 
MC34129-TA 
= 0° to + 70°C, Case 646, 751A 


High performance 
current mode switching regulator for low- 
power digital telephones. 
Unique internal fault timer provides 
automatic 
restart for overload 
recovery. 
A starVrun compar- 
ator is included to implement 
bootstrapped 
operation of VCC. 


Although 
primarily 
intended 
for digital telephone 
systems, 
these 
devices 
can be used cost effectively 
in many other 
applications. 
On-Chip functions 
and features 
inClude: 


• 
Current Mode Operation 
to 300 kHz 


• 
Automatic 
Feed Forward Compensation 


• 
Latching 
PWM for Cycle-By-Cycle 
Current Limiting 


• 
Latched-Off 
or Continuous 
Retry after Fault Timeout 


• 
Soft-Start 
with Maximum 
Peak Switch Current Clamp 


• 
Internally Trimmed 
2% Bandgap 
Reference 


• 
Input Undervoltage 
Lockout 


C1 


Audio 
0.1 
Input >-i 


• 


• = 
Optional 


Differential 
Gain 
= 2 x ~ 


9 
Non-Inverting 
Input 


Inverting 
Input 


Feedback! 
PWM 
Input 


Drive 
Out 


Drive 
God 
~ 
3 0 Ramp 
Input 


Provides 
the AlD-D/A 
function 
of voice 
com- 


munications 
by digital transmission. 
The MC3517/18 
series of CVSDs is designed for 
military 
secure communications 
and commercial 
telephone 
applications. 
A single IC provides 
both 
encoding 
and 
decoding 
functions 
in 
16-pin 
package. 


• 
Encode and Decode functions 
on the Same Chip 
with a Digital Input for Selection 
• 
CMOS Compatible 
Digital Output 
• 
Digital 
Input Threshold 
Selectable 
(VCC/2 
refer- 


ence provided 
on chip) 
• 
MC3417/MC3517/MC34115 
has a 3-Bit Algorithm 
(General Communications) 
• 
MC3418/MC3518 
has a 4-Bit Algorithm 
(Com- 


mercial Telephone) 


MC3417/18 
(0 to 70°C) 
Case 
620 


MC34115 
(0 to 70°C) 


Case 
648 


Analog 
Input 
1 


Analog 
2 
Feedback 
13 
Digital 
Data Input 


Digital 
12 
Threshold 


MC3517/18 
(-55 
to +125°C) 


Case 
620 


Device 
MC1496 
MC1596 
MC2831A 
MC2833 
MC3356 
MC3357 
MC3359 
MC3361 
MC3362 
MC3363 
MC3367 
MC13041 
MC13055 


Function 
Page 
Balanced Modulator/Demodulator 
8-13 


Balanced Modulator/Demodulator 
8-13 
Low Power FM Transmitter System 
8-23 
Low Power FM Transmitter System 
8-26 
Wideband FSK Receiver 
8-29 
Low Power FM IF 
8-35 
Low Power Narrowband FM IF 
8-39 
Low Voltage Narrowband FM IF 
8-45 
Low Power Dual Conversion FM Receiver 
8-47 


Low Power Dual Conversion FM Receiver 
8-52 


Low Voltage FM Narrowband Receiver 
, 
8-59 
AM Receiver Subsystem 
See Chapter 9 
Wideband FSK Receiver 
8-65 


Device 
MC3417 
MC3418 
MC3419-1L 
MC3517 
MC3518 
MC33129 
MC34010 
MC34011A 
MC34012-1,-2,-3 
MC34013A 
MC34014 
MC34017 
MC34018 
MC34114 
MC34115 
MC34118 
MC34119 
MC34120 
MC34129 


Function 
Page 
Continuously Variable Slope Delta Modulator/Demodulator 
* 


Continuously Variable Slope Delta Modulator/Demodulator 
* 


Telephone Line-Feed Circuit 
* 


Continuously Variable Slope Delta Modulator/Demodulator 
* 
Continuously Variable Slope Delta Modulator/Demodulator 
* 


High Performance Current Mode Controller 
See Chapter 3, * 


Electronic Telephone Circuit 
* 


Electronic Telephone Circuit 
* 


Telephone Tone Ringer 
* 


Speech Network and Tone Ringer 
* 


Telephone Speech Network with Dialer Interface 
* 
Telephone Tone Ringer 
*. 


Voice Switched Speakerphone Circuit 
* 


Telephone Speech Network with Dialer Interface 
* 


Continuously Variable Slope Delta Modulator/Demodulator 
* 


Voice Switched Speakerphone Circuit 
* 


Low Power Audio Amplifier 
See Chapter 9 
Subscriber Loop Interface Circuit 
* 


High Performance Current Mode Controller 
See Chapter 3, * 


Application 
Note 


AN531 
AN933 


AN959 
AN960 
AN976 


AN980 
AN1002 


Related 
Title 
Device 


MC1596 
Balanced 
Modulator 
MC1596 
A Variety 
of Uses for the MC34012/MC34017 
Tone 
Ringers 
MC34012-1.-2.-3, 
MC34017 
A Telephone 
Ringer 
which 
Complies 
with 
FCC and EIA 
Impedance 
Standards 
MC34012, 
MC34017 


Interfacing 
the Speakerphone 
to the 
MC34010/11/13 
Speech 
Networks 
MC34010. 
MC34011A. 


MC34013A 
A Speakerphone 
with 
Receive 
Idle Mode 
MC34018 
Equalization 
of DTMF Signals 
Using 
the MC34014 
. : 
MC34014 
A New High Performance 
Current 
Mode 
Controller 
Teams 
Up with 
Current 
Sensing 
Power 
MOSFETs 
MC34129 
Low Power 
FM Dual Conversion 
Receivers 
MC3362. 
MC3363 
A Handsfree 
Featurephone 
Design 
Using the MC34114 
Speech 
Network 
and the MC34018 
Speakerphone 
ICs .... 
MC34018. 
MC34114 
A High Performance, 
Manual-Tuned 
AM Stereo 
Receiver 
for Automotive 
Application 
Using 
Motorola 
ICs: 
MC13021, 
MC13020 
& MC13041 
MC13041 


o.vlu 
TempM.tur. 
A.nlle 
PKkage 


MC1496D 
50-14 


MC14!J6G 
MelaIC.n 


O"Cl0 
+7O"C 


MCl496l 
Cer.micDlP 


Me''''''' 
PlaslieDIP 


Me1596G 
Met.lean 


-55"Cl0 
+ 125"C 


MCl596l 
Cer.micDlP 


Specifications 
and Applications 
Information 


. designed for use where the output 
voltage is a product of an 
input 
voltage (signal) and a switching function 
(carrier). 
Typical 


applications 
include 
suppressed 
carrier 
and 
amplitude 
modulation, 


synchronous detection, FM detection, phasedetection, and chopper 
applications. 
See Motorola Application 
Note AN·531 for additional 


design 
information. 


• 
Excellent Carrier Suppression - 65 dB typ 
@ 0.5 MHz 


- 50 dB typ 
@ 10 MHz 


• 
Adjustable Gain and Signal Handling 


• 
Balanced Inputs and Outputs 


• 
High Common Mode Rejection - 85 dB typ 


FIGURE 
1 - 


SUPPR ESSED·CARR IE R 


OUTPUT 
WAVEFORM 


FIGURE 2- 


SUPPRESSED·CARR 
IER 


SPECTRUM 


FIGURE 3- 


AMPLITUDE-MODULATION 


OUTPUT 
WAVEFORM 


MC1496 
MC1596 


BALANCED 
MODULATOR/DEMODULATOR 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


G SUFFIX 
METAL 
PACKAGE 
CASE 603-04 


- Output 


9 
- 
Carrier 
Input 


+ Carrier 


Input 


+ Output 
Bias 
(TopView) 
._- 
!. 


" 
1 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 632-08 


"~' 
1 


o SUFFIX 


PLASTIC 
PACKAGE 


CASE 751 A-02 
SO-14 


PSUFFIX 
_ 
PLASTIC 
PACKAGE 


CASE 646-06 


" 
1 


+ Signal 
Input 


Gain 
Adjust 
1 


Gain 
Adjust 
l 


- Signal 
Input 
~ 


Bias 


+ Output 
NC 
' 


•• VEE 


" 
NC 


11 -Output 


" NC 


'0 
_ 
Carrier 
Input 


, NC 
• + Carrier 
Input 
(Top View) 


II 


EI 


Rating 
Symbol 
Value 
Unrt 


Applied 
Voltage 
t>.V 
30 
Vdc 
IV6 - 
V7. Vs - 
Vl. V9 - 
V7. V9 - 
Vs. V7 - 
V4. V7 - 
V,. 
Vs - 
V4. V6 - Vs. V2 - 
V5. V3 - V5) 


Differential 
Input 
Signal 
V7 - 
Vs 
+5.0 
Vdc 
V4 - 
V1 
~15+15Re) 


Maximum 
Bias 
Current 
15 
10 
mA 


Thermal 
Resistance. 
Junction 
to Air 
RaJA 
0c/w 


Ceramic 
Dual 
In-Line 
Package 
100 


Plastic 
Dual 
In-Line 
Package 
100 


Metal 
Package 
160 


Operating 
Temperature 
Range 
TA 
°c 
MC1496 
o to +70 
MC1596 
-55 
to + 125 


Storage 
Temperature 
Range 
Tsto 
-6510 
+150 
°C 


MC1596 
MCl496 


Characteristic 
Fig. 
Note 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Carrier 
Feedthrough 
5 
1 
VCFT 
J.LV(rms) 


Vc "" 60 mV(rms) 
sine 
wave 
and 
IC ~ 1.0 kHz 
- 
40 
- 
- 
40 
- 


offset 
adjusted 
to zero 
IC ~ 10 MHz 
- 
'40 
- 
- 
140 
- 


Vc 
=" 
300 
mVp·p 
square 
wave: 
mV(rms) 


offset 
adjusted 
to zero 
IC ~ 1.0 kHz 
- 
0.04 
0.2 
- 
0.04 
0.4 


offset 
not 
adjusted 
IC ~ 1.0 kHz 
- 
20 
100 
- 
20 
200 


Carrier 
Suppression 
5 
2 
VCS 
dB 


fS = 
10 kHz. 
300 
mV(rms) 
fC = 500 
kHz. 
60 
mV(rms) 
sine 
wave 
50 
65 
- 
40 
65 
- 


fC = 
10 MHz, 
60 
mV(rms) 
sine 
wave 
- 
50 
- 
- 
50 
- 
k 


Transadmittance 
Bandwidth 
(Magnitude) 
(RL 
"" 50 ohms) 
S 
S 
BW3dB 
MHz 


Carrier 
Input 
Port, 
Vc 
"" 60 
mV(rms) 
sine 
wave 
- 
300 
- 
- 
300 
- 


fS 
"" 1.0 kHz, 
300 
mV(rms) 
sine 
wave 


Signal 
Input 
Port, 
Vs 
"" 300 
mV(rms) 
sine 
wave 
- 
SO 
- 
- 
SO 
- 


IVei ~ 0.5 Vdc 


Signal 
Gain 
10 
3 
AVS 
2.5 
3.5 
- 
2.5 
3.5 
- 
VN 
Vs 
~ 100 mVlrms). 
f ~ 1.0 kHz; IVei ~ 0.5 Vdc 


Single-Ended 
Input 
Impedance, 
Signal 
Port, 
f 
"" 5.0 
MHz 
6 
- 


Parallel 
Input 
Resistance 
rjp 
- 
200 
- 
- 
200 
- 
kO 


Parallel 
Input 
Capacitance 
cip 
- 
2.0 
- 
- 
2.0 
- 
pF 


Single-Ended 
Output 
Impedance, 
f "" 10 MHz 
6 
- 
Parallel 
Output 
Resistance 
rop 
- 
40 
- 
- 
40 
- 
kO 


Parallel 
Output 
Capacitance 
coo 
- 
5.0 
- 
- 
5.0 
- 
pF 


Input 
Bias 
Current 
7 
- 
"A 


IbS = 11 ; 
14; IbC ~ 17 ; 
IS 
'bS 
- 
12 
25 
- 
12 
30 
IbC 
- 
12 
25 
- 
12 
30 


Input 
Offset 
Current 
7 
- 
"A 
liaS"" 
11-14; 
lioC 
= 
17-18 
Iliosl 
- 
0.7 
5.0 
- 
0.7 
7.0 
lioel 
- 
0.7 
5.0 
- 
0.7 
7.0 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Current 
7 
- 
ITCliol 
- 
2.0 
- 
- 
2.0 
- 
nArC 
ITA ~ 
-55°C 
to +125°C) 


Output 
Offset 
Current 
7 
- 
11001 
- 
14 
50 
- 
14 
SO 
"A 
116-19) 


Average 
Temperature 
Coefficient 
of Output 
Offset 
Current 
7 
- 
ITClool 
- 
90 
- 
- 
90 
- 
nArC 
ITA ~ 
- 55°C to + 125°C) 


Common-Mode 
Input 
Swing, 
Signal 
Port, 
fS = 
1.0 
kHz 
9 
4 
CMV 
- 
5.0 
- 
- 
5.0 
- 
Vp-p 


Common-Mode 
Gain. 
Signal 
Port, 
fS = 
1.0 
kHz, 
9 
- 
ACM 
- 
-S5 
- 
- 
-S5 
- 
dB 
IVei ~ 0.5 Vdc 


Common-Mode 
Quiescent 
Output 
Voltage 
(Pin 
6 or 
Pin 9) 
10 
- 
Vout 
- 
S.O 
- 
- 
S.O 
- 
Vp-p 


Differential 
Output 
Voltage 
Swing 
Capability 
10 
- 
Vout 
- 
S.O 
- 
- 
S.O 
- 
Vp-p 


Power 
Supply 
Current 
7 
6 
mAdc 
16 + 19 
ICC 
- 
2.0 
3.0 
- 
2.0 
4.0 
110 
lEE 
- 
3.0 
4.0 
- 
3.0 
5.0 


DC Power 
Dissipation 
7 
5 
PD 
- 
33 
- 
- 
33 
- 
mW 


• Pin number 
references 
pertain 
to this 
device 
when 
packaged 
in a metal 
can. 
To 
ascertain 
the 
corresponding 
pin 
numbers 
for 
plastic 
or 


ceramic 
packaged 
devices 
refer 
to the 
first 
page 
of this 
specification 
sheet. 


Note 1 - Carrier Feedthrough 


Carrier feedthrough 
is defined as the output voltage at carrier 
frequency with only the carrier applied (signal voltage = OJ. 


Carrier null is achieved by balancing the currents in the differ- 


ential amplifier 
by means of 
a bias trim 
potentiometer 
(R 1 of 


Figure 51. 


Note 2 - Carrier Suppression 


Carrier suppression is defined as the ratio of each sideband out- 


put to carrier output for the carrier and signal voltage levelsspeci- 
fied. 
Carrier suppression is very dependent on carrier input level, as 
shown in Figure 22. 
A low value of the carrier does not fully 
switch the upper switching devices, and results in lovver signal 
gain, hence lower carrier suppression. A higher than optimum car- 
rier 
level results in unnecessary device and circuit 
carrier feed- 


through, 
which 
again degenerates the suppression figure. 
The 
MC1596 
has been characterized with 
a 60 mV(rms) 
sinewave 


carrier input signal. This level provides optimum carrier suppres- 
sion at carrier 
frequencies in the vicinity 
of 
500 kHz, and is 


generally 
recommended 
for 
balanced modulator 
applications. 
Carrier feedthrough 
is independent of signal level, VS' 
Thus 
carrier suppression can be maximized by operating with 
large sig- 


nal levels. However, a linear operating mode must be maintained 
in the signal-input transistor pair - or harmonics of the modulating 
signal will be generated and appear in the device output as spurious 
sidebands of the suppressed carrier. 
This requirement places an 
upper limit on input-signal amplitude (see Note 3 and Figure 20), 
Note also that an optimum 
carrier level is recommended in Fig- 


ure 22 for good carrier suppression and minimum spurious side-~ 
band generation. 


At higher frequencies circuit layout is very important 
in order 


to minimize carrier feedthrough. 
Shielding may be necessary in 
order to prevent capacitive coupling between the carrier 
input 


leadsand the output leads. 


Note 3 - Signal Gain and Maximum Input Level 


Signal gain (single-ended) at low frequencies is defined as the 
voltage gain, 


A constant dc potential 
is applied to the carrier input terminals to 


fully switch two of the upper transistors "on" 
and two transistors 
"off" 
(VC = 0.5 Vdc). 
This in effect forms a cascadedifferential 
amplifier. 


Linear operation requires that the signal input be below a criti- 
cal value determined by RE and the bias current 15 


Note 4 - Common-Mode Swing 


The common-mocle swing is the voltage which may be applied 
to both basesof the signal differential 
amplifier,without 
saturating 
the current sources or without 
saturating the differential 
amplifier 


itself by swinging it into the upper switching devices. This swing 
is variable depending on the particular 
circuit and biasing condi- 


tions chosen (seeNote 6l. 


Note 5 - Power Dissipation 


Power dissipation, 
PO' within 
the integrated circuit 
package 
should be calculated as the summation of the voltage-current prod- 
ucts at each port, i.e. assuming Vg = V6, IS = 16= 19 and ignoring 


Note 6 - 
Design Equations 


The following 
is a partial list of design equations needed to 
operate the circuit 
with 
other supply voltages and input condi- 
tions. SeeNote 3 for Re equation. 


A. Operating Current 


The internal bias currents are set by the conditions at pin S. 


Assume: 


where: 
RS is the resistor between pin 
S and ground 


'" = 0.75 
V at T A = +250C 


•• 


The MC1S96 has been characterized for the condition 15 = 1.0 
mA and is the generally recommended value. 


B. Common-Mode Quiescent Output Voltage 


Note 7 - Biasing 


The MC1596 requires three dc biasvoltage levelswhich must be 


set externally. 
Guidelines for setting up these three levels include 


maintaining 
at least 2 volts collector-base bias on all transistors 


while not exceeding the voltages given in the absolute maximum 
rating table; 


30 Vdc;" 
IIV6. Vg) -IV7. 
Va)] 
;" 
2 Vdc 


30 Vdc;" 
[IV7. val 
- 
IV,. 
V41] 
;" 
2.7 Vdc 


30Vdc;" 
[IV,.V4)-IV51];" 
2.7Vdc 


Bias currents flowing 
into pins 1, 4, 7, and 8 are transistor base 


currents and can normally 
be neglected if external bias dividers 


are designedto carry 1.0 mA or more. 


Note 8 - Transadmittance Bandwidth 


Carrier transadmittance bandwidth 
is the 3-dB bandwidth 
of 
the device forward transadmittance asdefined by: 


i 
(Signalll 


Y21S = v~ (signal) 
Vc = 0.5 Vdc, Va = 0 


"Pin number references pertain to this device when packaged in a 
metal can. To ascertain the corresponding pin numbers for plas- 
tic or ceramic packaged devices refer to the first 
page of this 


specification sheet. 


II 


Note 9 - Coupling 
and Bypass Capacitors 
C, and C2 


Capacitors C, and C2 (Figure 5) should be selected for a re- 


actance 
of less than 
5.0 ohms 
at the carrier 
frequency. 


Note 10 - Output 
Signal, Va 


The output 
signal is taken from pins 6 and 9. either balanced 
or single-ended. Figure 12 shows the output levels of each of the 
two 
output 
sidebands resulting from variations in both the car- 


rier 
and modulating 
signal inputs with 
a single-ended output 
connection. 


Note 11- 
Negative Supply. VEe 


VEE should be de only. The insertion of an RF choke in serIes 
with VEE can enhance the stability 
of the internal current sources. 


FIGURE 5 - 
CARRIER 
REJECTION 
AND SUPPRESSION 
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C2 


CARRIER 
0.1 ~F 
INPUT VC.-) 
Vs 


MODULATING 


SIGNAL 
INPUT 
10 k 


CARRIER 
NULL 


NOTE: 
Shielding 
of 


input 
and output 
leads may 
be needed 
to properly 
perform 
these tests. 


Note 
12 - 
Signal 
Port 
Stability 


Under 
certain 
values 
of driving 
source 
impedance, 
oscillation 
may 
occur. 
In this event, 
an RC suppression 
network 
should 
be 
connected 
directly 
to each input 
using short 
leads. This will reduce 


the 0 of the source-tuned 
circu its that cause the oscillation. 


1 
T 10pF 


An alternate 
method 
for low-frequency 
applications 
is to insert 
a 1 k-ohm 
resistor 
in series with 
the 
inputs, 
pins 
1 and 4. 
In this 


case 
input 
current 
drift 
may 
cause 
serious 
degradation 
of carrier 
suppression. 


+V. 


-Zout 
-Vo 


CARRIER 
O.lIJF 


INPUT 
VC.-) 


Vs 


MODULATING 


SIGNAL 
INPUT 
10 k 


NOTE: 
Pin number 
references 
pertain 
to this device when packaged 
in a metal can. 
To ascertain 
the corresponding 
pin 


numbers 
for plastic 
or ceramic 
packaged 
devices refer to the first page of this specification 
sheet. 


NOTE: 
Pin number 
references pertain 
to this device when packaged in a metal can. 
To ascertain 
the corresponding 
pin 
numbers 
for plastic 
or ceramic 
packaged devices refer to the first 
page of this specification 
sheet. 


FIGURE 11 - 
SIDEBAND OUTPUT versus 
CARRIER 
LEVELS 
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The MC1596/MC1496, a monolithic 
balanced modulator cir- 
cuit, is shown in Figure 23. 


This circuit 
consists of an upper quad differential 
amplifier 


driven 
by 
a standard differential 
amplifier 
with 
dual current 
sources. 
The 
output 
collectors 
are cross-coupled 
so that 
full-wave 
balanced multiplication 
of the two input voltagesoccurs. That is, 
the output signal is a constant times the product of the two input 
signals. 


Mathematical analysis of linear ae signal multiplication 
indi- 
cates 
that 
the 
output 
spectrum 
witl 
consist 
of only 
the sum and 
difference of the two input frequencies. Thus, the device may be 
used as a balanced modulator, doubly balanced mixer, product 
detector, 
frequency 
doubler, 
and other 
applications 
requiring 


theseparticular output signal characteristics. 


The lower differential 
amplifier 
has its emitters connected to 
the package pins so that an external emitter 
resistance may be 
used. 
Also, external 
load resistors are employed at the device 
output. 


Signal Levels 


The upper quad differential 
amplifier may.be operated either 
in a linear or a saturated mode. The lower differential amplifier 
is operated in a linear mode for most applications. 
For low-level operation at both input ports, the output signal 


will 
contain sum and difference frequency components and have 
an amplitude which is a function of the product of the input signal 
amplitudes. 
For high·level operation at the carrier input port and linear 
operation at the modulating 
signal port, 
the output signal will 
contain sum and difference frequency components of the modu- 
lating signal frequency and the fundamental and odd harmonics of 
the carrier frequency. 
The output amplitude will be a constant 
times the modulating signal amplitude. 
Any amplitude variations 


in the carrier signalwill not appear in the output. 


H9 
vo. OUTPUT 


(+)6 


4(_) 


~~;~~l 
V$ 11+) 


NOTE 
Pin number 
references pertain to this device when packaged in a metal can. 
To ascertain the corresponding 
pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification 
sheet. 


• 


The linear signal handling capabilities of a differential amplifier 
are welt defined. 
With no emitter degeneration, the maximum 


input voltage for linear operation is approximately 25 mV peak. 
Since the upper differential 
amplifier 
has its emitters internally 
connected, this voltage applies to the carrier input port for all 
conditions. 
Since the 
lower differential 
amplifier 
has provisions for 
an 
external emitter resistance, its linear signal handling range may be 
adjusted by the user. The maximum input voltage for linear op· 
eration 
may 
be approximated 
from 
the 
following 
expression: 


Carrier Input 
Approximate 
Output Signal 
Signal IVel 
Voltage Gain 
Frequency(s) 


Low-level dc 
RL Ve 
1M 
21RE + 2,.1 (~T) 


High-level dc 
~ 
1M 
AE + 2re 


Low-level ac 
RL Ve(,msl 
le±IM 
2J2(~T) IRE + 2'.1 


High-level ac 
0.637 
RL 
Ie ±IM' 
31c ± 1M, 


AE + 2re 
5IC±IM, 


The gain from the modulating signal input port to the output is 


the MC1596/MC1496 gain parameterwhich is most often of interest 
to the d.esigner. This gain has significance only when the 1000er 
differential amplifier is operated in a linear mode, but this includes 
most applications of the device. 
As previously mentioned, the upper quad differential amplifier 
may be operated either in a linear or a saturated mode. Approxi- 
mate gain expressions have been developed for 
the MC1596/ 
MC1496 for a low-level modulating signal input and the following 
carrier input conditions: 


1) Low-level dc 
2) High-level dc 
3) Low-level ac 
4) High·level ac 


These gains are summarized in Table 1, along with 
the fre- 
quency components contained in the output signal. 


NOTES: 
1. Low-level Modulating Signal, VM, assumedin all cases. 
Vc is Carrier Input Voltage. 
2. When the output 
signal contains multiple 
frequencies, 
the gain expression given is for the output amplitude of 
each of the two desired outputs, fC + fM and fC - fM· 


3. All gain expressions are for a single-endedoutput. 
For 


a differential 
output 
connection, multiply 
each expres- 
sion by two. 
4. 
AL = Load resistance. 
5. AE "" Emitter resistancebetween pins 2 and 3. 
6. re "" Transistor dynamic emitter 
resistance, at +250C; 


Double 
sideband suppressed carrier modulation 
is the basic 
application 
of the MC1596/MC 1496. 
The suggestedcircuit 
for 


this application 
is shown on the front 
page of this data sheet. 


In some applications, 
it 
may be necessary to 
operate the 
MC1596/MCl 496 with 
a single dc supply voltage instead of dual 
supplies. 
Figure 26 shows a balanced modulator 
designed for 


operation with a single +12 Vdc supply. 
Performance of this cir- 
cuit is similar to that of the dual supply modulator. 


The circuit 
shown in Figure 27 may be used as an amplitude 
modulator with a minor modification. 
All 
that is required to shift 
from suppressedcarrier to AM 
operation is to adjust the carrier null potentiometer for the proper 
amount of carrier insertion in the output signal. 


However, the suppressed carrier null 
circuitry 
as shown in 
Figure 27 does not have sufficient adjustment range. Therefore, 
the modulator 
may be modified for AM operation by changing 
two 
resistor values in the null 
circuit 
as shown in Figure 28. 


This product detector has a sensitivity of 3.0 microvolts and a 
dynamic range of 90 dB when operating at an intermediate fre- 
quency of 9 MHz. 
The detector is broadband for the entire high frequency range. 


For operation at very low intermediate frequencies down to 50 
kHz the 0.1 J.1Fcapacitors on pins 7 and 8 should be increasedto 
1.0 J.1F. Also, the output 
filter 
at pin 9 can be tailored to a 
specific intermediate 
frequency 
and audio 
amplifier 
input 
im- 
pedance. 


As in all applications of the MC1596/MC 1496, the emitter 


resistancebetween pins 2 and 3 may be increased or decreasedto 
adjust circuit gain, sensitivity, and dynamic range. 


This circuit may also be usedasan AM detector by introducing 
carrier signal at the carrier input and an AM signal at the SSB 
input. 
The carrier signal may be derived from the intermediate fre- 
quency signal or generated locally. 
The carrier signal may be in- 


troduced 
with 
or 
without 
modulation, 
provided 
its 
level is 
sufficiently 
high to saturate the upper quad differential 
amplifiet. 


If the carrier signal is mooulated, a 300 mV(rms) 
input level is 
recommended. 


Doubly BalancedMixer 


The MC1596/MC1496 
may be used as a doubly 
balanced 
mixer with 
either broadband or tuned narrow band input and 
output networks. 
The local oscillator 
signal is introduced 
at the carrier input 
port with a recommended amplitude of 100 mV(rms). 


Figure 30 shows a mixer with a broadband input and a tuned 
output. 


Frequency Doubler 


The MC1596/MC1496 will operate as a frequency doubler by 


introducing the same frequency at both input ports. 
Figures 31 and 32 show a broadband frequency doubler and a 
tuned output 
very high frequency (VH Fl doubler, respectively. 


Phase Detection and FM Detection 


The MC1596/MC1496 will function asa phasedetector. 
High- 
level input signalsare introduced at both inputs. When both inputs 
are at the same frequency the MC1596/MC1496 will 
deliver an 
output which is a function 
of the phase difference between the 
two input signals. 
An FM detector may be constructed by using the phasedetec- 
tor principle. 
A tuned circuit 
is addeq at one of the inputs to 
cause the two input signals to vary in phaseas a function 
of fre- 


quency. 
The MC1596/MC1496 will then prov.idean output which 
is a function of the input signal frequency. 


NOTE 
Pin number 
references 
pertain 
to this device when 
packaged 
in a metal can 
To ascertain 
the corresponding 
pin 
numbers 
for plastic 
or ceramic 
packaged devices refer to the first 
page of this specification 
sheet. 
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@ MOTOROLA 


The MC2B31A is a one-chip FM transmitter 
subsystem 
designed 
for 
cordless 
telephone 
and 
FM communication 
equipment. 
It 
includes 
a Microphone 
Amplifier, 
Pilot Tone Oscillator, 
Voltage 
Controlled 
Oscillator 
and Battery Monitor. 


• 
Wide Range of Operating 
Supply Voltage 
13.0 V-B.O V) 


• 
Low Drain Current 
(4.0 mA Typ Full Operation 
at 
VCC = 4.0 Vj 


• 
Battery Checker (290 /-LATyp at VCC = 4.0 V) 


• 
Low Number 
of External 
Parts Required 


lOW POWER 
FM TRANSMITTER SYSTEM 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 
••• 
1 
P SUFFIX 
PLASTICPACKAGE 
CASE648-06 


164!IJ· 


1 
o SUFFIX 
PLASTICPACKAGE 
CASE7518-03 
SO-16 


Variable 
Reactance 
Output 
Decoupling 


Modulator 
Input 


VCC2 
MicAmp 
Input 
MicAmp 
Output 
Tone 
Switch 


Tone 
Output 


Rating 
Pin 
Symbol 
Value 
Unit 


Power Supply Voltage 
4,12 
VCC 
10 
Vdc 


Operating Supply Voltage Range 
4.12 
VCC 
3.0 to 8.0 
Vdc 


Battery 
Checker 
Output 
Sink Current 
10 
ILED 
25 
mA 


Junction 
Temperature 
- 
TJ 
+ 150 
'c 


Operating Ambient Temperature Range 
- 
TA 
-30 to +75 
'C 


Storage 
Temperature 
Range 
- 
T5tg 
-65 to + 150 
'c 


•• 


•• 


Drain 
Current 


Drain 
Current 


Threshold 
Voltage 
(LED Off - 
On) 
VTB 
11 
1.0 
1.2 
1.4 
Vde 


Output 
Saturation 
Voltage 
VOSAT 
10 
- 
0.15 
0.5 
Vde 


(Pin" 
= 0 V, Pin 10 Sink Current 
= 5.0 mAl 


Voltage 
Gain, 
Closed 
Loop 
- 
5,6 
27 
30 
33 
dB 


IVin 
~ 
1.0 mVrms, 
fin = 1.0 kHz) 


Output 
de Voltage 
- 
6 
1.1 
1.4 
1.7 
Vde 


Output 
Swing 
(Vin 
~ 30 mVrms, 
fin = 1.0 kHz) 
- 
6 
0.8 
1.2 
1.6 
Vp-p 


Total 
Harmonic 
Distortion 
THD 
6 
- 
0.7 
- 
% 


(VO ~ 31 mVrms, 
fin = 1.0 kHz) 


Output 
AF Voltage 
(fo = 5.0 kHz) 
- 
8 
- 
50 
- 
mVrms 


Output 
de Voltage 
- 
8 
- 
1.4 
- 
Vde 


Total 
Harmonic 
Distortion 
- 
8 
- 
1.8 
5.0 
% 


(fo 
~ 5.0 kHz, VAF 
~ 
150 mVrms) 


Tone 
Switch 
Threshold 
- 
7 
1.1 
1.4 
1.7 
Vdc 


Output 
RF Voltage 
(fo = 16.6 MHz) 
VRFO 
14 
- 
40 
- 
mVrms 


Output 
de Voltage 
- 
14 
- 
1.3 
- 
Vde 


Modulation 
Sensitivity 
(Note 
1) 
- 
3,14 
6.0 
10 
18 
Hz mVde 


(Vin = 1.0 V :t 0.2 V) 


Maximum 
Deviation 
(Note 
1) 
- 
3,14 
=2.5 
=5.0 
= 12.5 
kHz 


(Vin = 0 V to 
+2.0 
V) 


RF Frequency 
Range 
- 
14 
- 
- 
60 
MHz 


-10 
4.7 
J..I.H 
16.605 
MHz 


56 pF 


15 
47P~ 


" 


13 


MC2831A 


12 
VCC1 


11 
Banery 


Checker 
In 


10 
LED 


0.047 


VCC2 


11 


20mH 


Ose 
Coil 


L1 
Toka 
America 


7PA Type 


126AN 
- 
6708X 


1.0 


Dynam;c >r 
Microphone 
-= 


The crystal 
used 
is fundamental 
mode, 
calibrated 
for parallel 
resonance 
with 
a 32 pF load. 
The 
49.7 
MHz 
output 
is generated 
in the 
output 
buHer, 


which 
generates 
useful 
harmonics 
10 60 MHz. 


The network 
on the output 
at Pin 14 provides 
output 
tuning 
and imped- 
ance 
matching 
to 50 n at 49.7 
MHz. 
Harmonics 
are suppressed 
by more 


than 
25 dB. 
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® MOTOROLA 


LOW 
POWER 
FM TRANSMITTER 
SYSTEM 
MC2833 is a one-chip 
FM transmitter 
subsystem 
designed 
for 
cordless telephone 
and FM communication 
equipment. 
It includes 
a microphone 
amplifier, 
voltage controlled 
oscillator 
and two aux- 
iliary transistors. 


• 
Wide Range of Operating 
Supply 
Voltage 
(2.8-9.0 
V) 


• 
Low Drain Current 
(lCC = 2.9 mA Typ) 


• 
Low Number 
of External 
Parts Required 


• 
-30 
dBm Power Output to 60 MHz Using Direct RF Output 
• 
+ 10 dBm Power Output Attainable 
Using On-Chip Transistor 
Amplifiers 
P SUFFIX 
PLASTICPACKAGE 
CASE648-06 
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FUNCTIONALBLOCKDIAGRAM 


16 
PIN ASSIGNMENTS 


Variable 
Reactance 


15 
Output 
} RF 
Osc 
Decoupling 


Modulator 
RF 
3 
14 
Input 
Output 


Mic 
MicAmp 
Tr 2 


Amp 
Output 
Base 


4 
13 
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Ratings 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
10 (max) 
V 


Operating 
Supply 
Voltage 
Range 
VCC 
2.8-9.0 
V 


Junction 
Temperature 
TJ 
+150 
'C 


Operating 
Ambient 
Temperature 
TA 
-30 
to 
+75 
'C 


Storage 
Temperature 
Range 
Tsto 
-65to 
+150 
·c 


Characteristics 


Drain 
Current 
(No 
input 
signal) 


FM MODULATOR 


Output 
RF Voltage 
(fa 
~ 
16.6 MHz) 
Vout 
RF 
14 
60 
90 
130 
mVrms 


Output 
DC Voltage 
(No 
input 
signal) 
Vdc 
14 
2.2 
2.5 
2.8 
V 


Modulation 
Sensitivity 
(fa = 16.6 MHz) 
SEN 
3.0 
7.0 
10 
15 
HzlmVdc 
(Vin = 0.8 V to 1.2 V) 
14 
- 
- 
- 


Maximum 
Deviation 
(fa 
~ 
16.6 MHz) 
Fdev 
3.0 
3.0 
5.0 
10 
kHz 
(Vin = 0 V to 2.0 V) 
14 
- 
- 
- 


Closed 
Loop 
Voltage 
Gain 
(Vin = 3.0 mVrms) 
Av 
4.0 
27 
30 
33 
dB 


(fin 
~ 
1.0 kHz) 
5.0 
- 
- 
- 


Output 
DC Voltage 
(No 
input 
signal) 
Vout 
de 
4.0 
1.1 
1.4 
1.7 
V 


Output 
Swing 
Voltage 
(Vin = 30 mVrms) 
Vout 
pop 
4.0 
0.8 
1.2 
1.6 
Vp-p 
(fin = 1.0 kHz) 


Total 
Harmonic 
Distortion 
(Vin = 3.0 mVrms) 
THD 
4.0 
- 
0.15 
2.0 
% 


(fin 
~ 
1.0 kHz) 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Collector 
Base 
Breakdown 
Voltage 
(lC = 5.0 /LA) 
VIBR)CBO 
15 
45 
- 
V 


Collector 
Emitter 
Breakdown 
Voltage 
(lC ~ 
200 !LA) 
V(BR)CEO 
10 
15 
- 
V 


Collector 
Substrate 
Breakdown 
Voltage 
(lC = 50 /LA) 
VIBR)CSO 
- 
70 
- 
V 


Emitter 
Base 
Breakdown 
Voltage 
(IE ~ 
50 /LAI 
V(BR)EBO 
- 
6.2 
- 
V 


Collector 
Base Cut Off Current 
(VCB = 10 V) 
ICBO 
- 
- 
200 
nA 


(IE = 0) 


DC Current 
Gain 
(lC 
~ 3.0 mAl 
hFE 
40 
150 
- 
- 


(VCE = 3.0 VI 


Current 
Gain 
Bandwidth 
Product 
(VCE = 3.0 VI 
IT 
- 
500 
- 
MHz 
(lC 
~ 3.0 mAl 


Collector 
Base Capacitance 
(VCE = 3.0 VI 
CCB 
- 
2.0 
- 
pF 
(lC ~ 
0) 


Collector 
Substrate 
Capacitance 
(VCS = 3.0 V) 
CCS 
- 
3.3 
- 
pF 
(lC 
~ 01 
• 


II 


Crystal: 
fo = 16.605 
MHz 


Mod 
Out 
16 
CL = 30 pF 
Co = 6.1 pF 


0.0047 
!J.F 
39 pF 
RS = 10 n Max 
p 
2 
15 
b. 


68 pF':' 


Mod 
In 
3 
14 
RF Out 


MicAmp 
4 
13 
Base 2 
Out 
MC2833 
220 k 


MicAmp 
5 
12 
Emitter 
2 
In 
6.3 k 


6 
11 
Collector 
2 
':' 


Emitter 
1 
7 
10 


+ 
~ 
O.o1!J.F 
47'T' 
!J.F ':' 
Base 
1 
8 
9 
Collector 
1 


d 


RFOutput 
47 pF 
49.7 
MHz 
t 


+10 
dBm 


220 pF 


~470 
pF 


NOTES: 
The 
crystal 
used 
is fundamental 
mode. 
calibrated 
for 
parallel 
resonance 
with 
a 32 
pF load. 
The 
49.7 
MHz 
output 
is 
generated 
in the 
output 
buffer. 
which 
is being 
used 
as a 
frequency 
tripler 
in this 
application. 


The 
networks 
in the 
output 
stages 
provide 
frequency 
selectivity 
and 
impedance 
matching 
at 49.7 
MHz. 


The 
RF output 
is + 10 dBm 
(10 
mW 
into 
50 n load) 
at 49.7 
MHz. 
with 
all 
harmonics 
reduced 
by more 
than 
50 dB. 


All 
capacitors 
in microfarads. 
inductors 
in Henries 
and 
resistors 
in Ohms 
unless 
otherwise 
specified. 


0.22 
p.H inductors 
are 
Toka 
Bl99SN-T1048Z 
3.3 JLH inductor 
is Toka 
B199KN·T1055Z 


@ MOTOROLA 


WIDEBAND 
FSK 
RECEIVER 


· .. includes 
Oscillator, 
Mixer, 
Limiting 
IF Amplifier, 
Ouadrature 
Detector, Audio Buffer, Squelch, Meter Drive, Squelch Status out- 
put, and Data Shaper comparator. 
The MC3356 is designed 
for 
use in digital 
data communications 
equipment. 


• 
Data Rates up to 500 kilobaud 


• 
Excellent Sensitivity: 
- 3 dB Limiting 
Sensitivity 
30 IJoVrms@ 100 MHz 


• 
Highly versatile, 
full-function 
device, yet few external 
parts are 
required 


FN SUFFIX 
PLASTIC 
PACKAGE 
CASE 
775-02 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
738-03 
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II 


Rlting 
Symbol 
Vllue 
Unit 


Power 
Supply 
Voltage 
VCC(max) 
15 
Vdc 


Operating 
Power 
Supply 
Voltage 
Range 
(Pins 6, 10) 
VCC 
3,0 to 9.0 
Vdc 


Operating 
R.F. Supply 
Voltage 
Range 
(pin 4) 
R.F. VCC 
3.0 to 12.0 
Vdc 


Junction 
Temperature 
TJ 
150 
·c 


Operating 
Ambient 
Temperature 
Range 
TA 
-40 
to 
+85 
·c 


Storage 
Temperature 
Range 
TstQ 
-65to 
+150 
·c 


Power 
Dissipation, 
Package 
Rating 
Po 
1.25 
W 


ELECTRICAL 
CHARACTERISTICS 
(VCC = 5.0 Vdc, 10 = 100 MHz, lose = 110.7 MHz, al = '" 75 kHz, Imod 
= 1.0 kHz, 50 n 


source, 
TA = 25°C, test circuit 
of Figure 3. unless 
otherwise 
noted.) 


Characteristics 
Min 
Typ 
MIx 
Unit 


Drain Current 
Total. 
RF VCC and VCC 
- 
20 
25 
mAde 


Input 
lor 
- 3 dB limiting 
- 
30 
- 
IJ.Vrms 


.. 
(S 
+ N) 
- 
60 
- 
IJ.Vrms 
Input 
lor 
50 dB qUieting 
-N- 


Mixer 
Voltage 
Gain, Pin 20 to Pin 5 
2.5 
- 
- 


Mixer 
Input 
Resistance, 
100 MHz 
- 
260 
- 
0 


Mixer 
Input 
Capacitance, 
100 MHz 
- 
5.0 
- 
pF 


Mixer/Oscillator 
Frequency 
Range 
(Note 
1) 
- 
0.2 to 150 
- 
MHz 


IF/Quadrature 
Detector 
Frequency 
Range 
INote 
11 
- 
0.2to 
50 
- 
MHz 


AM 
Rejection 
(30% AM, 
RF Vin 
= 1.0 mVrmsl 
- 
50 
- 
dB 


Demodulator 
Output, 
Pin 13 
- 
0.5 
- 
Vrms 


Meter 
Drive 
- 
7.0 
- 
•.••AldB 


Squelch 
Threshold 
- 
0.8 
- 
Vdc 


100 MHz 


Rcts 


U 


! 151 


L1 -110.7 
MHz, 0.4 •.••H 
7T 1122, 11,. Form 
w/slug 
& can 
L2- 
to.7 
MHz, 1.5 •.••H 
20T 1130, 11,. Form 
w/slug 
& can 
T1-muRata 
SFE10.7 
MA5-Z 
or 
KYOCERA 
KBF10.7MN-MA 


'I' 


17 
16 
15 
14 
13 
-=- 
12 


Campi 
+) 
CampI - I Squelch 
Squelch 
Oemod 
Demod 


Status 
Control 
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S +IN 1 ~ 
I 


,/ 


fo ~ll00IM~zl 
./ 
fm = 1.0 kHz 


Af 
~ 
± 75 kHz 
-- 
N + D 
--•••.•t-- 


_N 


a;i- 


1O 


5-30 
~ 
~-40 
~ 
-50 


-60 
0.Q1 


This device 
is intended 
for single 
and double 
con- 
version 
VHF receiver systems, 
primarily 
for FSK data 
transmission 
up to 500 K baud (250 kHz). It contains an 
oscillator, 
mixer, limiting 
IF, quadrature 
detector, signal 
strength 
meter drive, and data shaping amplifier. 
The oscillator 
is a common 
base Colpitts type which 
can be crystal controlled, 
as shown 
in Figure 1, or L-C 
controlled 
as shown in the other figures. At higher VCC, 
it has been operated 
as high 
as 200 MHz. A mixer/ 


oscillator 
voltage 
gain of 2 up to approximately 
150 
MHz, is readily achievable. 


The mixer functions 
well from 
an input signal of 10 
f.LVrms, below which 
the squelch 
is unpredictable, 
up 
to about 10 mVrms, 
before any evidence of overload. 
Operation 
up to 1.0 Vrms input is permitted, 
but non- 
linearity 
of the meter output 
is incurred, 
and some os- 
cillator pulling 
is suspected. The AM rejection above 10 
mVrms is degraded. 
The limiting 
IF is a high frequency 
type, capable of 
being operated up to 50 MHz. It is expected to be used 
at 10.7 MHz in most cases, due to the availability 
of 
standard ceramic 
resonators. 
The quadrature 
detector 
is internally 
coupled to the IF, and a 5.0 pF quadrature 
capacitor is internally 
provided. The - 3dB limiting 
sen- 
sitivity of the IF itself is approximately 
50 f.LV(at Pin 7). 


and the IF can accept signals 
up to 1.0 Vrms without 
distortion 
or change of detector quiescent dc level. 


The IF is unusual in that each of the last 5 stages of 
the 6 state limiter 
contains a signal strength 
sensitive, 
current sinking device. These are parallel connected and 
buffered to produce a signal slrength 
meter drive which 
is fairly linear for IF input signals of 10 f.LVto 100 mVrms. 
(See Figure 5.) 
A simple squelch arrangement 
is provided 
whereby 
the meter current 
flowing 
through 
the meter load re- 
sistance 
flips 
a comparator 
at about 
0.8 Vdc above 
ground. The signal strength at which this occurs can be 


z 
0:400 
>-'z 
g§ 300 
::>u 
~ 
100 
!il! 


adjusted by changing the meter load resistor. The com- 
parator( +) input and output are available to permit con- 
trol of hysteresis. Good positive action can be obtained 
for IF input 
signals 
of above 
30 f.LVrms. The 130 kO 
resistor 
shown 
in the 
test 
circuit 
provides 
a small 
amount of hysteresis. Its connection 
between the 3.3 k 
resistor to ground and the 3.0 k pot, permits adjustment 
of 
squelch 
level 
without 
changing 
the 
amount 
of 
hysteresis. 
The squelch is internally 
connected to both the quad- 
rature detector 
and the data shapero The quadrature 
detector 
output, 
when 
squelched, 
goes to a dc level 
approximately 
equal 
to 
the 
zero 
signal 
level, 
un- 
squelched. The squelch causes the data shaper to pro- 
duce a high (VCC) output. 


The data shaper is a complete "floating" 
comparator, 


with back to back diodes across its inputs. The output 
of the quadrature 
detector can be fed directly to either 
input of this amplifier to produce an output that is either 
at VCC or VEE, depending 
upon the received frequency. 


The impedance of the biasing can be varied to produce 
an amplifier 
which 
"follows" 
frequency 
detuning 
to 
some degree, to prevent data pulse width 
changes. 
When the data shaper is driven directly 
from the de- 
modulator output, Pin 13, there may be distortion 
at Pin 
13 due to the diodes, but this is not important 
in the 
data application. A useful note in relating high/low 
input 
frequency to logic state: low IF frequency 
corresponds 
to low demodulator 
output. If the oscillator 
is above the 
incoming 
RF frequency, 
then 
high 
RF frequency 
will 
produce a logic low. (Input to (+ )input of Data Shaper 
as shown in figures 
1 and 3.) 
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The MC3356 is a high frequency/high 
gain receiver 
that requires following 
certain layout techniques 
in de- 


signing 
a stable circuit 
configuration. 
The objective 
is 
to minimize 
or eliminate, 
if possible, 
any unwanted 
feedback. 


Shielding, which includes the placement of input and 
output components, 
is important 
in minimizing 
electro- 
static or electromagnetic 
coupling. 
The MC3356 has its 
pin connections 
such that the circuit designer can place 
the critical 
input and output 
circuits 
on opposite 
ends 
of the chip. Shielding 
is normally 
required for inductors 
in tuned circuits. 


The MC3356 has separate VCC's and grounds for the 
RF and IF sections which 
allows 
good external 
circuit 
isolation 
by minimizing 
common 
ground 
paths. 


Note that the circuits of figures 
1 and 3 have RF, os- 


cillator, and IF circuits predominantly 
referenced to the 


plus supply rails. Figure 6, on the other hand, shows a 
suitable means of ground referencing. The two methods 
produce identical 
results when carefully 
executed. It is 


important 
to treat Pin 19 as a ground 
node for either 


approach. 
The 
RF input 
should 
be "grounded" 
to 


OVor4.0V 
3.3k 


130k 
~ 


3.0 k 


Ei_· 


1 


3.3 k 


r----, 
I 
I 
't 
: 
I 
I 
I 
I 
I 
L 
J 


Pin 
1 and 
then 
the 
input 
and 
the 
mixer/oscillator 


grounds (or RF VCC bypasses) should be connected 
by 


a low inductance path to Pin 19. IF and detector sections 
should also have their bypasses returned by a separate 
path to Pin 19. VCC and RF VCC can be decoupled 
to 


minimize feedback, although the configuration 
of Figure 


3 shows a successful implementation 
on a common 
5.0 
supply. 
Once again, the message 
is: define 
a supply 
node and a ground 
node and return 
each section 
to 


those nodes by separate, low impedance 
paths. 


The test circuit of Figure 3 has a 3 db limiting 
level 
of 30 fJ.Vwhich can be lowered 6 db by a 1:2 untuned 
transformer 
at the input as shown 
in figures 
6 and 7. 


For applications 
that require 
additional 
sensitivity, 
an 


RF amplifier 
can be added, but with no greater than 20 
db gain. This will give a 2.0 to 2.5 fJ.Vsensitivity 
and any 


additional gain will reduce receiver dynamic range with- 
out improving 
its sensitivity. 
Although 
the test circuit 


operates at + 5.0 V, the mixer/oscillator 
optimum 
per- 


formance 
is at +8.0 V to 12 V. A minimum 
of +8.0 V 
is recommended 
in high frequency 
applications 
(above 
150 MHz), or in PLL applications 
where 
the oscillator 
drives a prescaler. 


~' 


= 
= 
RF Input Ground 


Depending 
on the external 
circuit, 
inverted 
or non- 


inverted data is available at Pin 18. Inverted data makes 
the higher frequency 
in the FSK signal a 'one' when the 
local oscillator is above the incoming 
RF. Figure 6 sche- 
matic shows the comparator 
with hysteresis. In this cir- 
cuit the dc reference voltage at Pin 17 is about the same 
as the demodulated 
output 
voltage 
(Pin 13) when 
no 
signal is present. This type circuit 
is preferred 
for sys- 


tems where the data rates can drop to zero. Some sys- 
tems have a low frequency 
limit on the data rate, such 
as systems using the MC3850 ACIA that has a start or 
stop bit. This defines the low frequency 
limit that can 
appear in the data stream. Figure 6 circuit can then be 


f 
"" 
10.7 


150 pF 


changed to a circuit 
configuration 
as shown 
in Figure 
7. In Figure 7 the reference voltage 
for the comparator 
is derived from the demodulator 
output 
through 
a low 
pass circuit where 
T is much lower than the lowest fre- 
quency data rate. This and similar circuits will compen- 
sate for small tuning changes (or drift) in the quadrature 
detector. 


Squelch status (Pin 15) goes high (squelch off) when 
the input signal becomes greater than some preset level 
set by the resistance between 
Pin 14 and ground. 
Hys- 
teresis is added to the circuit externally 
by the resistance 
from Pin 14 to Pin 15. 
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® MOTOROLA 


includes 
Oscillator, 
Mixer, 
Limiting 
Amplifier, 
Quadrature 


Oiscriminator, 
Active 
Filter, 
Squelch, Scan Control, 
and Mute 
Switch. The MC3357 is designed for use in FM dual conversion 


communications equipment. 


• 
Excellent Sensitivity: Input Limiting Voltage - 


(-3.0 dBI = 5.0 /lV ITyp) 


LOW 
POWER 
FM IF 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


Limiter 
Input 


Decoupling 


"• 
1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-06 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751 B-03 
SO-16 


Limiter 


Output 


Quad 
Input 


II 


_ .... 


Power Supply Voltage 
4 
Vcc(max) 
12 
Vdc 


Operating 
Supply Voltage Range 
4 
VCC 
4 t08 
Vdc 


Detector Input Voltage 
8 
- 
1.0 
Vp-p 


Input Voltage (VCC" 
6.0 Volts) 
16 
V,6 
1.0 
VRMS 


Mute Function 
14 
V,4 
-0.5 '0 5.0 
Vok 


Junction Temperature 
- 
Tj 
150 
°c 


Operating Ambient Temperature Range 
- 
TA 
-30'0+70 
°c 


Storage Temperature Range 
- 
TstQ 
-65'0+150 
°c 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Drain Current 
4 
mA 


Squelch Off 
- 
2.0 
- 


Squelch On 
- 
3.0 
5.0 


Input Limiting Voltage 
'6 
- 
5.0 
10 
~V 


(-3 dB Limiting) 


Detector Output Voltage 
9 
- 
3.0 
- 
Vdc 


Detector Output Impedance 
- 
- 
400 
- 
n 


Recovered Audio Output Voltage 
9 
200 
350 
- 
mVrms 
(Vin 
0= 10 mV) 


Filter Gain (10 kHz) 
- 
40 
46 
- 
dB 
(Vin ~ 5 mV) 


Filter Output Voltage 
11 
1.8 
2.0 
2.5 
Vdc 


T rigger Hysteresis 
- 
- 
100 
- 
mV 


Mute F unction Low 
14 
- 
15 
50 
l! 


Mute Function High 
14 
1.0 
10 
- 
Mn 


Scan Function Low (Mute Off) 
13 
- 
0 
0.5 
Vdc 
(V,2 ~ 2 Vdcl 


Scan Function High (Mute On) 
13 
5.0 
- 
- 
Vdc 
(V,2 ~ Gndl 


Mixer Conversion Gain 
3 
- 
20 
- 
dB 


Mixer Input Resistance 
16 
- 
3.3 
- 
kl! 


Mixer Input Capacitance 
16 
- 
2.2 
- 
pF 


muRata 
CFU 
4550 


390k 
1.0~F 


1.0 k 
+ t---o Filter 
In 


Audio 
Out 


*0.01 ~F 


r 
, 
I 
I 
I 
I 
I 
I 
L 
.J 


Lp""1.0mH 


Cp"100pF 
Rp = 100 
kO 


The MC3357 is a low power 
FM IF circuit 
designed 
primarily 
for 
use 
in voice 
communication 
scanning 


receivers. 


The mixer-oscillator 
combination 
converts 
the input 
frequency 
(e.g., 10.7 MHz) down to 455 kHz, where, after 
external 
bandpass 
filtering, 
most of the amplification 
is done. The audio 
is recovered 
using a conventional 
quadrature 
FM detector. The absence of an input signal 
is indicated 
by the presence of noise above the desired 
audio frequencies. 
This "noise 
band" 
is monitored 
by 
an active filter and a detector. A squelch trigger 
circuit 
indicates the presence of noise (or a tone) by an output 
which 
can be used to control 
scanning. 
At the same 
time, an internal 
switch 
is operated which can be used 
to mute the audio. 


The oscillator 
is an internally-biased 
Colpitts type with 
the collector, 
base, and emitter 
connections 
at Pins 4, 


1, and 2 respectively. 
A crystal can be used in place of 
the usual coil. 


The mixer is doubly-balanced 
to reduce spurious 
re- 
sponses. The input impedance 
at Pin 16 is set by a 3.0 
kfi 
internal 
biasing 
resistor 
and has low capacitance, 


allowing 
the circuit 
to be preceded 
by a crystal filter. 


The collector 
output 
at Pin 3 must be dc connected 
to 
B+, below which 
it can swing 0.5 V. 


After suitable 
bandpass filtering 
(ceramic or LC) the 
signal goes to the input of a five-stage 
limiter at Pin 5. 


The output 
of the limiter 
at Pin 7 drives 
a multiplier, 


both internally 
directly, 
and externally 
through 
a quad- 
rature coil, to detect the FM. The output at Pin 7 is also 
used to supply 
dc feedback to Pin 5. The other side of 
the first limiter 
stage is decoupled 
at Pin 6. 
The recovered audio is partially filtered, then buffered 
giving 
an impedance 
of around 
400 fi 
at Pin 9. The 
signal 
still 
requires 
de-emphasis, 
volume 
control 
and 
further 
amplification 
before driving 
a loudspeaker. 


A simple inverting 
op amp is provided with an output 
at Pin 11 providing 
dc bias (externally) 
to the input at 
Pin 10 which 
is referred 
internally 
to 2.0 V. A filter can 
be made with external 
impedance 
elements to discrim- 
inate between frequencies. 
With an external AM detec- 
tor the filtered 
audio signal can be checked for the pres- 
ence of noise above the normal 
audio band, or a tone 
signal. This information 
is applied to Pin 12. 


An external positive bias to Pin 12 sets up the squelch 
trigger 
circuit 
such that Pin 13 is low at an impedance 
level of around 
60 kfi, and the audio mute (Pin 14) is 
open circuit. 
If Pin 12 is pulled 
down 
to 0.7 V by the 
noise or tone detector, Pin 13 will rise to approximately 
0.5 Vdc below supply where it can support a load current 
of around 500 !-LAand Pin 14 is internally 
short-circuited 
to ground. 
There is 100 mV of hysteresis 
at Pin 12 to 
prevent 
jitter. 
Audio 
muting 
is accomplished 
by con- 
necting 
Pin 14 to a high-impedance 
ground-reference 
point 
in the audio 
path between 
Pin 9 and the audio 
amplifier. 
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@ MOTOROLA 


· .. includes oscillator, 
mixer, limiting 
amplifier, 
AFC, quadrature 


discriminator, 
op/amp, 
squelch, 
scan control, 
and mute switch. 


The MC3359 is designed to detect narrowband 
FM signals using 
a 455 kHz ceramic filter for use in FM dual conversion 
commu- 


nications equipment. 
The MC3359 is similar to the MC3357 except 


that the MC3359 has an additional 
limiting 
IFstage, an AFC output, 


and an opposite 
polarity 
Broadcast Detector. The MC3359 also 


requires fewer external 
parts. 


• 
Low Drain Current: 3.6 mA (Typ) (ll VCC = 6.0 Vdc 


• 
Excellent Sensitivity: 
Input Limiting 
Voltage - 


- 3.0 dB = 2.0 p.V (Typ) 


• 
Low Number 
of External Parts Required 


SO, 


:ro4711F _\ 
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-Squelch 
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Inven,ng 
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(Foiter) 


Input 


r" ---- 
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I 
Quad 
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Co,, 
I 
L 
J 


Toka 


Type 1\ 
RMC-2A6597HM 


"=" 
100 pf 


HIGH GAIN 
lOW POWER 
FM IF 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
707-02 


OW SUFFIX 


PLASTIC 
PACKAGE 
CASE 
751D-03 
SO-20L 
20. 


1 


Cfv5tal{ 
I 
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11 
Demod 


OutpUt 


10 
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AudIO 


CASE 
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20 
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19 
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Osc. 
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17 
Audio 
Output 
Mute 


VCC 
;: I. 
Scan 
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Control 


limiter 
~ 
15 
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Input 
u 
Input 
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Decoupling 
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Filter 
Output 


Decoupling 
13 
Filter 
Input 


Quadrature 
12 
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Input 
Output 


Demodulator 
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11 
Recovered 


Filter 
Audio 


CASE 
7510-03 


II 


Rating 
Pin 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
4 
Vcc(max) 
12 
Vdc 


Operating 
Supply 
Voltage 
Range 
4 
VCC 
4 to 9 
Vdc 


Input 
Voltage 
(VCC'" 
6.0 Volts) 
18 
V18 
1.0 
Vrms 


Mute 
Function 
16 
V16 
-0.7 
to 12 
Vok 


Junction 
Temperature 
- 
TJ 
150 
·C 


Operating 
Ambient 
Temperature 
Range 
- 
TA 
-30 
to + 70 
·C 


Storage 
Temperature 
Range 
- 
Tsto 
-65 
to + 150 
·C 


ELECTRICAL 
CHARACTERISTICS 
(Vcc 
~ 6.0 Vdc, fo 
~ 10.7 MHz, <If = 
1:3.0 kHz, fmod 
~ 1.0 kHz, 50 I1 source, 


TA 
~ 25·C test circuit 
of Figure 
3, unless 
otherwise 
noted) 


Characteristics 
Min 
Typ 
Max 
Units 


Drain 
Current 
(Pins 4 and 8) 
Squelch 
Off 
- 
3.6 
6.0 
mA 
Squelch 
On 
- 
5.4 
7.0 


Input 
for 20 dB Quieting 
- 
BO 
- 
j.LVrms 


Input 
for 
- 3.0 dB Limiting 
- 
2.0 
- 
j.LVrms 


Mixer 
Voltage 
Gain 
(Pin 18 to Pin 3, Open) 
- 
46 
- 


Mixer 
Third 
Order 
Intercept, 
50 I1 Input 
- 
-1.0 
- 
dBm 


Mixer 
Input 
Resistance 
- 
3.6 
- 
kl1 


Mixer 
Input 
Capacitance 
- 
2.2 
- 
pF 


Recovered 
Audio, 
Pin 10 
450 
700 
- 
mVrms 
(Input 
Signal 
1.0 mVrms) 


Detector 
Center 
Frequency 
Slope, 
Pin 10 
- 
0.3 
- 
V/kHz 


AFC Center 
Slope, 
Pin 11, Unloaded 
- 
12 
- 
V/kHz 


Filter Gain 
(test circuit 
of Figure 
3) 
40 
51 
- 
dB 


Squelch 
Threshold, 
Through 
10K to Pin 14 
- 
0.62 
- 
Vdc 


Scan 
Control 
Current, 
Pin 15 
Pin 14 - 
High 
- 
0.01 
1.0 
p.A 
-Low 
2.0 
2.4 
- 
mA 


Mute 
Switch 
Impedance 
Pin 14 - 
High 
- 
5.0 
10 
I1 
Pin 16 to Ground 
-Low 
1.5 
- 
Mil 


Ceramic 


Filter 


muRata 
CFU45SD 


0' 
Kyocera 
KBF455P-20A 


1.0 M 


12 
~ 
Op Amp 
tnput 


1.0 
J.LF 


400 


200 


~ 100 
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E. 
60 
~ 
40 


>-'~ 
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MC3359 


CIRCUIT DESCRIPTION 


The MC3359 
is a low-power 
FM IF circuit 
designed 
primarily 
for 
use in voice-communication 
scanning 
receivers. 
It is also 
finding 
a place 
in narrowband 
data 
links. 
In the typical 
application 
(Figure 
11,the mixer-oscillator 
com- 
bination 
converts 
the input 
frequency 
(10.7 MHz) down 
to 455 
kHz, where, 
after 
external 
bandpass 
filtering, 
most 
of the am- 
plification 
is done. The audio 
is recovered 
using 
a conventional 


quadrature 
FM detector. 
The absence 
of an input 
signal 
is in- 


dicated 
by the presence 
of noise 
above 
the desired 
audio 
fre- 
quencies. 
This 
"noise 
band" 
is monitored 
by an active 
filter 
and a detector. 
A squelch-trigger 
circuit 
indicates 
the presence 
of noise (or a tone) 
by an output 
which 
can be used to control 
scanning. 
At the same time, 
an internal 
switch 
is operated 
which 
can be used to mute 
the audio. 


APPLICATION 


The oscillator 
is an internally 
biased 
Colpitts 
type 
with 
the 
collector, 
base, and emitter 
connections 
at Pin 4, 1, and 2, re~ 
spectively. 
The crystal 
is used in fundamental 
mode, calibrated 
for parallel 
resonance 
at 32 pF load capacitance. 
In theory 
this 
means 
that the two 
capacitors 
in series 
should 
be 32 pF, but 


in fact 
much 
larger 
values 
do not significantly 
affect 
the os- 
cillator 
frequency, 
and provide 
higher 
oscillator 
output. 


The oscillator 
can also be used in the conventional 
UC Col- 
pins configuration 
without 
loss of mixer 
conversion 
gain. This 
oscillator 
is, of course, 
much 
more 
sensitive 
to voltage 
and 
temperature 
as shown 
in Figure 
12. Guidelines 
for choosing 
L 
and C values 
are given 
in Figure 
14. 


The mixer 
is doubly 
balanced 
to reduce spurious 
responses. 
The mixer 
measurements 
of Figure 4 and 6 were 
made using 
an external 
50 n source 
and the internal 
1.8 k at Pin 3. Voltage 
gain curves 
at several VCC voltages 
are shown 
in Figure 4. The 


Third 
Order 
Intercept 
curves 
of Figure 
6 are shown 
using 
the 
conventional 
dBm 
scales. 
Measured 
power 
gain 
(with 
the 50 
n input) 
is approximately 
18 dB but the 
useful 
gain 
is much 
higher 
because 
the mixer 
input 
impedance 
is over 3 kn. Most 
applications 
will 
use a 330 n 10.7 MHz crystal 
filter 
ahead 
of 
the 
mixer. 
For higher 
frequencies, 
the 
relative 
mixer 
gain 
is 
given 
in Figure 
8. 
Following 
the 
mixer, 
a ceramic 
bandpass 
filter 
is recom- 
mended. 
The 455 kHz types come 
in bandwidths 
from 
:t 2 kHz 
to :t 15 kHz and have input 
and output 
impedances 
of 1.5 k to 
2.0 k. For this reason, the Pin 5 input 
to the 6 stage limiting 
IF 


has an internal 
1.8 k resistor. 
The 
IF has a 3 dB limiting 
sen- 
sitivity 
of approximately 
100 p.V at Pin 5 and a useful frequency 
range 
of about 
5 MHz as shown 
in Figure 
5. The frequency 
limitation 
is due to the high 
resistance 
values 
in the IF, which 
were 
necessary 
to meet the low power 
requirement. 
The out- 
put of the limiter 
is internally 
connected 
to the quadrature 
de- 
tector, 
including 
the 10 pF quadrature 
capacitor. 
Only a parallel 


UC is needed 
externally 
from 
Pin 8 to VCC' A shunt 
resistance 
can be added 
to widen 
the peak separation 
of the quadrature 
detector. 
The 
detector 
output 
is amplified 
and 
buffered 
to the 
audio 
output, 
Pin 
10, which 
has an output 
impedance 
of approxi- 
matley 
300 !l. Pin 9 provides 
a high 
impedance 
(50 kl point 
in 
the output 
amplifier 
for 
application 
of a filter 
or de-emphasis 
capacitor. 
Pin 11 is the 
AFC output, 
with 
high 
gain 
and 
high 
output 
impedance 
(1 MI. If not needed, 
it should 
be grounded, 
or it can be connected 
to Pin 9 to double 
the recovered 
audio. 


The detector 
and AFC responses 
are shown 
in Figure 7. 


Overall 
performance 
of the MC3359 from 
mixer 
input 
to au- 
dio output 
is shown 
in Figure 
9 and 10. The MC3359 can also 
be operated 
in "single 
conversion" 
equipment; 
Le., the mixer 
can be used as a 455 kHz amplifier. 
The oscillator 
is disabled 
by connecting 
Pin 1 to Pin 2. In this 
mode 
the overall 
pertor· 
mance 
is identical 
to the 
10.7 MHz results 
of Figure 
9. 
A simple 
inverting 
op amp is provided 
with 
an output 
at Pin 
13 providing 
dc bias (externally) 
to the input 
at Pin 12, which 
is referred 
internally 
to 2.0 V. A filter can be made with 
external 
impedance 
elements 
to 
discriminate 
between 
frequencies. 
With 
an external 
AM detector, 
the filtered 
audio 
signal 
can be 
checked 
for 
the 
presence 
of either 
noise 
above 
the 
normal 
audio, 
or a tone 
signal. 


The open 
loop 
response 
of this 
op amp 
is given 
in Figure 
13. Bandpass 
filter 
design 
information 
is provided 
in Figure 
15. 


A low bias to Pin 14 sets up the squelch-trigger 
circuit 
such 
that 
Pin 15 is high, 
a source 
of at least 2.0 mA, 
and the audio 
mute 
(Pin 
16) is open-circuit. 
If Pin 14 is raised 
to 0.7 V by the 
noise 
or tone 
detector, 
Pin 15 becomes 
open 
circuit 
and Pin 
16 is internally 
short circuited 
to ground. 
There is no hysteresis. 
Audio 
muting 
is accomplished 
by connecting 
Pin 16 to a high- 
impedance 
ground-reference 
point 
in the audio 
path between 
Pin 10 and the audio 
amplifier. 
No de voltage 
is needed, 
in fact 
it is not desirable 
because 
audio 
"thump" 
would 
result 
during 
the 
muting 
function. 
Signal 
swing 
greater 
than 
0.7 V below 
ground 
on Pin 16 should 
be avoided. 


® MOTOROLA 


· .. includes 
Ocillator, 
Mixer, Limiting 
Amplifier, 
Quadrature 
Dis- 
criminator, 
Active Filter, Squelch, Scan Control, and Mute Switch. 
The MC3361 is designed 
for use in FM dual conversion 
com- 
munications 
equipment. 


• 
Operates From 1.8 V to 7.0 V 


• 
Low Drain Current 4.0 mA Typ @ VCC = 4.0 Vdc 


• 
Excellent Sensitivity: 
Input Limiting 
Voltage - 
- 3.0 dB = 2.0 !LV Typ 


• 
Low Number 
of External Parts Required 


LOW POWER 
FM IF 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
- 


1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-06 


,# 


1 


D SUFFIX 
PLASTIC 
PACKAGE 
CASE 
7518-03 
SO-16 


crvstalj 


aSC,t 


Limiter 
Output 


Quad 
Input 


II 


Rating 
Pin 
Symbol 
Valua 
Unit 


Power 
Supply 
Voltage 
4 
Vcc(max) 
8.0 
Vdc 


Operating 
Supply 
Voltage 
Range 
4 
VCC 
1.8 to 7.0 
Vdc 


Detector 
Input 
Voltage 
8 
- 
1.0 
Vp-p 


Input 
Voltage 
(VCC '" 4.0 Volts) 
16 
V16 
1.0 
VRMS 


Mute 
Function 
14 
V14 
-0.5to 
5.0 
Vak 


Junction 
Temperature 
- 
TJ 
150 
'c 


Operating 
Ambient 
Temperature 
Range 
- 
TA 
-30 
to 
+70 
'c 


Storage 
Temperature 
Range 
- 
Tsto 
-65to 
+150 
'c 


ELECTRICAL CHARACTERISTICS 
(VCC = 4.0 Vdc, 10 = 10.7 MHz, 
At = :t 3.0 kHz, Imod 
= 1.0 kHz, TA = 25'C 


unless 
otherwise 
noted.) 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Drain 
Current 
4 
mA 
Squelch 
Off 
- 
4.0 
- 
Squelch 
On 
- 
6.0 
- 


Input 
Limiting 
Voltage 
16 
- 
2.0 
- 
p.V 


(- 
3.0 dB Limiting) 


Detector 
Output 
Voltage 
9 
- 
2.0 
- 
Vdc 


Detector 
Output 
Impedance 
- 
- 
400 
- 
n 


Recovered 
Audio 
Output 
Voltage 
9 
100 
150 
- 
mVrms 
(Vin = 10 mV) 


Filter 
Gain 
(10 kHz) 
- 
40 
48 
- 
dB 
(Vin = 5.0 mV) 


Filter 
Output 
Voltage 
11 
- 
1.5 
- 
Vdc 


Trigger 
Hysteresis 
- 
- 
50 
mV 


Mute 
Function 
Low 
14 
- 
10 
- 
n 


Mute 
Function 
High 
14 
- 
10 
- 
Mn 


Scan 
Function 
Low 
(Mute 
Off) 
13 
- 
- 
0.5 
Vdc 
(V12 
~ 
2.0 Vdc) 


Scan 
Function 
High 
(Mute 
On) 
13 
3.0 
- 
- 
Vdc 
(V12 = Gnd) 


Mixer 
Conversion 
Gain 
3 
- 
24 
- 
dB 


Mixer 
Input 
Resistance 
16 
- 
3.3 
- 
kn 


Mixer 
Input 
Capacitance 
16 
- 
2.2 
- 
pF 


+ E---o Filter Amp In 
1.0l'F 


AF Output 
~0.Q1 
I'F 
Quad Coil 
Toko Type 
O.l1'F:J: 


RMC·2A6597HM 


@ MOTOROLA 


. includes 
dual FM conversion 
with 
oscillators, 
mixers, 
quad- 


rature 
detector, 
and meter 
drive 
carrier 
detect 
circuitry. 
The 


MC3362 also has buffered first and second local oscillator 
outputs 
and a comparator 
circuit 
for FSK detection. 


• 
Wide Input Bandwidth: 


- 
200 MHz using Internal 
Local Oscillator 


- 
450 MHz using External 
Local Oscillator 


• 
Complete 
Dual Conversion 
Circuitry 


• 
Low Voltage: 
VCC = 2.0 to 7.0 Vdc 


• 
Low Drain Current 
(3.6 mA (Typ) 
(u VCC = 3.0 Vdcl 


• 
Excellent 
Sensitivity: 
Input 0.7 "V ITyp) for 12 dB SINAD 


• 
Data Shaping 
Comparator 


• 
Received Signal Strength 
Indicator 
(RSSI) with 60 dB 
Dynamic .Range 


• 
Low Number 
of External 
Parts Required 


• 
Manufactured 
in Motorola's 
MOSAIC Process Technology 


LOW POWER 
DUAL CONVERSION 
FM RECEIVER 


J#fftftmfJ 


1 
P SUFFIX 
PLASTICPACKAGE 
CASE724-02 
24# 


OW SUFFIX 


PLASTICPACKAGE 
CASE751E-02 
SO-24 


limiter 
Decoupling 


limiter 
Decoupling 


• 


Rlting 
Pin 
Symbol 
Vllue 
Unit 


Power 
Supply 
Voltage 
6 
VCC(max) 
8.0 
Vdc 


Operating 
Supply 
Voltage 
Range 
(Recommended) 
6 
VCC 
2.0 to 7.0 
Vdc 


Input 
Voltage 
(VCC '" 5.0 Vdc) 
1,24 
Vl-24 
1.0 
Vrms 


Junction 
Temperature 
- 
TJ 
150 
·c 


Operating 
Ambient 
Temperature 
Range 
- 
TA 
-40 
to 
+85 
·c 


Storage 
Temperature 
Range 
- 
Tsto 
-65to 
+150 
·c 


ELECTRICAL 
CHARACTERISTICS 
(VCC = 5.0 Vdc, fa = 49.7 MHz, Deviation 
= 3.0 kHz, TA = 25'C, Test Circuit 
of Figure 
3 


unless 
otherwise 
noted) 


Chlrlcteristic 
Pin 
Min 
Typ 
MIx 
Units 


Drain 
Current 
ICarrier 
Detect 
Low - 
See Figure 
5) 
6 
- 
4.5 
7.0 
mA 


Input 
for 
- 3.0 dB Limiting 
- 
- 
0.7 
2.0 
J-LVrms 


Recovered 
Audio 
(RF signal 
level = 10 mV) 
13 
- 
350 
- 
mVrms 


Noise 
Output 
(RF signal 
level = 0 mV) 
13 
- 
250 
- 
mVrms 


Carrier 
Detect 
Threshold 
(below 
VCC) 
10 
- 
0.64 
- 
Vdc 


Meter 
Drive 
Slope 
10 
- 
100 
- 
nAidB 


Input 
for 
20 dB (S + N)/N (See Figure 
7) 
- 
- 
0.7 
- 
/LVrms 


First Mixer 
3rd Order 
Intercept 
(Input) 
- 
- 
-22 
- 
dBm 


First Mixer 
Input 
Resistance 
(Rp) 
- 
- 
690 
- 
n 


First Mixer 
Input 
Capacitance 
(Cp) 
- 
- 
7.2 
- 
pF 


First Mixer 
Conversion 
Voltage 
Gain 
- 
- 
18 
- 
dB 


Second 
Mixer 
Conversion 
Voltage 
Gain 
- 
- 
21 
- 
dB 


Detector 
Output 
Resistance 
13 
- 
1.4 
- 
kn 


10.5 Turns 
Coilcraft 
UNI-10/142 


MC3362 
FL1: 
6 
19 
muRata 
CFU455D 


7 
18 
or 
Taka 
LFC-4551 


8 
17 
FL2: 


9 
16 
muRata 
SFE10.7MA 


10 
15 
or 
0.1 
Taka 
SK107M3-AO-10 
11 
14 


12 
13 


12 


11 


10 


9.0 


8.0 
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CIRCUIT 
DESCRIPTION 
The MC3362 is a complete FM narrowband 
receiver 
from antenna input to audio preamp output. The low 
voltage dual conversion design yields low power drain, 
excellent sensitivity 
and good image rejection in nar- 
rowband voice and data link applications. 


In the typical 
application 
(Figure 1), the first mixer 
amplifies the signal and converts the RF input to 10.7 
MHz. This IF signal is filtered externally and fed into the 
second mixer, which further 
amplifies 
the signal and 
converts it to a 455 kHz IF signal. After external band- 
pass filtering, the low IF is fed into the limiting amplifier 
and detection circuitry. The audio is recovered using a 
conventional 
quadrature 
detector. Twice-IF filtering 
is 
provided internally. 
The input signal level is monitored 
by meter drive 
circuitry 
which 
detects the amount 
of limiting 
in the 
limiting 
amplifier. 
The voltage at the meter drive pin 
determines the state of the carrier detect output, which 
is active low. 


APPLICATION 
The first 
local oscillator 
can be run using a free- 


running 
LC tank, as a VCO using 
PLL synthesis, 
or 
driven from an external crystal oscillator. 
It has been 
run to 190 MHz.' A buffered output is available at Pin 
20. The second local oscillator 
is a common 
base Col- 


pitts type which 
is typically 
run at 10.245 MHz under 
crystal control. 
A buffered 
output 
is available 
at Pin 
2. Pins 2 and 3 are interchangeable. 
The mixers are doubly 
balanced to reduce spurious 
responses. The first and second mixers have conver- 
sion gains of 18 dB and 22 dB (typical), 
respectively, 
as seen in Figure 6. Mixer gain is stable with respect 
to supply 
voltage. 
For both conversions, 
the mixer 


impedances and pin layout are designed to allow the 
user to employ low cost, readily available ceramic fil- 
ters. Overall sensitivity 
and AM rejection 
are shown 
in Figure 7. The input level for 20 dB (S+ N)/N is 0.7 
/-LVusing the two-pole 
post-detection 
filter pictured. 


*If the first local oscillator 
(Pins 21 and/or 
22) is driven 
from 
a strong 
external 
source 
(100 
mVrms), 
the 
mixer 
can 
be 
used to over 450 MHz. 


Following 
the first mixer, a 10.7 MHz ceramic band- 
pass filter is recommended. 
The 10.7 MHz filtered sig- 
nal is then fed into one second mixer 
input 
pin, the 
other input pin being connected to VCC. 


The 455 kHz IF is typically 
filtered 
using a ceramic 
bandpass filter then fed into the limiter 
input pin. The 
limiter 
has 10 /-LVsensitivity 
for - 3.0 dB limiting, 
flat 
to 1.0 MHz. 
The output 
of the limiter 
is internally 
connected to 
the 
quadrature 
detector, 
including 
a quadrature 
capacitor. A parallel LC tank is needed externally 
from 
Pin 12 to VCc. A 68 kfl shunt resistance 
is included 
which 
determines 
the peak separation 
of the quad- 
rature detector; a smaller value will increase the spac- 
ing and linearity 
but decrease recovered 
audio and 
sensitivity. 
A data shaping circuit 
is available 
and can be cou- 
pled to the recovered audio output of Pin 13. The cir- 
cuit is a comparator 
which is designed to detect zero 
crossings 
of FSK modulation. 
Data rates of 2000 to 
35000 baud are detectable 
using the circuit of Figure 
1. Hysteresis is available by connecting 
a high-valued 
resistor from 
Pin 15 to Pin 14. Values below 
120 kfl 
are not recommended 
as the input signal cannot over- 
come the hysteresis. 
The meter drive circuitry 
detects input signal level 
by monitoring 
the limiting 
of the limiting 
amplifier 
stages. Figure 4 shows the unloaded current at Pin 10 
versus input 
power. The meter drive current 
can be 
used directly 
(RSSI) or can be used to trip the carrier 
detect circuit 
at a specified 
input 
power. To do this, 
pick an RF trip level in dBm. Read the corresponding 
current from Figure 4 and pick a resistor such that: 


RlO = 0.64 Vdc /110 


Hysteresis 
is available 
by connecting 
a high-valued 
resistor RH between Pins 10 and 11. The formula 
is: 


Hyst. = VCC/(RH x 10-7) 
dB 
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® MOTOROLA 


The MC3363 is a single chip narrowband 
VHF FM radio receiver. 


It is a dual conversion 
receiver with RF amplifier 
transistor, 
oscil- 
lators, mixers, quadrature 
detector, meter drive/carrier 
detect and 
mute circuitry. 
The MC3363 also has a buffered first local oscillator 
output 
for 
use with 
frequency 
synthesizers, 
and a data slicing 
comparator 
for FSK detection. 


• 
Wide Input Bandwidth - 
200 MHz Using Internal Local Oscillator 
- 
450 MHz Using External Local Oscillator 


• 
RF Amplifier 
Transistor 


• 
Muting 
Operational 
Amplifier 


• 
Complete 
Dual Conversion 


• 
Low Voltage: 
VCC = 2.0 V to 7.0 V 


• 
Low Drain Current: 
ICC = 3.6 mA (Typ) at VCC = 3.0 V, 


Excluding 
RF Amplifier 
Transistor 


• 
Excellent Sensitivity: 
Input 0.3 p.V (Typ) for 12 dB SINAD 
Using Internal 
RF Amplifier 
Transistor 


• 
Data Shaping 
Comparator 


• 
Received Signal Strength 
Indicator 
(RSSI) with 60 dB 
Dynamic 
Range 


• 
Low Number 
of External 
Parts Required 


• 
Manufactured 
in Motorola's 
MOSAIC Process Technology 


• 
See AN980 For Additional 
Design Information 


LOW 
POWER 
DUAL 
CONVERSION 
FM RECEIVER 


OW SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751 F-02 
50-28 


Rating 
Pin 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
8 
VCC(max) 
8.0 
Vdc 


Operating 
Supply 
Voltage 
Range 
8 
VCC 
2.0 to 7.0 
Vdc 


(Recommended) 


Input 
Voltage 
(VCC = 5.0 Vdc) 
1,28 
V1-28 
1.0 
Vrms 


Mute 
Output 
Voliage 
19 
V19 
-0.7 
to 8.0 
Vpk 


Junction 
Temperature 
- 
TJ 
150 
"C 


Operating 
Ambient 
Temperature 
Range 
- 
TA 
-40 
to 
+85 
"C 


Storage 
Temperature 
Range 
- 
Tsto 
-65 
to 
+ 150 
"C 


ELECTRICAL CHARACTERISTICS 
(VCC ~ 5.0 Vdc, fo = 49.7 MHz, Deviation 
= 
±3.0 
kHz, TA 
~ 25"C, Mod 
1.0 kHz, 


Test Circuit 
of Figure 
2 unless 
otherwise 
noted) 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Drain 
Current 
(Carrier 
Detect 
Low) 
8 
- 
4.5 
8.0 
mA 


- 3.0 dB Limiting 
Sensitivity 
(RF Amplifier 
Not Used) 
- 
- 
0.7 
2.0 
"Vrms 


20 dB SIN Sensitivity 
(RF Amplifier 
Not Used) 
- 
- 
1.0 
- 
~Vrms 


1st Mixer 
Input 
Resistance 
(Parallel 
- 
Rp) 
1,28 
- 
690 
- 
Ohm 


1st Mixer 
Input 
Capacitance 
(Parallel 
- 
Cp) 
1,28 
- 
7.2 
- 
pF 


1st Mixer 
Conversion 
Voltage 
Gain 
(Ave', 
Open 
Circuit) 
- 
- 
18 
- 
dB 


2nd Mixer 
Conversion 
Voltage 
Gain (Avc2' 
Open 
Circuit) 
- 
- 
21 
- 
dB 


2nd 
Mixer 
Input 
Sensitivity 
(20 dB SIN) 
(10.7 MHz i/p) 
21 
- 
10 
- 
p.Vrms 


Limiter 
Input 
Sensitivity 
(20 dB SIN) 
(455 kHz i/p) 
9 
- 
100 
- 
p.Vrms 


RF Transistor. 
DC Current 
Drain 
4 
1.0 
1.5 
2.5 
mAde 


Recovered 
Audio 
(RF Signal 
Level = 1.0 mV) 
16 
120 
200 
- 
mVrms 


Noise 
Output 
Level 
(RF Signal 
~ 0 mV) 
16 
- 
70 
- 
mVrms 


THO of Recovered 
Audio 
(RF Signal 
= 1.0 mY) 
16 
- 
2% 
- 
% 


Detector 
Output 
Impedance 
16 
- 
400 
- 
Ohm 


Data (Comparator) 
Output 
Voltage 
- 
High 
18 
- 
- 
VCC 
Vdc 


-Low 
18 
0.1 
0.1 
- 
Vdc 


Data (Comparator) 
Threshoid 
Voltage 
Difference 
17 
70 
110 
150 
mV 


Meter 
Drive 
Slope 
12 
70 
100 
135 
nAidB 


Carrier 
Detect 
Threshold 
(Below 
VCC) 
. 
12 
0.53 
0.64 
0.77 
Vdc 


Mute 
Output 
Impedance 
- 
High 
19 
- 
10 
- 
Mohm 
-Low 
19 
- 
25 
- 
Ohm 
II 


I 


CRF 1: muRata 
SFE 10.7 M 
or Equivalent 


CRF 2: muRata 
CFU 455D 
or Equivalent 


L1: Coilcraft 
UN110/142 
10V, Turns 


LC1: Taka 
RMC2A6597HM 


r----o 
Comparator 
Test Input 


0.01 


CIRCUIT DESCRIPTION 
The MC3363 is a complete 
FM narrowband 
receiver 
from RFamplifier to audio preamp output. The low volt- 
age dual conversion 
design 
yields 
low 
power 
drain, 


excellent 
sensitivity 
and good image rejection 
in nar- 


rowband 
voice and data link applications. 


In the typical application, 
the input RFsignal is ampli- 


fied by the RF transistor 
and then the first mixer ampli- 
fies the signal and converts the RF input to 10.7 MHz. 
This IF signal is filtered 
externally 
and fed into the sec- 


ond mixer, which further 
amplifies 
the signal and con- 
verts it to a 455 kHz IF signal. After external 
bandpass 
filtering, 
the low IF is fed into the limiting 
amplifier 
and 
detection circuitry. The audio is recovered using a con- 
ventional 
quadrature 
detector. Twice-IF filtering 
is pro- 
vided internally. 


The input 
signal 
level is monitored 
by meter drive 
circuitry 
which 
detects the amount 
of limiting 
in the 
limiting 
amplifier. 
The voltage 
at the meter drive 
pin 
determines 
the state of the carrier detect output, which 


is active low. 


APPLICATION 
The first local oscillator 
is designed to serve as the 
VCO in 
a Pll 
frequency 
synthesized 
receiver. 
The 
MC3363 can operate together 
with the MC145166f7 to 
provide a two-chip 
ten channel frequency 
synthesized 
receiver 
in the 
46/49 cordless 
telephone 
band. The 
MC3363 can also be used with the MC14515X series of 
CMOS Pll 
synthesizers 
and MC120XX series of ECl 
prescalers in VHF frequency synthesized applications 
to 
200 MHz. 


For single channel applications 
the first 
local oscil- 
lator can be crystal controlled. 
The circuit of Figure 4 
has been used successfully 
up to 60 MHz. For higher 
frequencies 
an external oscillator signal can be injected 
into Pins 25 and/or 26 - 
a level of approximately 
100 
mVrms is recommended. 
The first mixer's transfer char- 
acteristic 
is essentially 
flat to 450 MHz when 
this 
approach 
is used (keeping a constant 
10.7 MHz IF fre- 
quency). The second local oscillator 
is a Colpitts type 
which 
is typically 
run at 
10.245 MHz under 
crystal 
control. 


The mixers are doubly 
balanced to reduce spurious 
responses. The first and second mixers have conversion 
gains of 18 dB and 21 dB (typical), respectively. 
Mixer 
gain is stable with 
respect to supply voltage. 
For both 
conversions, 
the mixer impedances 
and pin layout are 
designed to allow the user to employ 
low cost, readily 
available ceramic filters. 
Following 
the first mixer, a 10.7 MHz ceramic band- 


pass filter is recommended. 
The 10.7 MHz filtered signal 
is then fed into the second mixer input Pin 21, the other 
input Pin 22 being connected to VCC. 


The 455 kHz IF is filtered 
by a ceramic narrow band- 
pass filter then fed into the limiter input Pin 9. The limiter 
has 10 J.LVsensitivity 
for 
-3.0 
dB limiting, 
flat to 1.0 
MHz. 


The output 
of the limiter 
is internally 
connected 
to 
the quadrature 
detector, including 
a quadrature 
capac- 


itor. A parallel lC tank is needed externally from Pin 14 
to VCC. A 68 kOhm shunt resistance is included which 
determines the peak separation of the quadrature detec- 
tor; 
a smaller 
value will 
lower the Q and expand the 
deviation 
range and linearity, 
but decrease recovered 
audio and sensitivity. 


A data shaping circuit is available and can be coupled 
to the recovered audio output 
of Pin 16. The circuit is 
a comparator 
which is designed to detect zero crossings 
of FSK modulation. 
Data rates of 2000 to 35000 baud 
are detectable using the comparator. 
Best sensitivity 
is 
obtained when data rates are limited to 1200 baud max- 
imum. Hysteresis is available by connecting 
a high-val- 
ued resistor from 
Pin 17 to Pin 18. Values below 
120 
kOhm are not recommended 
as the input signal cannot 
overcome the hysteresis. 
The meter drive circuitry 
detects input signal level by 
monitoring 
the limiting 
of the limiting 
amplifier 
stages. 
Figure 5 shows the unloaded 
current at Pin 12 versus 
input 
power. 
The 
meter 
drive 
current 
can be used 
directly 
(RSSI) or can be used to trip the carrier detect 
circuit at a specified input power. 
A muting 
op amp is provided 
and can be triggered 
by the carrier detect output 
(Pin 13). This provides 
a 
carrier level triggered 
squelch circuit which is activated 
when the RF input at the desired input frequency 
falls 
below a preset level. The level at which this occurs is 
determined 
by the resistor 
placed between the meter 
drive output 
(Pin 12) and VCC. Values between 80-130 
kOhms are recommended. 
This type of squelch is pic- 
tured in Figures 3 and 4. 
Hysteresis is available 
by connecting 
a high-valued 
resistor Rh between Pins 12 and 13. The formula 
is: 


Hyst = VCC/ (Rh x 10-7) 
dB 


The meter drive can also be used directly to drive a 
meter or to provide AGC. A current to voltage converter 
or other linear buffer will be needed for this application. 
A second possible application 
of the op amp would 
be in a noise triggered 
squelch circuit, 
similar 
to that 
used with the MC3357/MC3359/MC3361 FM I.F.'s. In this 
case the op amp would 
serve as an active noise filter, 
the output 
of which would 
be rectified 
and compared 
to a reference on a squelch gate. The MC3363 does not 
have a dedicated squelch gate, but the NPN RF input 
stage or data shaping 
comparator 
might 
be used to 
provide this function 
if available. The op amp is a basic 
type with the inverting 
input and the output 
available. 
This application 
frees the meter drive to allow 
it to be 
used as a linear signal strength 
monitor. 


The circuit of Figure 4 is a complete 50 MHz receiver 
from antenna input to audio preamp output. It uses few 
components 
and has good performance. 
The receiver 
operates on a single channel and has input sensitivity 
of <0.3 J.LVfor 12 dB SINAD. 
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LOW VOLTAGE 
SINGLE 
CONVERSION 
FM RECEIVER 


· .. with 
single conversion 
circuitry 
including 
oscillator, 
mixer, IF 
amplifiers, 
limiting 
IF circuitry, 
and quadrature 
discriminator. 
The 
MC3367 is perfect for narrowband 
audio and data applications 
up 
to 75 MHz which 
require extremely 
low power consumption. 
Bat- 


tery powered 
applications 
down to VCC = 1.1 V are possible. The 
MC3367 also includes an on-board 
voltage 
regulator, 
low battery 
detection 
circuitry, 
a receiver 
enable 
allowing 
a power 
down 


"sleep 
mode," 
two undedicated 
buffer amplifiers 
to allow simul- 
taneous 
audio and data reception, 
and a comparator 
for enhanc- 
ing FSK (Frequency 
Shift Keyed) data reception. 


• 
Low Supply Voltage: 
VCC = 1.1 to 3.0 Vdc 


• 
Low Power Consumption: 
Po = 1.5 to 5.0 mW 


• 
Input Bandwidth 
75 MHz 


• 
Excellent Sensitivity: 
Input Limiting 
Voltage (-}.O dB) 


= 0.2,..,Vrms 


• 
Voltage 
Regulator 
Available 
(Source Capability 
3.0 mAl 


• 
Receiver Enable to Allow 
Active/Standby 
Operation 


• 
Low Battery Detection 
Circuitry 


• 
Self Biasing Audio 
Buffer with 
Nominal 
Gain AV = 4.0 


• 
Data Buffer with 
Nominal 
Gain AV = 3.2 


• 
Comparator 
with> 
25 kHz (50 kbaud) Capability 


• 
Standard 
28-Lead Surface Mount 
(SOIC) Package 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


OW SUFFIX 
PLASTICPACKAGE 
CASE751F-02 


50-28 


Mixer Dcpl. 


Mixer 
Out 
Mixer 
In 
Osc. Dcpl. 
Osc. Base 
Ose. Emit. 
Isrc Dcpl. 


IF Gnd 
VCC2 
Rec.Audio 
Quad Tank 
Quad Tank 
Demod. Gnd 


Comparator liP 


2nd IF Amp In 
Data Buffer Out 
Data Buffer In 
1st IFAmp Out 
VCC3 
1st IF Amp In 
Audio Buffer Out 
Audio Buffer In 
Low Battery Det. 
1.2V Select 
VCC 
Vreg 
Receiver 
Enable 


Comparator OIP 


III 


Parameter 
Pin 
Value 
Units 


Supply 
Voltage 
18 
5.0 
Vdc 


RF Input 
Signal 
3 
1.0 
Vrms 


Audio 
Buffer 
Input 
21 
1.0 
Vrms 


Data Buffer 
Input 
26 
1.0 
Vrms 


Comparator 
Input 
14 
1.0 
Vrms 


Junction 
Temperature 
- 
150 
·C 


Storage 
Temperature 
- 
-65 
to 
+150 
·C 


Parameter 
Pin 
Value 
Units 


Supply 
Voltage 
18 
1.1 to 3.0 
Vdc 


Receiver 
Enable 
Voltage 
16 
o or VCC 
Vdc 


1.2 V Select 
Voltage 
19 
VCC 
Vdc 


RF Input 
Signal 
3 
0.001 to 100 
mVrms 


RF Input 
Frequency 
3 
o to 75 
MHz 


Intermediate 
Frequency 
(IF) 
- 
455 
kHz 


Audio 
Buffer 
Input 
21 
o to 75 
mVrms 


Data Buffer 
Input 
26 
o to 75 
mVrms 


Comparator 
Input 
14 
10 to 300 
mVrms 


Ambient 
Temperature 
- 
o to 70 
·C 


Fl2 
28 
c::= 


2 
27 
.J, 


9 P 
1000p "Y' Fl1 
RF Input >---1~ 
"'" 
3 
26 
45 MHz 
2p 
0.7 !L 
4 
25 
0.1 
1.2!L_ 
330 


1.0 kt!44~5 
MH;1 
- 


5 
24 


6 
~0.1 
23 


"'" 
7 
22 


0.1*, 
8 
21 
= 
100 k 
9 
20 


1.0 'T' 
10 
19 
Cp ~ 
180 P 
= 
11 
18 


56 k 
+ 
17 
12 
-:D 1.0 
Toko 
RMC 
"'" 
2A 6597HM 
13 
16 


14 
15' 


100 k 


Fl1 
~ 
Fl2 
~ 


Toko lFC-455F/I 
or 
muRata 
CFU 455D/E/F 


ELECTRICAL 
CHARACTERISTICS 
(VCC = 1.3 V, fo = 45 MHz, 
fmod 
= 1.0 kHz, Deviation 
= 3.0 kHz, TA = 25·C, 


Test 
Circuit 
of Figure 
2 unless 
otherwise 
noted) 


Characteristic 
I 
Pin 
I 
Min 
Typ 
Max 
Units 


OVERALL 
MC3367 
PERFORMANCE 


Drain 
Current 
- 
Pin 15 = VCC 
- 
- 
1.4 
3.0 
mA 


- 
Pin 15 = 0 Vdc 
- 
- 
0.5 
- 
JLA 


Recovered 
Audio 
(RF Input 
= 10 mV) 
10 
- 
13 
- 
mVrms 


Noise 
Output 
(RF Input 
= 0 mV) 
10 
- 
4.5 
- 
mVrms 


Input 
for 
- 3.0 dB Limiting 
3 
- 
0.2 
- 
p.Vrms 


MIXER 


Mixer 
Input 
Resistance 
(Rp) 


Mixer 
Input 
Capacitcmce 
(Cpl 


FIRST 
IF AMPLIFIER 


I First 
IF Amp 
Voltage 
Gain 


AUDIO 
BUFFER 


Voltage 
Gain 
- 
- 
4.0 
- 
VN 


Input 
Resistance 
21 
- 
125 
- 
kil 


Maximum 
Input 
for Undistorted 
Output 
21 
- 
70 
- 
mVrms 


Maximum 
Output 
Swing 
22 
- 
800 
- 
mVpp 


Output 
Resistance 
22 
- 
680 
- 
il 


Voltage 
Gain 
- 
- 
3.2 
- 
VN 


Input 
Resistance 
26 
- 
8.0 
- 
Mil 


Maximum 
Input for Undistorted 
Output 
26 
- 
70 
- 
mVrms 


Maximum 
Output 
Swing 
27 
- 
600 
- 
mVpp 


Output 
Resistance 
27 
- 
1.5 
- 
kil 


Minimum 
Input for Triggering 
14 
- 
7.0 
- 
mVrms 


Maximum 
Input 
Frequency 
(RL = 100kO) 
14 
- 
25 
- 
kHZ 


Rise Time 
(10-90%; 
RL = 100 kO) 
15 
- 
5.0 
- 
JLS 


Fall Time 
(90-10%; 
RL = 100 kO) 
15 
- 
0.4 
- 
JLS 


LOW 
BATTERY 
DETECTOR 


Low 
Battery 
Trip 
Point 


Low 
Battery 
Output 
- 
VCC = 0.9 V 


-VCC 
= 1.3 V 


VOLTAGE 
REGULATOR 
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(see Figure 
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CIRCUIT DESCRIPTION 
The MC3367 is an FM narrowband 
receiver capable 
of operation 
to 75 MHz. The low voltage design yields 
low power drain and excellent sensitivity in narrowband 
voice and data link applications. 
In the typical applica- 


tion the mixer amplifies 
the incoming 
RF or IF signal 
and converts the RF or IF frequency 
to 455 kHz. This 
signal is then filtered by a 455 ceramic filter and applied 
to the first intermediate 
frequency 
(IF) amplifier 
input. 


This amplifier amplifies the 455 kHz IF before it is filtered 
by a second ceramic filter. The modulated 
IF signal is 
then applied to the limiting 
IF amplifier 
and detector 
circuitry. 
Audio 
is recovered 
by a conventional 
quad- 


rature detector. 
Features 
available 
include 
buffers 
for audio/data 
amplification 
and active filtering, 
on board voltage reg- 
ulator, 
low 
battery 
detection 
circuitry 
with 
program- 


mable level, and receiver disable circuitry. The MC3367 
is an FM utility 
receiver to be used for voice and/or 
narrowband 
data reception, 
especially suitable where 
extremely 
low 
power 
consumption 
and high 
design 
flexibility 
are required. 
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APPLICATION 
The MC3367 can be used as a high performance 
FM 
IF for 
use in low 
power 
dual conversion 
receivers. 


Because of the MC3367's extremely 
good sensitivity 
(0.6 /-LV for 20 dB (S + N)/N, see Figure 5), it can also 
be used as a stand alone single 
conversion 
narrow- 


band receiver to 75 MHz for applications 
not sensitive 
to image frequency 
interference. 


The oscillator 
is a Colpitts type which can be run as 
an lC oscillator 
or under crystal 
control. 
The crystal 
in Figure 2 is a 3rd overtone 
series mode type. and 
the 1.2 /-LHcoil (11) and 1.0 kO resistor are needed to 
ensure proper operation. 
For fundamental 
mode crys- 
tals, the inductor 
l1 can be omitted. 


The best adjacent channel and sensitivity 
response 
occur when two 455 kHz ceramic filters 
are used, as 
shown in Figure 2. Either can be replaced by a 0.1 /-LF 
coupling 
capacitor to reduce cost, but some degrada- 


tion in sensitivity 
and/or stability 
is suspected. 


The detector 
is a quadrature 
type. with the connec- 


tion from the limiter 
output to the detector 
input pro- 
vided internally 
as with the MC3359 and the MC3361. 


One of the tank pins (Pin 11) must be decoupled 
using 
a 0.1 JLFcapacitor. The 56 kil damping 
resistor shown 
in Figure 2 determines 
the peak separation 
(and thus 
the detector 
bandwidth) 
of the detector. 
Smaller 
val- 


ues will 
increase 
the separation 
and bandwidth 
but 
decrease recovered 
audio and sensitivity. 


Th~ data buffer 
is a non-inverting 
amplifier 
with 
a 
nominal 
voltage 
gain of 3.2 VIV. This buffer needs its 
dc bias (approx. 
250 mV) provided 
externally 
or else 
debiasing 
will occur. A single-pole 
RC filter 
as shown 
in Figure 5 connecting 
the recovered audio output 
to 
the data buffer input provides the necessary dc bias and 
some post-detection 
filtering. 
The buffer can also be 
used as an active filter. 


The audio buffer is a non-inverting 
amplifier 
with a 
nominal 
voltage 
gain of 4.0 VIV. This buffer 
is self- 
biasing 
so its input 
should 
be ac coupled. 
The two 
buffers, 
when 
used 
as active 
filters, 
can 
be used 
together 
to allow 
simultaneous 
audio and very 
low- 
speed data reception. 
Another 
possible configuration 
is to receive audio only and include a noise-triggered 
squelch. 


The comparator 
is a non-inverting 
type with an open 
collector 
output. 
Typically 
the 
pull-up 
resistor 
used 
between Pin 15 and VCC is 100 kil. With RL = 100 kil 


This circuit 
is self-biasing, 
so its input 
should 
be ac 
coupled. 


The regulator is a 0.95 V reference capable of sourcing 
3.0 mA. This pin (Pin 17) needs to be decoupled 
using 
a 1.0-10 
JLFcapacitor 
to maintain 
stability 
of the 
MC3367. 


All three VCC's on the MC3367 (VCC,VCC2, VCC3) run 
on the same supply voltage. VCC is typically 
decoupled 
using 
capacitors 
only. 
VCC2 and VCC3 should 
be 
bypassed using the RC bypasses shown 
in Figure 2. 


Eliminating 
the 
resistors 
on the VCC2 and 
VCC3 
bypasses may be possible in some applications, 
but a 
reduction 
in sensitivity 
and quieting will likely occur. 


The low battery detection circuit gives an NPN open 
collector 
output 
at Pin 20 which 
drops low when the 
MC3367 supply voltage drops below 1.1 V. Typically 
it 
would 
be pulled up via a 100 kil resistor to supply. 


The 1.2 V Select pin, when connected to the MC3367 
supply, programs the low battery detector to trip at VCC 
< 1.1 V. Leaving this pin open raises the trip voltage on 
the low battery detector. 


Pin 16 is a receiver enable, which is connected to VCC 
for normal 
operation. 
Connecting 
this 
pin to ground 
shuts off receiver and reduces current 
drain to ICC < 


0.5 JLA. 
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The MC13055 is intended for RF data link systems using carrier 
frequencies 
up to 40 MHz and FSK (frequency 
shift keying) data 
rates up to 2.0M Baud (1.0 MHz). This design 
is similar 
to the 
MC3356, except that it does not include the oscillator/mixer. 
The 
IF bandwidth 
has been increased and the detector output has been 
revised to a balanced configuration. 
The received signal strength 
metering 
circuit has been retained, as has the versatile data slicer/ 


comparator. 


• 
Input Sensitivity 
20 /iV (a 40 MHz 


• 
Signal Strength 
Indicator 
Linear Over 3 Decades 


• 
Available 
in Surface Mount 
Package 


• 
Easy Application, 
Few Peripheral 
Components 


WIDEBAND 
FSK 
RECEIVER 


MONOLITHIC 
SILICON 
INTEGRATED 
CIRCUIT 


,,"rt~L 


PLASTIC 
PACKAGE 
CASE 
648-06 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
7516-03 


SO-16 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC(max) 
15 
Vdc 


Operating 
Supply 
Voltage 
Range 
V2, V4 
3.0 to 12 
Vdc 


Junction 
Temperature 
TJ 
150 
°c 


Operating 
Ambient 
Temperature 
Range 
TA 
-40 
to 
+85 
°c 


Storage 
Temperature 
Range 
TStQ 
-65 
to 
+ 150 
°c 


Power 
Dissipation, 
Package 
Rating 
PD 
1.25 
W 


ELECTRICAL CHARACTERISTICS 


IVCC = 5.0 Vdc, fo 
= 40 MHz, fmod 
= 1.0 MHz, 
.'>1 = '" 1.0 MHz, TA 
= 25°C, Test circuit 
of Figure 
2) 


Characteristics 
Measure 
Min 
Typ 
Max 
Unit 


Total 
Drain 
Current 
12 + 14 
- 
20 
25 
mA 


Data Comparator 
Pull-Down 
Current 
116 
- 
10 
- 
mA 


Meter 
Drive 
Slope 
versus 
Input 
112 
4.5 
7.0 
9.0 
!,AldB 


Carrier 
Detect 
Pull-Down 
Current 
113 
- 
1.3 
- 
mA 


Carrier 
Detect 
Pull·Up 
Current 
I 
113 
- 
500 
- 
!,A 


Carrier 
Detect 
Threshold 
Voltage 
V12 
700 
800 
900 
mV 


DC Output 
Current 
110,111 
- 
430 
- 
!,A 


Recovered 
Signal 
Vl0 
- 
Vll 
- 
350 
- 
mVrms 


Sensitivity 
for 20 dB S + N N, BW = 5.0 MHz 
VIN 
- 
20 
- 
JLVrms 


S+N/N 
at Vin = 50!'V 
Vl0 
- 
Vl1 
- 
30 
- 
dB 


Input 
Impedance 
«I 40 MHz 
Rin 
Pin 5, Ground 
- 
4.2 
- 
kil 


Gin 
- 
4.5 
- 
pF 


Quadrature 
Coil Loading 
Rin 
Pin 9 to 8 
- 
7.6 
- 
kil 


Gin 
- 
5.2 
- 
pF 


Coils - 
Shielded 
Coilcralt 
UNI-l0/142 


L1 Gray 8-1/2 Turns, 
nominal 
300!'H 
L2 Black 10-112 Turns, 
nominal 
380!'H 


or 
TOKO Series 
E526HNA 


L1 Part No.1 00301 
L2 Part No. 100079 


r 
-Li---' 
I 
I 
L 
J 


- 
,-- - 


I 
I 
I 


/ 


Output 
fmod 
= 1.0 MHz 


<If = 1.0 MHz 


.L 
- - 
- 
- 


/ " 
/ 
r.. 
"-Noise 


/ 
"- 
/ 
"'- 
"'- 
L- 
AMR 1.0 kHz 


""- 


"'" 
- 
30(0 
/ 
.•.... 
/ 


'\ 
7'-- 
....•••.. 


I 
'v 
1"'-/ 


"' 
~ 
-20 
~ 
~ -30 
o 
w> 
~ 
-40 
~ -50 


-60 
-40 


SIGNAL INPUT IdBm) 


-10I 
-20 
~ -30 
:;: 
;:: 
-40 
inz~ -50 
'"z 
-60 
;::~ -70 
::;•...~ -BO 
;;; 


-90 


-100 
0 


Quadrature 


40 MHz 
Coil Tuning 


./ 
-f-- 


/ 


/ 
\ 'I 


!"" 


Limiting 
-- 
Sensitivity 
-- 


I 


I 


600 


;;' 
.:; 
500 
- 
,..: 400 
~ 
::> 300 
u 
'"•... 


200 
:E 


100 


I 
I 


vee~~ 
/' 
~ 


///- 
12V 
z 
..0 Y" 
b" 
// 
-& 
~ 


.-::: 


-60 
-40 


INPUT SIGNAL IdBm) 


403 


40.2 


40.1 


40.0 ~ 


399 ~ 
~ 
BOO 


39.8 ~ 
0 


39.7 ~ 


39.68 


395 ~ 
::> 


39.4 0 


39.3 


39.2 


I 
I ---- 
-- -;+111 
-- 
-- 


•....... 
-- 


....--- 
--12 
+ 14 


-- 
/ 
1 


/ 


"':600 
~a 
400 
'"§ 
~ 
200 
~ 


7 
9 


Vee (Vdcl 


- 
r-- 
-- -- 
-- 


~ 
2.0 
o 
~ 
0 


~ -2.0 
:> 
~ -4.0 
o~ -6.0 


~ -8.0 
~g -10 


-11 


-00 
-~ 
-m 
0 
m 
~ 
00 
00 
~ 
1m 
~ 


AMBIENT TEMPERATURE 
lOCI 


I 
Inputlo~ 


--10~ 
~ 
-10 
~ 
~ 
~ 
-- 
-30 
••...••... 
~ 
/ 
i'-... '-" 
--- 
40 
...••...••.. 
,, 
--- 
...... 
--- 
-..... 


....•..... 
.•. 
... ":.., 
-so 
......... <~ ""....,> 


--- 
r-- 
...• ...• 
.... 


........ 
...• 


~400 
.-: 
[j! 
'5300 
u 
'"~ 
:E 200 


o 
10 
40 
00 
00 
100 
110 1~ 


AMBIENT 
TEMPERATURE 
lOCI 


1000 


:>E~ 900 
z 
0:: 
':3 000 
0 
~ 
:I:~ 700 
~ 
u~~ 
'" 
roo 
w 
ge 


<'5 


'.... "" 
r----..... 


••...••... 


.......... 


..•. 


'..•. 


SOO-00 -~ 
-m 
0 
m 
~ 
00 
00 
~ 
1m 
~ 


AMBIENT TEMPERATURE 
lOCI 


.•..•1-'. 


.•... '" 
........- 
-- --- 


~ 
~ -60 
'> 
>= 
Vi 
~ 
-70 
'"z 
>= 
~ 
-BO 
~~ 
;;: -90 


16 


:os:0 
14 


--l0 
:ll 
12 
0r»r 
Zm» 
4 
:ll 
CXl 
::::: 
a, 
z 
<0 
--l 
m 
:ll 
"Tl» 
(") 
m 
0 
m 
6 
< 
7 
(") 
m 
(f) 


GENERAL DESCRIPTION 
The MC13055 is an extended frequency 
range FM IF, 


quadrature 
detector, signal strength 
detector and data 
shapero It is intended 
primarily 
for FSK data systems. 


The design 
is very similar 
to MC3356 except that the 
oscillator/mixer 
has been removed, and the frequency 
capability 
of the IF has been raised about 2:1. The de- 


tector output configuration 
has been changed to a bal- 


anced, open-collector 
type to permit symmetrical 
drive 
of the 
data 
shaper 
(comparator). 
Meter 
drive 
and 
squelch features have been retained. 
The limiting 
IF is a high frequency 
type, capable of 
being operated up to 100 MHz. It is expected to be used 
at 40 MHz in most cases. The quadrature 
detector 
is 
internally 
coupled 
to the IF, and a 2.0 pF quadrature 
capacitor is internally 
provided. The 20 dB quieting sen- 
sitivity 
is approximately 
20 jJ.V, tuned input, and the IF 


can accept signals up to 220 mVrms 
without 
distortion 
or change of detector quiescent dc level. 


The IF is unusual in that each of the last 5 stages of 


the 6 stage limiter 
contains a signal strength 
sensitive, 
current sinking device. These are parallel connected and 
buffered to produce a signal strength meter drive which 


is fairly linear for IF input signals of 20 jJ.V to 20 mVrms. 
(See Figure 4.) 
A simple squelch arrangement 
is provided 
whereby 
the meter current flowing 
through the meter load resis- 
tance flips a comparator 
at about 0.8 Vdc above ground. 
The signal strength at which this occurs can be adjusted 
by changing the meter load resistor. The comparator( 
+) 
input and output are available to permit control of hys- 
teresis. Good positive action can be obtained for IF input 
signals of above 20 jJ.Vrms. 
A resistor R from Pin 13 to 


Pin 12 will provide VCC/R of feedback current. This cur- 
rent can be correlated to an amount 
of signal strength 
hysteresis by using Figure 4. 


The squelch is internally connected to the data shapero 
Squelch causes the data shaper to produce a high (VCC) 
output. 


The data shaper is a complete "floating" 
comparator, 
with diodes across its inputs. The outputs of the quad- 
rature detector can be fed directly to either or preferably 
both inputs 
of the comparator 
to produce 
a squared 
output swinging from VCC to ground in inverted or non- 
inverted form. 


· . reflecting 
Motorola's 
continuing 
commitment 
to 
semiconductor 
products 
necessary 
for consumer 
sys- 


tem designs. This tabulation is arranged to simplify firs!: 
order selection 
of con'sumer integrated 
circuit devices 


that satisfy the primary 
functions 
for home entertain- 


ment products, 
including 
Television, 
Hi-Fi Audio 
and 
AM/FM Radio. 


Selector 
Guide 
Entertainment 
Radio Receiver 
Circuits 
9-2 
Video Circuits 
9-3 
Remote Control Circuits 
9-5 


Alphanumeric 
Index. . . . . . . . . . . . . . . .. 
9-6 


Related Application 
Notes. 
. . . . . . . . .. 
9-6 


Data Sheets 
9-7 
Consumer 
Electronic 
Circuits 


Consumer Electronic Circuits 


Entertainment 
Radio Receiver Circuits 
C-QUAMIO AM Stereo Decoders 
. 


FM Stereo Decoder 
Audio Amplifiers .. 
Audio Attenuators/Controls. 
Video Circuits 
Modulators 
.. 


Demodulators 


Tuning System Circuits. 
Deflection. 
Sound 
. 


Transistor 
Arrays. 


Television 
SUbsystems 
. . 
. .•.......•.... 


Video IF Amplifiers 
.........•. 


Remote Control Circuits .. 


function 
Features 
Suffix/Case 
Device 


Basic AM 
Stereo 
Decoder 
Monaural/Stereo 
AM 
Detector, 
Indicator, 
6-10 
V Operation 
pn38 
MC13020 


Advanced 
AM 
Stereo 
Decoder 
Medium 
Voltage 
2-8 V, Decoder 
and IF Amp 
DWn51F 
MC13022 


AM 
Front 
End 
Tuning 
Stabilizer 
for 
MC13022 
pn38 
MC13023 


AM Stereo 
Personal 
Radio 
Complete 
Low Voltage 
AM Stereo 
Receiver 
pn24 
MC13024 


Tuning 
Stabilizer 
Companion 
for 
MC13020 
for 
Manual 
Tuned 
Receivers 
P/648 
MC13021 


AM 
Broadcast 
Receiver 
AM 
Receiver 
Subsystem 
- 
Ideal Companion 
for 
MC13020 
pn38 
MC13041 


Channel 
Stereo/Indicator 
Separation 
THD 
lamp 
Driver 
Function 
dB Typ 
%Typ 
mA Max 
Features 
Suffix/Case 
Device 


FM Multiplex 
Stereo 
Decoder 
62 
0.' 
100 
Low Signal 
Blend 
-/648 
TCA4500A 


for Noise 
Reduction 


U 
10 
mpll lers 


Vin 
Po 
VCC 
@ rated Po 
ID 
RL 
Function 
Watts 
Vdc Max 
mVTyp 
mA Typ 
Ohms 
Suffix/Case 
Type 


Mini 
Watt 
SOIC Audio 
Amp 
1.0W 
35 
80 
11 
16 
Dn51 
MC13060 


Low Power 
Audio 
Amp 
400 mW 
16 
- 
2.5 mA 
8-100 
Dn51 
MC34119 
P/626 


Tone 


VCC 
Control 
Attenuation 
Range 
THO 
Range 
Range 
Function 
Vdc 
% 
dB Typ 
dB Typ 
Suffix/Case 
Device 


Stereo, 
Volume, 
Bass, Treble, 
Balance 
8.5-18 
0.1 Typ 
±14 
80 
pn07 
TCA5550 


Stereo, 
Volume, 
Bass. Treble. 
Balance 
3-18 
0.5 Max 
±15 
80 
pn07 
TDA1524 


A.M. 
RECEIVER 


SYSTEM 


MC13041 


C.QUAMA.M. 


STEREO DECODER 


MCl3020 


STEREO TONE 


CONTROL 


TDA1524 


TCA5550 


RF 


MPF102 


J·FET 
SYNTHESIZED 
MC145156-1 
Pll 
FREQ. SYN. 


TUNING 
MCl46805 
CMOS 
MCU 


SUBSYSTEM 


When AM stereo broadcasting 
was sanctioned 
by the 
F.C.C. in 1982, there were five different 
systems vying for 
user approval. 
Since 
then 
C-QUAM'" 
has become 
the 
defacto standard 
in the U.S.A., as the market and broad- 


casters 
recognize 
its performance 
advantages. 
It is the 
legal standard 
in Canada, Australia and Brazil where A.M. 
is the dominant 
radio medium. C-QUAM is available from 
nearly 
50 automobile 
radio 
makers and a dozen home 
receiver builders 
(for as little as $60 in a basic tuner). 


Based 
on the 
field-proven 
C-Quam 
performance, 


Motorola 
has developed 
a low-cost, 
high performance 
C-Quam 
AM Stereo 
Decoder 
chip, 
with 
fUlly compati- 
ble, no-compromise 
mono 
performance, 
as the basis 
for both broadcast 
and receiving 
equipment. 
Additional 
IC components 
from Motorola's 
inventory 
offer a single 
supply 
source 
for 
state-of-the-art 
radio 
receiver 
designs. 
New 
products 
cover 
virtually 
every 
type 
of 
receiver 
- 
home, 
auto, and personal 
portable. 


Function 
Features 
Suffix/Case 
Device 


TV Modulator (Hi Quality) 
RFOscillator/Modulator, and FM Sound Oscillator/Modulator 
P/646 
MC1374 


Video RGBto PAUNTSCEncoder 
RGBand Sync Inputs, Composite Video Out - 
PAUNTSC 
P1738 
MC1377 
Switch Selectable 


Video 
Synchronizer 
Complete 
Color TV Video 
Overlay 
Synchronizer 
PI711 
MC1378 


Color 
Processor 
PAUNTSCInput, RGBOutput, also RGBInputs, Plus Fast 
PI711 
TOA3301 
Blanking Input. Ideal for Text, Graphics, Overlays 
TDA3303 


Color 
Processor 
PAUNTSCInput, RGBOutputs, On-Chip Hue Control 
P1724 
TDA3330 


Color 
Processor 
PAUNTSCInput, Color Difference Outputs On-Chip Hue Control 
P1707 
TDA3333 


II 


Function 
Features 
Suffix/Case 
Device 


Remote 
Control 
Amplifier 
Infrared 
Diode 
Signal 
Amplifier 
Shaper 
P/626 
MC3373 


PLL-Tuning 
Circuit 
TV Tuning 
System 
- 
Prescaler 
- 
M-Bus 
Control 
DW/751C 
MC44802 


Sound 
IF Detector. 
dc Volume 
30 p.V, 3.0 dB Limiting, 
Excellent 
AMR 
-646 
TBA120C 
Control, 
Preamplifier 


Sound 
IF. Low Pass Filter. 
Complete 
TV Sound 
System; 
100 /iV, 3 dB Limiting 
Sensitivity; 
P 648C 
TDA3190 
Detector, 
dc Volume 
Control, 
4 Watts 
Output; 
VCC = 24 V; RL ~ 
16!l 
Preamplifier 
750 mW Output 
P 648C 
TDA1190 


Stereo 
Sound 
Control 
System 
Stereo 
Balance, 
Volume, 
Bass, Treble 
Control 
P 707 
TCA5550 


IClmaxl 
VCEO 
VCBO 
VEBO 
Function 
mA 
Volts 
Max 
Volts 
Max 
Volts 
Max 
Suffix/Case 
Device 


One Differentially 
Connected 
Pair and Three 
50 
15 
20 
5.0 
P/646 
MC3346 
Isolated 
Transistors 
Dn51A 


Dual 
Independent 
Differential 
Amplifiers 
with 
50 
15 
20 
5.0 
P 646 
CA3054 
Associated 
Constant 
Current 
Transistors 


FunC'tion 
Features 
Suffix/Case 
Device 


MONOMAX 
- 
l-Chip 
Video 
IF, Detector, 
AGC, 
Video 
Amplifier, 
Horizontal 
Processor, 
PnlO 
MC13001X 
Black and White 
TV 
Vertical 
Processor, 
and Sync For 525 Line Systems 
Subsystem 
Same 
as Above 
Except 
For 625 Line Systems 
PI710 
MC13002X 


Sound 
IF, Low Pass Filter, 
Complete 
TV Sound 
System; 
100 /iV, 
3 dB Limiting 
Sensitivity; 
P/648C 
TDA3190 


Detector, 
dc Volume 
Control, 
4 Watts 
Output; 
VCC = 24 V; RL = 
16!l 


Preamplifier, 
Power 
Amplifier 
Same 
as TDA 1190Z Except 
for 750 mW Output 
P 648C 
TDA1190 


MONOMAX 
Audio 
Vertical 
Output 
High 
Level 750 mW 
Audio 
Output 
- 
Vertical 
Yoke 
Driver 
P/648C 
MC13014 


Function 
Features 
Suffix/Case 
Device 


1st and 2nd Video 
IF Amplifier 
IF Gain 
((I 
45 MHz 
= 50 dB typ, 
AGC Range 
~ 60 dB min 
P 626 
MC1350 


3rd IF, Video 
Detector, 
Video 
Low Level 
Detection, 
Low Harmonic 
Generation, 
Zero 
Signal 
P626 
MC1330A1P 


Buffer, 
and AFC Buffer 
de Output 
Voltage 
of 7.0 to 8.2 V 


Same 
as MC1330A 1 Except 
Zero 
Signal 
de Output 
Voltage 
of 
P/626 
MC1330A2P 
7.8 to 9.0 V 


SAW 
Preamp, 
IF Amplifier, 
Complete 
Video 
IF or Parallel 
Sound 
IF System 
Complete 
AFT 
pn07 
MC13010P 


Detector, 
AGC, AFC 
System 
with 
Simple 
Quadrature 
Detector 


Advanced 
Video 
IF 
Complete 
Video/Audio 
IF System 
for High 
Performance 
DWn51F 
MC44301 
Analog 
TV Receivers 


MC3373 Amplifier/Detector 
(Bipolar), Case 
626 
MC14497 Transmitter (CMOS), Case 
707 


The 
MC3373 
remote 
control 
receiver 
is specifically 


designed for infra-red link systems where high sensitivity and 
good noise immunity 
are critical. The MC3373 
incorporates 
a high gain detector diode preamp driving an envelope detec- 
tor and data wave shaper for accurate 
data recovery. 
Pro- 
vision is also made to use an external L-C tank circuit at the 
carrier frequency, 
normally 30 to 60 kHz, for extended 
range 


low noise systems. 
Applications 
include TV remote control, 


short 
range 
data links (up to several 
hundred 
feet), 
door 
openers 
and security 
systems. 
The MC14497 
is an ideal 
companion 
transmitter, 
where a simple D.T.M.F. like key-pad 
control is desired. 
The Motorola 
discrete 
opto division 
also 
has several 
high sensitivity 
detectors 
and emitters 
which 
match up well to the MC1373 system. 
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• 9.0 
Vdc 
. 12 
1N914 


Vdc 


1500 
•.•.F 
1N 
4001 


To 
,5.0 
Vdc 


Keyboard 


~ 
~ 


18 
17 
~ 


180 
18 k 
2 
'" 


k 
16 
MC14497 
MC3373 
14 


11 
131 


MlED71 
lITRONIX 
II 


Infrared 
SFH206 


EminlnQ 
ReceIver 


Diodes 
Diode 


1N 914 


TRANSMITTER 
RECEIVER 


Device 
MC13020P 
MC13021 
MC13022 
MC13023 
MC13024 
MC13041 
MC13055 
MC13060 
MC34119 
TCA4500A 
TCA5550 
TDA1524A 


Device 
CA3054 
MC1330A1P 
MC1330A2P 
MC1350 
MC1374 
MC1377 
MC1378 
MC1391P 
MC1733,C 
MC3346 
MC3373 
MC10320 
MC10320·1 
MC13001XP 
MC13002XP 
MC13010P 
MC13014P 
MC44301 
MC44802 
NE592 
SE592 
TBA120C 
TCA5550 
TDA1190P 
TDA3190P 
TDA3301 
TDA3303 
TDA3330 
TDA3333 


Function 
Page 
C-QUAM® AM Stereo 
Decoder 
9-84 
Motorola 
C-QUAM® AM Stereo Tuning 
Stabilizer 
9-89 
Advanced 
Medium 
Voltage 
AM Stereo 
Decoder 
9-91 


C-QUAM® AM 
Receiver 
Front End and Tuner 
Stabilizer 
9-95 
Low Voltage 
Motorola 
C-QUAM® 
AM Stereo 
Receiver 
9-101 


AM 
Receiver 
Subsystem 
9-104 
Wideband 
FSK Receiver 
See Chapter 
8 
Mini-Watt 
Audio 
Output 
9-110 
Low Power Audio 
Amplifier 
9-114 
FM Stereo 
Demodulator 
9-142 
Stereo 
Sound 
Control 
System 
9-149 
Stereo Tone Control 
System 
9-156 


Function 
Page 
Dual Differential 
Amplifier 
9-7 
Low Level Video 
Detector 
9-9 
Low Level Video 
Detector 
, 
9-9 
IF Amplifier 
9-15 
1V Modulator 
Circuit 
9-19 
Color Television 
RGB to PAUNTSC 
Encoder 
9-27 
Complete 
Color 1V Video 
Overlay 
Synchronizer 
9-31 
1V Horizontal 
Processor 
9-35 
Differential 
Audio 
Amplifier. 
" 
See Chapter 
2 
General 
Purpose 
Transistor 
Array 
9-40 
Remote 
Control 
Wideband 
Amplifier-Detector 
9-43 
Triple 
4-Bit Color 
Palette Video 
DAC 
9-47 


Triple 
4-Bit Color 
Palette Video 
DAC 
9-47 
Monomax 
Black and White 
1V Subsystem 
9-64 
Monomax 
Black and White 
1V Subsystem 
9-64 
1V Parallel 
Sound 
IF and AFT 
9-73 
Companion 
AudioNertical 
Subsystem 
9-78 
System 
4 High Performance 
Color 1V IF 
9-123 
PLL Tuning 
Circuit 
with 
1.3 GHz Prescaler 
9-129 
Video 
Amplifier 
See Chapter 
2 
Video 
Amplifier 
See Chapter 
2 
FM IF Amplifier, 
Limiter 
and Detector 
9-137 
Stereo 
Sound 
Control 
System 
9-149 
1V Sound 
System 
9-153 
1V Sound 
System 
9-153 
1V Color 
Processor 
9-161 
1V Color 
Processor 
9-161 
1V Color 
Processor 
9-175 
1V Color 
Difference 
Demodulator 
9-183 


Device 
MC3373 


Application 
Note 
AN545A 
AN829 
AN932 
AN879 
ANHK07 


Function 
Page 
Remote 
Control 
Wideband 
Amplifier-Detector 
9-43 


Title 
Television 
Video 
IF Amplifier 
Using 
Integrated 
Circuits 
. 


Application 
of the MC1374 1V Modulator 
. 


Application 
of the MC1377 Color 
Encoder 
. 


Monomax-Application 
of the MC13001 
Monochrome 
1V IC 
. 


A High Performance, 
Manual-Tuned 
AM Stereo 
Receiver 
for 
Automotive 
Application 
Using 
Motorola 
ICs: MC13020, 


MC13021 
and MC13041 
. 


Related 
Device 
MC1350 
MC1374 
MC1377 
MC13001 


MC13020,21 
MC13041 


® MOTOROLA 


The CA3054 consists of two independent differential 
amplifiers 


with 
associated 
constant-current 
transistors 
on a common 
monolithic 
substrate. 
The six NPN transistors 
which 
comprise 
the ampl ifiers are 
general purpose devicesuseful from de to 120 MHz. 
The 
monolithic 
construction 
of 
the 
CA3054 
provides close 
electrical 
and thermal 
matching 
of 
the amplifiers 
which 
makes 


this 
device 
particularly 
useful 
in 
dual 
channel 
applications 
where 
matched performance of the two channels is required. 


GENERAL 
PURPOSE 
TRANSISTOR 
ARRAY 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEO 
15 
Vdc 


Collector-Base 
Voltage 
VCBO 
20 
Vdc 


Emitter-Base 
Voltage 
VEB 
5.0 
Vdc 


Collector-Substrate 
Voltage 
VCIO 
20 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
50 
mAde 


Junction 
Temperature 
TJ 
150 
°c 


Operating 
Temperature 
Range 
TA 
-40 
to +85 
Uc 


Storage 
Temperature 
Range 
Tstg 
-6510+150 
°c 
..- 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
646-06 


Input 
Offset 
Voltage 
VIO 
- 
- 
5.0 
mV 
(VCS = 3.0 Vdcl 


Input 
Offset 
Current 
110 
2.0 
~A 
(VCS = 3.0 Vdcl 


Input 
BIas Current 
liS 
24 
~A 
(VCS = 3.0 Vdcl 


Base-Emitter 
Voltage 
VSE 
Vdc 


(VCS = 3.0 Vdc. IC = 50 ~AI 
- 
- 
0.70 
(VCS = 3.0 Vdc. IC = 1.0 mAl 
- 
- 
0.80 
(VCS = 3.0 Vdc. IC = 3.0 mAl 
- 
- 
0.85 
(VCS = 3.0 Vdc. IC = 10 mAl 
- 
- 
0.90 


Collector 
Cutoff 
Current 
ICSO 
- 
- 
100 
nA 


(VCS = 10 Vdc. IE = 01 


Collector-Emitter 
Breakdown 
Voltage 
V(SRICEO 
15 
- 
- 
Vdc 
IIc = 1.0 mAl 


Collector-Base 
Breakdown 
Voltage 
V(BR)CBO 
20 
Vdc 
IIc 
= 10pAI 


Collector-Substrate 
Breakdown 
Voltage 
V(BRICIO 
20 
- 
- 
Vdc 
IIc 
= 10pAI 


Emttter-Base 
Breakdown 
Voltage 
V(BRIEBO 
5.0 
- 
- 
Vdc 


(IE = 10 pAl 


MC1330A1P 
MC1330A2P 
Device 


MC1330A1P 
MC1330A2P 


Package 


Plastic DIP 
Plastic DIP 


Temperatura 
Range 


O·C 10 +70·C 
O·C to + 70·C 


an integrated circuit 
featuring very linear video character- 


istics and wide bandwidth. 
Designed for color and monochrome 
television receivers,replacing the third IF, detector, video buffer and 
AFC buffer. 


• 
Conversion Gain - 33 dB (Typ) 


• 
Excellent Differential Phaseand Gain 


• 
High Rejection of IF Carrier Feedthrough 


• 
High Video Output - 8.0 VIp-pI 


• 
Fully Balanced Detector 


• 
Output Temperature Compensated 


• 
Improved Versions of the MC1330P 


LOW LEVEL VIDEO 
DETECTOR 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 
The MC1330A video detector is a fully balanced multiplier detec- 
tor circuit that has linear amplitude and phasecharacteristics. The 
signal is divided into two channels, one a linear amplifier and the 
other a limiting amplifier that provides the switching carrier for the 
detector. 


The switching carrier has a buffered output for use in providing 


the AFT function. 
The video amplifier output 
is an improved design that reduces 


the differential 
gain and phase distortion 
associated with previous 
video output 
systems. The output is wide band, > 8.0 MHz, with 
normal negative polarity. 
A separate narrow bandwidth, positive 
video output is also provided. 


OUTPUT VOL TAGE SELECTION 


The MC1330A1P 
is identical to the MC1330A2P 
with the following exception: 


ZERO SIGNAL DC 
OUTPUT VOLTAGE 


7.0 to 8.2 Vdc 
7.8 to 9.0 Vdc 


I\JI 1'1':1':1nA1D 
AJll'n1:.J.1n I' ")D 
Value 
Unit 


Power Supply Voltage 
24 
Vdc 


DC Video Output 
Current 
5.0 
mAde 


DC AFT 
Output 
Current 
2.0 
mAde 


Junction Temperature 
+150 
°c 


Operating Ambient 
Temperature 
Range 
o to 
+70 
°c 


Storage Temperature 
Range 
-65 
to +150 
°c 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Zero Signal de Output 
Voltage 
MC1330A1P 
4 
7.0 
- 
8.2 
Vdc 
MC1330A2P 
4 
7.8 
- 
9.0 
Vdc 


Supply Current 
5,6 
11 
17.5 
20 
mA 


Maximum 
Signal de Output 
Voltage 
4 
- 
0 
0.5 
Vdc 


Conversion Gain for 1.0 Vp-p Output 
(30% Modulation) 
7 
25 
36 
65 
mVrms 


AFT 
Buffer Output 
at Carrier Frequency 
1 
300 
475 
650 
mVp·p 


COILO~40 


Vec 
12 Vdc 


W 
1#1 


911 
I) VCC ·10 
Vdc 


"/ r-.... Vec:: 20 Vdc 


bll 
,/ 
"NI 1 


Vec'" 
12 VOt 
1'1 I 


-.g 
0.6 


E,g 


~. 
0.4.. 


1\ 
\ 
\ 
1\ 


'\ 
.•..•... 


•... 


10V[~J 


10V 
- 
--- 


550 


~ 
500 


~ 
450 
z 
~ 
400 
ui 
~ 
350 
<t; 300 
0; 
~ 
250 
!; 
~ 
200 
" 
0150 
o 
9100 
> 


ChlrKterirtic 
Pin 
Typ 
Unit 


Input Aesistance 
7 
4.9 
kn 


Input Capacitance 
7 
1.5 
pF 


Internal Aesistance (Across Tuned Circuit) 
2.3 
4.4 
kn 


Internal Capacitance (Across Tuned Circuitl 
2.3 
1.0 
pF 


Negative Video Output 
Bandwidth 
(Figure 10) 
4 
10.B 
MHz 


Positive Video Output 
Bandwidth 
(Figure 101 
5 
2.2 
MHz 


Differential 
Phase@ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp·p Detected Video Pin 5 Tied to Pin 6 
4 
7.0 
Degrees 
Differential 
Gain@ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp·p Detected Video Pin 5 Tied to Pin 6 
4 
4.0 
% 


Differential 
Phase@3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp·p Detected Video, A Pin 5 = 4.3 kn 
4 
B.O 
Degrees 
Differential 
Gain @ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp-p Detected Video, A Pin 5 = 4.3 kn 
4 
6.0 
% 


920 kHz Beat Output 
(dB Below 100% Modulated 
Video. See Figure 11) 
4 
-3B 
dB 
45.75 MHz = Reference 
42.17 MHz: 
- 6 dB 
41.25 MHz: 
-20 dB 


Video Output 
Resistance @ 1 MHz,2 
mA 
4 
94 
n 


Input Overload (Carrier Level at Input to 
VCC - 12 Vdc 
7 
2.0 
Volts 


Caused Detector Output, 
Pin 4, 
VCC - 15 Vdc 
2.6 
To Go Positive 0.1 Vdc From 
VCC = 20 Vdc 
3.6 
Ground.) 
VCC = 24 Vdc 
4.6 


Power Supply Voltage Range 
5 
10to 
24 
Volts 


ADJUST 
FOR 
o TO 3 V PEAK 


AT OUTPUT 
OF 


VIDEO 
DEMODULATOR 


1 


50 
100mV 
INTO 
LOAD 


':'" 
BOONTON 
910 


SIX STEP 
MODULATED 
STAIRCASE 
GENERATOR 
TEKTRONIX 


144 NTSC 


II 


TYPICAL 
CHARACTERISTICS 


(VCC = +20 Vdc, 
T A = +2SoC 
Unless 
Otherwise 
Noted) 


7.9 


7.8 
~ 
z 
7.7 


0: 
~ 
7.6; 7.5 


0> 
7.4 
•.. 
=> 
7.3 
~ 
•.. 
=> 
0 
1.2 


7.1 


"\ 
f 


~ 


POilTl~E 


OFFSET 


\. ~ 


.•.•. , 
""'- 
ACTUAL 
TRANSFER 
FUNCTION 


IDEAL" .......""- 


-LINEAR 
,....•• 


_ 
TRANSFER 


FUNCTION 


""'" 
-.... 


I 
'-.. 


~ 
20 
~ 


18 
~c 


16 
~ 


14 
~ 
3" 


12 ~ 


10 


8.0 


6.0 
24 


w· 
'" 
~ 
4.0 


o 


~ 
3.0 


~ 
2.0 


1.0 


-- 


1/ 
/ 


10 


9.0 


8.0 


~ 7.0 
~ 
z 


6.0 
0: 
~ 5.0 
; 
4.0 
0>•.. 
3.0 


~ 


2.0 


1.0 


OUTPUT 
VOLTAGE 


CARRIER 
INPUT", 
50 mV(rmsl 


I 


SUPPLY 
CURRENT 


CARRIER 
INPUT 
= 0 


~ 
500 
>.s 
300 


z 
200 


0: 
~-g 100 


'" 
50 


"' 
~ 
30 
•.• 
20 


« 


+6.0 


+4.0 


~ 
+2.0 
zo~ 
~ -2.0 


~ -4.0 
« 
~ -6.0 
~ 
~ -8.0 


a: -10 


~ 
0 
zo 


~-lD 
z 
~ -20 
« 
~-30 


~-40 


~-50 
~ 
:3~-60 


REFERENCE 
= 3.58 
MHz 
OUTPUT 


I 
I 
I 
:~:~~ 
:~::~:~i: 
~~.~~t~~s 
41.25 
MHz 
INPUT 
- 
RELATI~E 
to 45.75 
MHz 
INPUT 


4.5 
MHz 


TV-IF 
Amplifier 
Information 


A very compact high performance IF amplifier 
con- 
structed as shown in Figure 14 minimizes the number of 
overall components and alignment adjustments. It can be 
readily combined with 
normal tuners and input tuning· 
trapping circuitry 
to provide the performance demanded 
of high quality 
receivers. This configuration will provide 
approximately 93 dB voltage gain and can accomodate the 
usual low impedance input 
network 
or, if desired, can 
take advantage of an impedance step-up from tuner to 
MC1349P input. 
The burden of selectivity, formerly found between the 
third 
IF and detector, must now be placed at the inter· 
stage. 
The nominal 3 volt peak·to-peak output 
can be 
varied from 0 to 7.0 V with excellent linearity and free· 
dam from spurious output products. 
Alignment is most easily accomplished with an AM gen· 
erator. set at a carrier frequency of 45.75 MHz, modulated 
with 
a video frequency sweep. This provides the proper 
realistic 
conditions 
necessary to 
operate to 
low-level 
detector 
(LLO). 
The detector tank is first adjusted for 
maximum detected dc (with a CW input), next, the video 
sweep modulation 
is applied and the interstage and input 
circuits aligned, step by step, as in a standard IF amplifier. 
Note: 
A normal IF sweepgenerator, essentially an FM 
generator, will 
not serve properly without 
modification. 
The LLO tank attempts to "follow" 
the sweep input fre· 
quency, 
and 
results .in variations 
of 
switching 
ampli· 
tude in the detector. Hence, the apparent overall response 
becomes modified 
by the 
response of the LLO tank, 
which a real signal doesn't do. 
This effect can be prevented by resistively adding a 
45.75 MHz CW signal to the output of the sweepgenera· 
tor approximately 3 dB greater than the sweepamplitude. 
See Figures 12 and 13 below. For a more detailed descrip· 
tion of the MC1330AP seeapplication note AN·545. 


The MC1330A offers the designer a new approach to 
an old problem. Now linear detection can be performed at 


much lower power signal levelsthan possible with a detec· 
tor diode. 
Offering 
a number of 
distinct 
advantages, its easy 
implementation 
should meet with 
ready acceptance for 
television designs.Some specific features and information 
on systemsdesignwith this device are given below: 
1. The device provides excellent 
linearity 
of output 
versus input, as shown in Figures 6 and 7. 
These graphs 
also show that video peak·to·peak amplitude (ac) does not 
change with supply voltage variation. 
(Slopesare parallel. 


Visualize a given variation of input CW and usethe figure 
as a transfer function.) 
2. The dc output leveldoes changelinearly with supply 
voltage shown in Figure 8. 
This can be accommodated 
by regulating the supply or by referencing the subsequent 
video amplifier to the samepower supply. 
3. The choice of G for the tuned circuit of pins 2 and 3 
is not critical. The higher the G, the better the rejection 
of 920 kHz products but the more critical 
the tuning 
accuracy required. 
See Figure 11. 
Values of G from 20 
to 50 are recommended. 
(Note the internal resistance.) 
4. A video output 
with 
positive·going sync is avail· 
able at pin 5 if required. This signal has a higher output 
impedance than pin 4 so it must be handled with greater 
care. If not used, pin 5 may be connected directly to the 
supply voltage (pin 6).The video responsewill be altered 
somewhat. SeeFigure 10. 
5. An 
AFT 
output 
(pin1) 
provides 460 mV of 
IF 
carrier output, 
sufficient 
voltage to drive an AFT ratio 
detector, with only one additional stage. 
6. AGC 
lockout 
can occur 
if 
the input 
signal pre- 
sented in the MC1330A is greater than that shown in the 
input overload section of the design characteristics shown 
on Page3. If thesevaluesare exceeded, the turns ratio be· 
tween the primary 
and secondary of T 1 should be in· 
creased.Another solution to the problem is to use an in· 
put clamp diode 01 shown in Figure 14. 
7. The total 
I.F. noise figure at high gain reductions 
can be improved by reflecting'" 
1 k source impedance to 
the input of the MC1330AP. 
This will causesome loss in 
overall IF voltage gain. 
II 


HOVde 


AUXILIARY 
VID:~V[ 
-;;: --J 


OUTPUT 
..,..,J 
~ 


10V 
---- 


PRIMARY 
VIDEO 


AND SOUND 
OUTPUT 


~;k77r~J 


~ 


~. 
J 


lID 
• 


2 
'.F 
__ 
3 l 
1 


TURNS~ 
TURNS 
K 
0 


JriGl 
I 
I:1L.l 


lURNS 
16 


All windIngs 22 AWG tInned nylon 
L I wound with 26 AWG unned nylon 
acetale wife tuned with Coileralt =61 
acellte 
wife tuned by distorting winding 
slugs, Sile 10-32. 
or equivalent 


·See Nott 
1 (page3l, 
and C4, Parts list: (page 41 lor thisspecilication 
on the MC1349P 
Data Sheel. 


uSee 
Input 
Overload 
Section 
01 the Design 
Characteristics 
Pag! 3. and General 
Information, 
Page 5, Note 6. 


,. 
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· .. an integrated 
circuit 
featuring 
wide range AGC for use as an 
IF amplifier 
in radio 
and TV over the temperature 
range 0 to 
+ 75°C. The MC1352 is similar 
in design 
but has a keyed-AGC 
amplifier 
as an integral 
part of the same chip. 


• 
Power Gain - 
50 dB Typ at 45 MHz 
- 
48 dB Typ at 58 MHz 


• 
AGC Range - 
60 dB Min. dc to 45 MHz 


• 
Nearly Constant 
Input and Output Admittance 
Over the Entire 
AGC Range 


• 
Y21 Constant 
(- 3.0 dB) to 90 MHz 


• 
Low Reverse Transfer Admittance -« 
1.0 J.lmho Typ 


• 
12-Volt Operation. 
Single-Polarity 
Power Supply 


Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
V+ 
+18 
Vdc 


Output Supply Voltage 
V1. V8 
+18 
Vdc 


AGC Supply Voltage 
VAGC 
V+ 
Vdc 


Differential Input Voltage 
Vin 
5.0 
Vdr. 


Power Dissipation (PackageLimitation) 
Po 
Plastic Package 
625 
mW 
Derate above 25'C 
5.0 
mWrC 


Operating 
Temperature 
Range 
TA 
o to + 75 
'c 


IF AMPLIFIER 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTICPACKAGE 
CASE626-05 
a.- 
1 ' 


o SUFFIX 
PLASTICPACKAGE 


CASE751-02 


SO-8 


567 


5.0 
0.002 0.002 
k 
J.lF 
J.lF 


T1 


'ni85~'i J 
q;?--- 
-- ~l~ 


Turns 
Turns 
4 


All windings #30 AWG tinned nylon 
acetate 
wire 
tuned 
with 
Carbonyl 
E or J slugs. 


+ 18 Vdc 


3.3 k 
Auxiliary Vide~8 V[ 
- ;;: --J 


Output 
.,..J 
~ 
10V 
_ 


Primary 
Video 
and Sound 
Output 


MC1330 
3:: JVJ 


3"pq 
I 
r:lL~ 
Turns 
16 


L1 wound 
with 
1/ 26 AWG tinned 
nylon 


acetate wIre tuned 
by distortIng 
winding. 


II 


•• 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


AGC Range. 
45 MHz (5.0 V to 7.0 V) (Figure 
I) 
60 
68 
- 
dB 


Power 
Gain 
(Pin 5 grounded 
via a 5.1 kfi 
resistor) 
Ap 
dB 


f = 58 MHz. BW 
~ 4.5 MHz 
See Figure 
61a) 
- 
48 
- 
f ~ 45 MHz. BW 
~ 4.5 MHz 
See Figure 
61aUbl 
46 
50 
- 
f ~ 
10.7 MHz. BW = 350 kHz 
See Figure 
7 
- 
58 
- 
f = 455 kHz. BW ~ 
20 kHz 
- 
62 
- 


Maximum 
Differential 
Voltage 
Swing 
Va 
Vp_p 
o dB AGC 
- 
20 
- 


-30 
dB AGC 
- 
8.0 
- 


Output 
Stage 
Current 
(pins 
1 and 8) 
11 + 18 
- 
5.6 
- 
mA 


Total 
Supply 
Current 
(Pins 
1. 2 and 8) 
is 
- 
14 
17 
mAde 


Power 
Dissipation 
PD 
- 
168 
204 
mW 


Frequency 


Parameter 
Symbol 
455 kHz 
10.7 MHz 
45 MHz 
58 MHz 
Unit 


Single-Ended 
Input 
Admittance 
9,1 
0.31 
0.36 
0.39 
0.5 
mmhos 


bl1 
0.022 
0.50 
2.30 
2.75 


input 
Admittance 
Variations 
with 
AGC 
1\9,1 
- 
- 
60 
- 
I'm has 
(0 to 60 dB) 
I\bl1 
- 
- 
0 
- 


Differential 
Output 
Admittance 
922 
4.0 
4.4 
30 
60 
p.mhos 


b22 
3.0 
110 
390 
510 


Output 
Admittance 
Variations 
with 
AGC 
1\922 
- 
- 
4.0 
- 
J,Lmhos 
(0 to 60 dB) 
I\b22 
- 
- 
90 
- 


Reverse 
Transfer 
Admittance 
(Magnitude) 
IY121 
«1.0 
«1.0 
«1.0 
«1.0 
I'mho 


Forward 
Transfer 
Admittance 
Magnitude 
1Y211 
160 
160 
200 
180 
mmhos 
Angle 
(0 dB AGC) 
< Y21 
-5.0 
-20 
-80 
-105 
degrees 
Angle 
(- 
30 dB AGC) 
< Y21 
-3.0 
-18 
-69 
-90 
degrees 


Single-Ended 
Input 
Capacitance 
Cin 
7.2 
7.2 
7.4 
7.6 
pF 


Differential 
Output 
Capacitance 
Co 
1.2 
1.2 
1.3 
1.6 
pF 


I 
/ ./ 


I 
/./ 


58MHz~ 
~ 
45 MHz 
~ 
.// 
h 
/ 


22 
20 


~ 
18 


~ 
16 
::> 
'" 
14 
u: 


V> 
12 
isz 
10 


80 
6.0 


o 


a; 
:s! 
20 
z0t; 
40 
::> 
~ 
z« 
60 
'" 


80 


4.0 
5.0 
6.0 
7.0 
VAGC 
IV) 


The input amplifiers 
(Ql and Q2) operate at constant 
emitter 
currents 
so that input 
impedance 
remains 
in- 
dependent of AGC action. Input signals may be applied 
single-ended 
or differentially 
(for ac) with identical 
re- 
sults. Terminals 
4 and 6 may be driven from 
a trans- 
former, but a dc path from either terminal 
to ground 
is 
not permitted. 


2.0 v ..•. 


1+1 


8v:.~r;;:: 
~t 


5.1 k 


VAGC' 


*Connect 
to ground 
for 
maximum 
power 
gain 
test. 


All 
power-supply 
chokes 
(Lpl. 
are self-resonant 
at 
input 
frequency. 
Lp 
%!' 20 kn 


See 
Figure 
5 for 
frequency 
response 
curve. 


11 (Q 
45 MHz 
= 7 1/4 Turns 
on a 114" coil 
form. 


(fL 58 MHz = 6 Turns on a , 4~ coil form 


T1 Primary 
Winding 
= 
18 Turns 
on a 1/4~ coil 
form, 
center-tapped. 
#26 
AWG 
Secondary 
Winding 
= 2 Turns centered over Primary Winding 
(II 45 MHz 


= 1 Turn 
((I 
58 MHz 


Slug = Carbonyl E or J 


45 MHz 
58 MHz 


Ll 
0.4"H 
I 
Q '" 100 
0.3"H 
I 
Q '" 100 
Tl 
1.3-3.4"H 
IQ'" 
100 @ 2.0 "H 
1.2-3.8 "H 
IQ'" 
100 @ 2.0 "H 


Cl 
50-160 pF 
8-60 pF 


C2 
8-60 pF 
3-35 pF 


AGC action occurs as a result of an increasing voltage 
on the base of Q4 and Q5 causing these transistors 
to 
conduct 
more heavily thereby 
shunting 
signal current 
from the interstage 
amplifiers 
Q3 and Q6. The output 
amplifiers 
are supplied from an active current source to 
maintain 
constant 
quiescent 
bias thereby 
holding 
out- 
put admittance nearly constant. Collector voltage forthe 
output 
amplifier 
must 
be supplied 
through 
a center- 
tapped tuning 
coil to Pins 1 and 8. The 12-volt supply 
(V+) at Pin 2 may be used for this purpose, but output 
admittance 
remains more nearly constant if a separate 
15-volt supply (V+ +) is used, because the base voltage 
on the output amplifier 
varies with AGC bias. 


Ferrite 
Core 
L1 
14 Turns 28 S.W.G 


Cl 
5-25 pF 
C2 
5-25 pF 
C3 
5-25 pF 


II 


II 


Input 
RS~50nL1 


Output 


RL = 50 n 


VAGC" 


"Grounded for 
maximum 
power gain. 


rrequency 


Component 
455 kHz 
10.7 MHz 


C1 
- 
80-450 
pF 


C2 
- 
5.0-80 
pF 
C3 
0.05p.F 
0.001 p.F 
C4 
0.05p.F 
0.05p.F 


C5 
0.001 p.F 
36 pF 
C6 
0.05p.F 
0.05p.F 


C7 
0.05p.F 
0.05p.F 


L1 
- 
4.6p.H 


T1 
Note 1 
Note 2 


Note 1. Primary: 
120,....H (center·tappedl 


au 
= 140 at 455 kHz 
Primary: Secondary turns ratio •• 13 


Note 2. Primary: 
6.0 IJ.H 


Primary 
winding 
::: 24 turns 
#36 
AWG 


(close-wound 
on 
1'4'" 
dia. 
form) 


Core = Carbonyl 
E or J 


Secondary winding 
= '·1/2 turns #36 AWG. 1/4'"dia. 


(wound 
over 
center·tap) 


TYPICAL CHARACTERISTICS 
(V+ 
= 12 V, TA = + 25°C) 


IJ 
V 


b"l/ 
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RGURE 
10 - 
DIFFERENTIAL 
OUTPUT 
ADMITTANCE 


1.0 


ISingle-ended 
outP~t 
1/1 


admittance exhibits 
I 


twice these values.) 
I 


b12 


V 


/" 


---- 
1/ 


I--- 


~ 


./ 


-0 
E 0.6 
E 
It 
~ 
0.4 


For additional 
information 
see "A High-Performance 
Monolithic 
IF Amplifier 
Incorporating 
Electronic 
Gain 


II 
I 
LY111 
30dBg 
ainl 


I II 
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L Y2' Ima, 
gainl 
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Control," 
by W. R. Davis and J. E. Solomon, 
IEEE Jour- 


nal on Solid State Circuits, December 
1968. 


~ 
MOTOROLA 


The MC1374 
includes 
an FM audio modulator, 
sound carrier 
oscillator, RF oscillator, and RFdual input modulator, It is designed 
to generate a TV signal from audio and video inputs. The MC1374's 
wide dynamic range and low distortion 
audio make it particularly 
well suited for applications such as video tape recorders, video disc 
players, T.V. games and subscription decoders. 


• 
Single Supply, 5 V to 12 V 


• 
Channel 3 or 4 Operation 


• 
Variable Gain RF Modulator 


• 
Wide Dynamic Range 


• 
Low Intermodulation 
Distortion 


• 
Positive or Negative Sync 


• 
Low Audio Distortion 


• 
Few External Components 


..- 
P SUFFIX 
PLASTICPACKAGE 
CASE646-06 


Dl 
MPN3404 
7 
R7 
75n 
0.22~H 
0.22~H 
C15 
L3 
L4 
0.001 


Cl1 


t-----<> 
Output 


10 
22 T 
+ 


-=- 
-=- 
R9 
11 
-=- 
560 


C16 
D2 
Rll 
12 
47 
+ 
lN914 
220 
R8 
Cl~ 
-=- 
13 
2.2 k 
R12 
10,,1 
o Video In 


14 
180k 


+ ( 
o Audio In 
R13 
C6 
30 k 
1"F 


-=- 
• 


Rating 
Value 
Unit 


Supply Voltage 
14 
Vdc 


Operating Ambient 
Temperature 
Range 
o to +70 
°C 


Storage Temperature 
Range 
-65 to +150 
°C 


Junction Temperature 
150 
°C 


Power Dissipation. Package 
1.25 
Watts 


Derate above 25°C 
10mW/oC 


AM 
OSCillATOR/MODULATOR 


ELECTRICAL 
CHARACTERISTICS 
(VCC = 12 Vdc, TA = 25°C, tc = 67.25 MHz, Figure 4 circuit, 
unless noted) 


Characteristic 
Min 
Typ 
Max 
Unit 


Operating 
Supply Voltage 
5.0 
12 
12 
V 


Supply Current (Figure 1) 
- 
13 
- 
mA 


Video Input Dynamic Range (Sync Amplitude) 
0.25 
1.0 
1.0 
V Pk 


RF Output (Pin 9, R7 = 75 ll, No External Load) 
- 
170 
- 
mVpp 


Carrier Suppression 
36 
40 
- 
dB 


Linearity (75% to 12.5% Carrier. 15 kHz to 3.58 
MHz) 
- 
- 
2,0 
% 


Differential 
Gain Distortion (IRE Test Signal) 
5,0 
7,0 
10 
% 


Differential 
Phase Distortion (3.58 
MHz IRE Test Signal) 
- 
1.5 
2,0 
Degrees 


920 kHz Beat (3.58 MHz @ 30%, 4,5 MHz @ 25%) 
- 
-57 
- 
d8 


Video Bandwidth 
(75 n Input Source) 
30 
- 
- 
MHz 


Oscillator 
Frequency Range 
- 
105 
- 
MHz 


Internal ReSistance across Tank (Pin 6 to Pin 7) 
- 
1.8 
- 
kO 


Internal Capacitance 
across Tank (Pin 6 to Pin 7) 
- 
4.0 
- 
pF 


FM 
OSCillATOR/MODULATOR 


ELECTRICAL 
CHARACTERISTICS 
ITA = 25°C, VCC = 12 Vdc, 4,5 MHz, Test circuit 
of FIgure 11 unless noted) 


Characteristic 
Min 
Typ 
Max 
Unit 


Frequency Range of Modulator 
1.4 
4.5 
14 
MHz 


Frequency Shift versus Temperature 
(Pin 14 open) 
- 
0,2 
03 
kHz/oC 


Frequency Shift versus VCC (Pin 14 open) 
- 
- 
4.0 
kHz/V 
Output Amplitude 
(Pin 3 not loaded) 
- 
900 
- 
mVp-p 
Output Harmonics. 
Unmodulated 
- 
- 
-40 
dB 


Modulation 
Sensitivity 
1.7 MHz 
- 
0,20 
- 
MHz/V 


4.5 MHz 
- 
0.24 
- 
MHz/V 
10.7 MHz 
- 
0.80 
- 
MHz/V 


Audio Distortion (±25 
kHz Deviation .Optimized 
Bias Pin 14) 
- 
0.6 
1.0 
% 


Audio Distortion (±25 
kHz Deviation. Pin 14 self biased) 
- 
1.4 
- 


IncIdental 
AM (±25 kHz FM) 
- 
2.0 
- 


Audio Input Resistance (Pin 14 to ground) 
- 
6,0 
- 
kll 


Audio Input Capacitance 
(pin 14 to ground) 
- 
5,0 
- 
pF 


Stray Tuning Capacitance 
(Pin 3 to ground) 
- 
5.0 
- 
pF 
Effective OSCillator Source Impedance (Pin 3 to load) 
- 
2,0 
- 
kll 


FM Oscillator/Modulator 


Sound Carner 


Audio In 
OSC B+ 


14 
4 


Sound 
AM Modulator 
AM Oscillator 


Camer 
RF 


Oscillator 
VCC 
Out 
RF Tank 


3 
8 
9 
6 


<l 
<l 
<l 


E 
E 
E 
'" 
'" 
.., 


"!:" 
R1 
R2 
R3 
R4 
R5 
=- 
R6 
=- 
R7 
R8 
~ R9 


* 
* 
13 
12 
11 


Gnd 
Sound Carner 
Gam 
Video 
In 
In 


The MC1374 contains an RFoscillator, RF modulator, 


and a phase-shift type FM modulator, arranged to permit 
good printed circuit layout of a complete T.V. modulation 
system. The RF oscillator is similar to the one used in 
MC1372 and MC1373, and is coupled internally in the 
same way. It's frequency is controlled by an external tank 
on Pins 6 and 7, or by a crystal circuit, and will operate to 
approximately 
105 MHz. The video modulator is a bal- 
anced type as used in the well known MC1496. Modu- 
lated sound carrier and composite video information can 
be put in separately on pins 1 and 11 to minimize unwanted 
crosstalk. A single resistor on Pins 12 and 13 is selected 
to set the modulator gain. The RF output at Pin 9 is a 
current source which drives a load connected from Pin 9 
toVCC· 


The FM system was designed specifically for the T.V. 


intercarrier function. For circuit economy, one phase shift 
circuit was built into the chip. Still, it will operate from 1.4 
MHz to 14 MHz, low enough to be used in a cordless 


telephone base station (1.76 MHz), and high enough to be 
used as an FM IF test signal source (10.7 MHz). At 4.5 
MHz, a deviation of ±25 kHz can be achieved with 0.6% 
distortion (typical). 


In the circuit above devices Q1 through Q7 are active in 


the oscillator function. Differential amplifier 03, 04, 05, 
and Q6 acts as a gain stage. sinking current from input 
section 01,02 
and the phase shift network R17, C1.lnput 
amplifier 01,02 
can vary the amount of "in phase" 04 


current to be combined with phase shifter current in load 
resistor R16. The R16 voltage is applied to emitter fol- 
lower 07 which drives an external L-C circuit. Feedback 
from the center of the L-C circuit back to the base of 06 
closes the loop. As audio input is applied which would off- 
set the stable oscillatory phase, the frequency changes to 
counteract. The input to Pin 14 can include a dc feedback 
current for AFC over a limited range. 


The modulated FM signal from Pin 3 is coupled to Pin 1 


of the RF modulator and is then modulated onto the AM 
carrier. 


II 


The AM 
modulator 
transfer 
function 
in Figure 
3 shows 


that 
the 
video 
input 
can 
be of either 
polarity 
(and 
can 
be 


applied 
at either 
input). 
When 
the 
voltages 
on Pin 
1 and 


Pin 
11 are 
equal, 
the 
RF output 
is theoretically 
zero. 
As 


the difference 
between 
VPin 
11 and VPin 
1 increases,the 
RF output 
increases 
linearly 
until 
all of the 
current 
from 


both 
11 current 
sources 
(08 
and 
091 
is flowing 
in 
one 


sideofthe 
modulator. 
This occurs 
when 
±(VPin 
11 - VPin 
1) 


= 11 RG, where 
11 is typically 
1.15 
mA. 
The 
peak-to-peak 


RF output 
is then 
211 RL. Usually 
the value 
of RL is chosen 


to be 750 
to ease the design 
of the output 
filter 
and match 


into 
T.V. distribution 
systems. 
The 
theoretical 
range 
of 


input 
voltage 
and RG is quite 
wide, 
but noise 
and available 


sound 
level 
limit 
the 
useful 
video 
(sync 
tip) 
amplitude 
to 


between 
0.25 
and 
1.0 
Vpk. 
It is recommended 
that 
the 


value 
of RG be chosen 
so that 
only 
about 
half 
of the dyna- 


mic 
range 
will 
be used 
at sync 
tip 
level. 


The 
operating 
window 
of 
Figure 
5 
shows 
a cross-- 


hatched 
area 
where 
Pin 
1 and 
Pin 
11 
voltages 
must 


always 
be in order 
to avoid 
saturation 
in any 
part 
of the 


modulator. 
(The 
letter 
et> represents 
one 
diode 
drop, 
or 


about 
0.75 
V.) The oscillator 
Pins 
6 and 
7 must 
be biased 


to a level 
ofVCC 
- et>- 211 RL (or lower) 
and the input 
Pins 1 


and 
11 must 
always 
be at least2et> 
below 
that. 
It is permis- 


sible 
to 
operate 
down 
to 
1.6 V, saturating 
the 
current 


sources. 
but whenever 
possible, 
the 
minimum 
should 
be 


3et> above 
ground. 


The 
oscillator 
will 
operate 
dependably 
up to about 
105 


MHz 
with 
a broad 
range 
of tank 
circuit 
components 
values. 


It is desirable 
to use a small 
L and a large 
C to minimize 
the 


dependence 
on I.e. internal 
capacitance. 
An operating 
Q 


between 
10 and 20 is recommended. 
The values 
of Rl, 
R2 


and R3 are chosen 
to produce 
the desired 
0 and to set the 


Pin 6 and 
7 d.c. voltage 
as discussed 
above. 
Unbalanced 


operation; 
i.e., Pin 6 or 7 bypassed 
taground, 
is not recom- 


mended. 
Although 
the 
oscillator 
will 
still 
run, 
and 
the 


modulator 
will 
produce 
a use able signal,this 
mode 
causes 


substantial 
base-band 
video 
feedthrough. 
Bandswitching, 


as Figure 
1 shows, 
can still 
be accomplished 
economically 


without 
using 
the 
unbalanced 
method. 


The 
oscillator 
frequency 
with 
respect 
to temperature 
in 


the 
test 
circuit 
shows 
less 
than 
±20 
kHz total 
shift 
from 


O°C to 50°C 
as shown 
in Figure 
7. At higher 
temperatures 


the 
slope 
approaches 
2.0 
kHz/OC. 
Improvement 
in this 


regIOn 
would 
require 
a temperature 
compensating 
tuning 


capacitor 
of the 
N75 
family. 


Crystal 
control 
is feasible 
using 
the 
circuit 
shown 
in 


Figure 
21 
The crystal 
is a 3rd overtone 
series 
type, 
used 


in 
series 
resonance. 
The 
L 1, C2 
resonance 
is adjusted 


well 
below 
the crystal 
frequency 
and is sufficiently 
tolerant 


to permit 
fixed 
values. 
A frequency 
shift 
versus 
temper- 


ature 
of less 
than 
1.0 
Hz/oC 
can 
be expected 
from 
this 


approach. 
The 
resistors 
Ra and 
Rb are to suppress 
para- 


sitic 
resonances. 


Coupling 
of output 
RF to wiring 
and components 
on Pins 


1 and 
11 can cause 
as much 
as 300 
kHz shift 
in carrier 
(at 


67 MHz) 
over 
the 
video 
input 
range. 
A careful 
layout 
can 


keep this 
shift 
below 
10kHz. 
Oscillator 
may also 
be inad- 


vertently 
coupled 
to the 
RF output, 
with 
the 
undesired 


effect 
of preventing 
a good 
null 
when 
Vll 
= Vl. 
Reason- 


able 
care 
will 
yield 
carrier 
rejection 
ratios 
of 36 to 40 dB 


below 
sync 
tip level 
carrier. 


In television, 
one 
of the 
most 
serious 
concerns 
is the 


prevention 
of the 
intermodulation 
of color(3.58 
MHz) and 


sound 
(4.5 MHz) frequencies, 
which 
causes 
a 920 
kHz sig- 


nal to appear 
in the 
spectrum. 
Very 
little 
(3rd 
order) 
non- 


linearity 
is needed 
to cause 
this 
problem. 
The 
results 
in 


Figure 
6 
are 
unsatisfactory, 
and 
demonstrate 
that 
too 


much 
of the 
available 
dynamic 
range 
of the 
MC1374 
has 


been 
used. 
Figures 
8 and 
10 show 
that 
by either 
reducing 


standard 
signal 
level, 
or reducing 
gain, 
acceptable 
results 


may 
be obtained. 


AtVHF 
frequencies, 
small 
imbalances 
within 
the device 


introduce 
substantial 
amounts 
of 2nd 
harmonic 
in the 
RF 


output. 
At 
67 
MHz, 
the 
2nd 
harmonic 
is only 
6 to 8 dB 


below 
the 
maximum 
fundamental. 
For 
this 
reason 
a 


double 
pi 
low 
pass 
filter 
is shown 
in the 
test 
circuit 
of 


Figure 
3 and works 
well 
for channel3 
and 41ab work. 
For 


a fully 
commercial 
application, 
a vestigial 
sideband 
filter 


will 
be required. 
The general 
form 
and approximate 
values 


are 
shown 
in Figure 
19. It must 
be exactly 
aligned 
to the 


particular 
channel. 


FIGURE 4 - 
AM TEST CIRCUIT 
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DIFFERENTIAL 
INPUT (V 11- V 11 IVdel 


The oscillator 
center frequency is approximately the 
resonance of the inductor L2 from Pin 2 to Pin 3 and the 
effective capacitance C3 from Pin 3to ground. For overall 
oscillator stability. it is best to keepXL in the range of 300 0 
to 1.0 kO. 


The modulator transfer 
characteristic 
at 4.5 MHz is 
shown in Figure 15. Transfer curves at other frequencies 
have a very similar shape. but differ in deviation per input 
volt, as shown in Figures 13 and 17. 
Most applications will not require dc connection to the 


audio 
input. 
Pin 14. 
However, 
some 
improvements 
can be 
achieved by the addition of biasing circuitry. The unaided 
device will establish its own Pin 14 bias at 4 8. or about 
3.0 V. This bias is a little too high for optimum modulation 
linearity. Figure 14 shows better than 2-to- 1 improvement 
in distortion between the unaided device and pulling Pin 14 
down to 2.6to 2.7 V. This can be accomplished by a simple 
divider. if the supply voltage is relatively constant. 


The impedance of the divider has a bearing on the fre- 


quency versus temperature stability of the FM system. A 
divider of 180 kO and 30 kO (for VCC = 12 V) will give good 


temperature 
stabilization 
results. 
However, 
as Figure 
18 
shows. a divider is not a good method if the supply voltage 


varies. 
The 
designer 
must 
make 
the decisions 
here. 
based 


on considerations 
of economy, 
distortion 
and temperature 
requirements and power supply capability. If the distortion 


requirements 
are 
not stringent, 
then 
no bias components 


are needed. 
If, in this case. the temperature 
compensation 


needs 
to be improved 
in the 
high 
ambient 
area, 
the tuning 
capacitor from Pin 3 to ground can be selected from N75 
or N150 temperature compensation types. 


Another reason for dc input to Pin 14 is the possibility of 


automatic 
frequency 
control. 
Where 
high 
accuracy 
of 


intercarrier 
frequency 
is required. 
it may 
be desirable 
to 
feed back the dc output of an AFC or phase detector for 


nominal 
carrier 
frequency 
control. 
Only 
limited 
control 
range could be used without adversely affecting the dis- 


tortion 
performance. 
but very 
little 
frequency 
compensa- 


tion will be needed. 


One 
added 
convenience 
in the FM section 
is the separate 
Pin "oscillator 
B+" which permits disabling of the sound 
system during alignment of the AM section. Usually it can 
be hard wired to the VCC source without decoupling. 


Standard 
practice 
in 
television 
is to 
provide 
pre- 


emphasis 
of higher 
audio 
frequencies 
at the 
transmitter 


and 
a matching 
de-emphasis 
in the 
T.V. 
receiver 
audio 


amplifier. 
The 
purpose 
of this 
is to counteract 
the fact that 


less 
energy 
is usually 
present 
in the 
higher 
frequencies. 


and 
also 
that 
fewer 
modulation 
sidebands 
are 
within 
the 


deviation 
window. 
Both 
factors 
degrade 
signal 
to noise 
ratio. Pre-emphasis of 75 !'s is standard practice. For 


cases 
where 
it 
has 
not 
been 
provided. 
a suitable 
pre- 


emphasis 
network 
is covered 
in Figure 
20. 


It would seem natural to take the FM system output from 
Pin 2. the emiller follower output. butthis 
output is high 


in harmonic 
content. 
Taking 
the 
output 
from 
Pin 3 sacri- 


fices 
somewhat 
in source 
impedance 
but results 
in a clean 
output fundamental. with all harmonics more than 40 dB 
down. This choice removes the need for additional filtering 


components. The source impedance of Pin 3 is approxi- 
mately 2.0 kO. and the open circuit amplitude is about 
900 mV Popfor the test circuit shown in Figure 11. 


The application circuit of Figure 1 shows the recom- 
mended approach to coupling the FM output from Pin 3 to 
the AM modulator input. Pin 1. The input impedance at 
Pin 1 is very high, so the intercarrier level is determined 
by the source impedance of Pin 3 driving through C4 into 
the video bias circuit impedance of R4 and R5.about2.2 K. 
This provides an intercarrier level of 500 mV Pop.which is 
correct for the 1.0 V peak video level chosen in this design. 
Resistor R6 and the input capacitance of Pin 1 provide 
some decoupling of stray pickup of RFoscillator or AM out- 
put which may be coupled to the sound circuitry. 
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@ MOTOROLA 


COLOR 
TELEVISION 
RGB to PAUNTSC 
ENCODER 


~ 
''"'"'' 
~ 
l~~";LASTIC PACKAGE 
, 
CASE738-03 


· .. an integrated 
circuit 
used to generate 
a composite 
TV signal 
from 
baseband 
red, blue, green and sync inputs. The MC1377 has 
color 
subcarrier 
oscillator, 
voltage 
controlled 
90' phase shifter, 


two DSB suppressed 
carrier 
chroma 
modulators, 
RGB input 
ma- 
trices and blanking 
level clamps. 
It can be operated 
with very few 
external 
parts, but has the pinouts 
for a fully 
implemented, 
top 
quality composite 
signal. It is ideal for encoding 
signals from color 
cameras and graphics 
generators. 


• 
Reference Oscillator 
Self-Contained 
Or Externally Driven 


• 
Nominal 900 ±3.00 
Axes Are Optionally Trimmable 


• 
Simple PAUNTSC 
Switch 


•. Luminance 
And Chroma Channels Can Accept Delay 


Line/Bandpass 
Elements Or Direct Connection 


• 
Provides 
dc Reference To Permit Direct Drive To RF Modulator 


FN SUFFIX 
PLASTICPACKAGE 
CASE775-02 
PLCC-20 ., 


1 


ORDERINGINFORMATION 


Device 
Temperature 
Package 
Ranga 


MC1377P 
0-70'C 
Plastic DIP 
MC1377FN 
PLCC-20 


FIGURE1 - 
BLOCKDIAGRAM AND APPLICATIONCIRCUIT 


vcc 


·12 
Vdc 
14 


0.1 


10 10~~47133 


~) i3kvv-r 


11 
3.58/ 
4.43 
MHz 


Composite 


Video 
Output 


0-01 
2.5 V p-p 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
15 
Vdc 


8.2 Vdc Regulator 
Output 
Current 
IREG 
10 
mAde 


Operating 
Temperature 
TAMB 
o to 
+70 
·C 


Storage 
Temperature 
Tsto 
-65 
to 
+150 
·C 


Junction 
Temperature 
TJ(maxl 
150 
·C 


Power 
Dissipation, 
package 
Po 
1.25 
W 
Derate 
above 
25·C 
10 
mWrC 


Supply 
Voltage 
12 ± 1.2 
Vdc 


Sync 
Tip Level 
-0.5 
to 
+ 1.0 
Vdc 
Sync, 
Blanking 
Level 
+1.7to 
+8.2 


Red, Green, 
Blue 
Inputs 
(Saturated) 
1.0 
Vo-o 


Characteristic 
Pin No. 
Min 
Typ 
Max 
Unit 


Supply 
Current 
14 
20 
32 
40 
mAde 


Oscillator 
Amplitude 
18 
- 
0.5 
- 
V(o-o) 


External 
Subcarrier 
Input 
(Oscillator 
Components 
Removed) 
17 
- 
0.25 
- 
VRMS 


Subcarrier 
Input: 
Resistance 
17 
- 
5.0 
- 
kfi 
Capacitance 
- 
2.0 
- 
pF 


Modulation 
Angle 
(R-Y) 
to (B-Y) 
- 
85 
90 
95 
Degrees 


(R-Y) 
Angle 
Adjustment 
19 
- 
0.25 
- 
DegllJA 


R, G, B Input 
For 100% Color 
Saturation 
3,4,5 
- 
1.0 
- 
Vla-al 


R, G, B Input: 
Resistance 
3,4,5 
- 
10 
- 
kfi 
Capacitance 
- 
2.0 
pF 


Sync 
Threshold 
(See Figure 
2e) 
2 
- 
1.7 
- 
V 


Sync 
Input 
Resistance 
(Input> 
1.7 VI 
2 
- 
10 
- 
kfi 


Chroma 
Output 
Level 
At 100% Saturation 
13 
- 
1.0 
- 
V(p_p) 


Chroma 
Output 
Resistance 
13 
- 
50 
- 
fi 


Chroma 
Input 
Level 
For 100% Saturation 
10 
- 
0.7 
- 
V(p_p) 


Chroma 
Input: 
Resistance 
10 
- 
10 
- 
kO 
Capacitance 
- 
2.0 
- 
pF 


Composite 
Output. 
} 
{ 


Sync 
9 
- 
0.6 
- 
VIp-pI 


100% 
Saturation 
Luminance 
- 
1.4 
- 


(See Figure 
2d) 
Chroma 
- 
1.7 
- 
Burst 
- 
0.6 
- 


Output 
Impedance 
(See Note 
1) 
9 
- 
50 
- 
fi 


Luminance 
Bandwidth 
(3 dB), Less Delay 
Line 
9 
- 
8.0 
- 
MHz 


Subcarrier 
Leakage 
In Output 
9 
- 
20 
- 
mV(o-a) 


Lfl- 


l00% 
Green 


1.0 V (p-pl 
Input 


(Pin 41 


(dl 
5.0 


4.0 


3.0 


(el 
8.2 Max 


1.7 Min 


1.0 Max 


0 


-0.5 
Min 


(f) 
10.5 


10.0 


9.5 


(gl 
4.35 


4.0 


3.65 


Sync 
Input 


I 
I 
(Pin 21 
------11- 


~) 


52h 
~ 
4J V- 
2.6n 
~ 


2.11 
~ 


100% 
Red 
Input 
(Pin 31 


100% 
Blue 
Input 
(Pin 5) 


Composite 
Output 
(Pin 9) 


Chroma 
Output 
(Pin 13) 


Chroma 
Input 
(Pin 10) 


Luminance 
Output 
(Pin 6) 


Luminance 
Input 
(Pin 81 


R.G.B. Inputs 
should 
be set up to be 1.0 V p-p 
for 
fully saturated 
levels. This is not arbitrary, 
since sync 
and burst levels are internally 
fixed. The large (15 •.•.F) 
input capacitors of Figure 1 are needed for the 50/60 Hz 
vertical component. 


Subcarrier 
Oscillator. 
The internal common-collector 


Colpitts can be free run or it can easily be pulled in by 
a lightly 
coupled 
signal from 
a "master" 
into Pin 17. 


Also, it can be disabled eritirely and a 0.25 VRMS signal 
driven into Pin 17. 


Modulator 
Phase Angles 
are quite accurately 
estab- 


lished internally. 
Taking (B-V) as 0°, burst is at 180°, and 
the angle of (R- V) is 90° ± 3.0°. The (R- V) angle can be 
"tweaked." 
For example, 470 kO from Pin 19 to ground 
will increase the (R-V) to (B-V) angle about 3.0°. Pulling 
Pin 19 up will decrease the angle. 


Composite 
Output 
is de referenced and can be direct 
coupled to an RF modulator 
as shown 
in Figure 3. In 
this case, the 8.2 V regulator 
output 
of the MC1377 is 
divided 
down to 5.8 V to provide 
the zero carrier ref- 


erence to Pin 1 of the MC1374. 


Burst 
Generation 
is provided 
by a sync triggered 
ramp on Pin 1 and two internal level sensors. Since the 
early part of this ramp is used, it is quite accurate. Fixed 
R-C values are feasible, as shown 
in Figure 3. 


Sync Input 
can be varied 
over a wide 
latitude 
but 
neverless must be applied correctly. The typical ac cou- 
pled sync signal has very little positive value and will 
require a pull-up 
resistor to 8.2 Vdc at the input. The 
sync input 
is a 10 kO/10 
kO divider 
in the base of a 


common emitter stage. For PAL operation, the correctly 
serrated vertical sync interval must be used, in order to 
continuously 
trigger 
the PAL flip-flop. 
"Block" 
vertical 
sync can be used for NTSC. 


(R-VHB-VH-VJ 
signals are generated to NTSC values 


(± 5.0%) in the input matrices. They are de clamped at 
black level by a sync driven clamp. Burst amplitude 
is 


internally fixed to correspond to sync level, allowing for 
3.0 dB loss in the chroma bandpass filter. If the filter is 
not used, as shown in Figure 3, a resistor divider should 
be inserted 
between 
Pin 13 and Pin 10 to provide 
the 
proper chroma level. When the chroma bandpass is not 
used, the (-V) delay line should also be removed, 
but 
the 1.0 k/1.0 k divider 
from 
Pin 6 to Pin 8 should 
be 
retained. 
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} Clock 
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PLL Filter 
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Video 
vco 
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Filter 


R·Y Clamp 
PAL 
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R Input 
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Overlay 
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® MOTOROI.A 


COLOR TELEVISION COMPOSITE VIDEO OVERLAY 
SYNCHRONIZER 


· .. 
a bipolar 
composite 
video 
overlay 
encoder 
and microcom- 


puter synchronizer. 
The MC1378 contains 
the complete 
encoder 
function 
of the MC1377, 
i.e. quadrature 
color 
modulators, 
RGB 
matrix, 
and blanking 
level clamps, 
plus a complete 
complement 
of synchronizers 
to lock a microcomputer-based 
video source to 
any remote 
video 
source. 
The MC1378 is especially 
tailored 
to 
work with the Motorola 
RMS (Raster Memory 
System), 
but it can 
be applied 
to other controllable 
video sources. 
It can be used as 
a local system timing 
and encoding 
source, but it is most valuable 
when used to lock the microcomputer 
source to a remotely 
orig- 


inated video signal. 


• 
Contains 
All Needed Reference Oscillators 


• 
Can Be Operated 
in PAL or NTSC Mode, 625 or 525 Line 


• 
Wideband, 
Full-Fidelity 
Color Encoding 


• 
Local or Remote 
Modes of Operation 


• 
Minimal 
External 
Components 


• 
Designed 
to Operate from 
5.0 V Supply 


• 
Will Work with 
Non-standard 
Video 


36 MHz Master Clock 


H Sync 


3.58/4.43 MHz 


Vert/Camp Sync 


RMS 
Red 
MC1378 


Green 


Blue 


Video Enable 


LocallRemote 


COLOR TELEVISION 
COMPOSITE 
VIDEO OVERLAY 
SYNCHRONIZER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


FN SUFFIX 
PLASTICPACKAGE 


CASE777-02 
PLCC-44 • 


Temperature 
Device 
Range 
Package 


MC1378P 
Plastic DIP 
0-70·C 


MC1378FN 
PLCC-44 


II 


• 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
6.0 
Vdc 


Operating 
Temperature 
TA 
o to +70 
·c 


Storage 
Temperature 
Tsto 
-65 
to + 150 
·c 


Junction 
Temperature 
TJ(maxl 
150 
·c 


Power 
Dissipation 
(Package) 
PD 
1.25 
W 


Derate 
above 
25'C 
10 
mWrC 


Condition 
Pin No. 
Value 
Unit 


Supply 
Voltage 
28,36 
5.0 ± 0.25 
Vdc 


RGB Input 
for 
100% 
Saturation 
14,15,16 
1.0 
Vn_n 


Color 
Oscillator 
Input 
Level 
8 
0.5 
Vn_n 


Video 
Input, 
Positive 
24 
1.0 
Vo-n 


Characteristic 
Pin No. 
Min 
Typ 
Max 
Unit 


Supply 
Current 
28,36 
- 
100 
- 
mAdc 


Video 
Output, 
Open 
Circuit, 
Positive 
27 
- 
2.0 
9.4 
Vn_n 


Modulation 
Angle 
(R - 
VI to (B - 
V) 
- 
87 
90 
93 
Degrees 


RGB Input 
Impedance 
14,15,16 
- 
10 
- 
kfi 


Local/Remote 
Switch 
(TIL) 
High 
1 
- 
Remote 
- 
- 
Low 
Local 


Horizontal 
Sync 
Input, 
Negative 
Going 
(TIL) 
40 
- 
4.3 
- 
Vn-o 


Vertical 
Sync 
Output, 
Negative 
Going, 
Remote 
38 
- 
4.3 
- 
Vp_p 
Mode 
(TTL) 


Composite 
Sync 
Output, 
Negative 
Going 
(TIL) 
39 
- 
4.3 
- 
Vn_n 


Burst 
Gate 
Output, 
Positive 
Going 
(TIL) 
5 
- 
4.3 
- 
Vn-o 


REMOTE 
MODE 
LOCAL 
MODE 


The 
incoming 
remote 
video 
signal 
(Pin 
24) 
supplies 
all 
The 
MC1378 
and 
RMS combine 
to provide 
a fully 
synchronized 
synchronizing 
information. 
A discussion 
of the function 
of the 
standard 
signal 
source. 
In this 
case, 
composite 
sync 
must 
be 


phase 
detectors 
helps 
to clarify 
the 
lockup 
method: 
supplied 
by the 
RMS 
or other 
time 
base 
system. 
In the 
MC1378 
the 
phase 
detectors 
operate 
as follows: 


PDl 
- 
locks 
the 
internally 
counted-down 
4 MHz horizontal 
VCO 
PDl 
- 
locks the internally 
counted-down 
4 MHz horizontal 
VCO 
to the 
incoming 
horizontal 
sync. 
It is fast acting, 
to follow 
to 
a Horizontal 
Sync 
signal 
(at 
Pin 
401 from 
the 
RMS 
VCR source 
fluctuations. 
(counted 
down 
from 
36 MHz). 


PD2 - 
locks 
the 
36 MHz 
clock 
VCO, 
which 
is divided 
down 
by 
PD2 - 
not 
used 
in LOCAL 
MODE. 
the 
RMS, 
to the 
divided 
down 
horizontal 
VCO. 
PD3 - 
not 
used 
in LOCAL 
MODE. 
PD3 - 
is a gated 
phase 
detector 
which 
locks the 
14 MHz crystal 
PD4 - 
active, 
but 
providing 
an 
arbitrary 
phase 
shift 
setting 
oscillator, divided by 4, to the incoming color burst. 
between 
the color 
oscillator 
and the 
output 
burst 
phase. 
PD4 - 
controls 
an internal 
phase 
shifter 
to 
assure 
that 
the 
PD5 -locks 
the 
36 MHz 
clock 
VCO 
(which 
is divided 
down 
by 
outgoing 
color 
burst 
is the same 
phase 
as incoming 
burst 
the 
RMS) 
to the 
14 MHz 
(crystal) 
color 
oscillator. 
The 
14 
at PD3. 
MHz is, therefore, 
the 
system 
standard 
in LOCAL 
MODE, 


PD5 - 
not 
used 
in REMOTE 
MODE 
and 
it is not dc controlled. 


Vertical 
lock 
is obtained 
by continuously 
resetting 
the 
sync 
COMPOSITE 
VIDEO 
GENERATION 
generator 
in the 
RMS with 
separated 
vertical 
sync from 
the 
The 
color 
encoding 
at the 
RGB signals 
is done 
exactly 
as in 
MC1378, 
Pin 
38. 
This 
signal 
is TIL 
level 
vertical 
block 
sync, 
the 
MCI377. 
Composite 
chroma 
is looped 
out 
at Pins 18 and 20 


negative 
going. 
The 
horizontal 
sync 
from 
the 
RMS 
to Pin 40 is 
to 
allow 
tha 
designer 
to 
choose 
band 
shaping. 
Luminance 
is 
also TTLlevel 
with 
sync negative 
going. 
The local/remote 
switch, 
similarly 
brought 
out 
(Pins 
17 and 
221 to permit 
installation 
of 
Pin 1, is in local 
mode 
when 
grounded, 
femote 
mode 
when 
taken 
the 
appropriate 
delay. 


to 5.0 V. The overlay 
control, 
Pin 25, has an analog 
characteristic, 
Composite 
sync 
output. 
Pin 39, and 
burst 
gate 
output, 
Pin 5, 


centered 
about 
1.0 V, which 
allows 
fading 
from 
local 
to remote. 
are provided 
for convenience 
only. 
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V 
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® MOTOROLA 


. low-level horizontal sections including phasedetector, oscillator 
and pre-driver - 
a device designed for use in all types of television 


receivers. 


• 
Internal Shunt Regulator 


• 
Preset Hold Control Capability 


• 
±300 Hz Typical Pull-In 


• 
Linear Balanced PhaseDetector 


• 
Variable Output Duty Cycle for Driving Tube or Transistor 


• 
Low Thermal Frequency Drift 


• 
Small Static PhaseError 


• 
Adjustable dc Loop Gain 


• 
Positive Flyback Inputs 


3' 


CA 
AD 


Acl 


Hold 
'00"'1 


2.7 
k 
'2' 


0.0068 
~F 


AE 
Ice 
2.4 
k 
0.005 


~F I 


1.5 k 


0.001 


~F 


5.0 ~F 
1.5 


MPS-U04 
or Equiv 


TV HORIZONTAL 
PROCESSOR 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
'. 
1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


[ 


0 
High 
Voltage 
Tripier 


MAD 


1140 
or 


Equiv 


-20 V Sync 


This circuit 
has an oscillator 
pull-in unge of ±300 
H2. a noise bandwidth 
of 320 Hz, and a damping 
factor 
of 0.8. 


II 


Rating 
Value 
Unit 


Supply Current 
40 
mAde 


Output Voltage 
40 
Vdc 


Ou~put Current 
30 
mAde 


Sync Input Voltage (Pin 31 
5.0 
Vlp-p) 


Flyback Input Voltage (Pin 4) 
5.0 
V(p.p) 


Power Dissipation (Package Limitation) 
Plastic Package 
625 
mW 
Derate above T A = +250C 
5.0 
mW/oe 


Operating Temperature Range (Ambientl 
o to +70' 
°e 


Storage Temperature Range 
-65 '0+150 
°e 


Characteristic 
Min 
Typ 
Max 
Unit 


Regulated Voltage (Pin 61 
8.0 
8.6 
9.4 
Vdc 


Supply Current (Pin 6) 
- 
20 
- 
mAdc 


Collector-Emitter 
Saturation Voltage (Output Transistor 
Vdc 
01 in Figure6l 
lie 
= 20 mA, Pin 1) Vdc 
- 
0.15 
0.25 


Voltage (Pin 41 
- 
2.0 
- 
Vdc 


Oscillator Pull-in Range (Adjust RH in Figure 2) 
- 
±300 
- 
Hz 


Oscillator Hold-in Range (Adjust RH in Figure 2) 
- 
±900 
- 
Hz 


Static Phase Error 
~s 
IAf = 300 Hzl 
- 
0.5 
- 


Free-running Frequency Supply Dependance 
Hz/Vdc 


(Sl in position 2) 
- 
±.3.0 
- 


Phase Detector Leakage {Pin 51 
~A 
(All switches in position 2) 
- 
- 
±1.0 


Sync Input Voltage (Pin 3) 
2.0 
- 
5.0 
V(p-pl 


Sawtooth Input Voltage (Pin 41 
1.0 
- 
3.0 
Vip-pi 


TYPICAL 
CHARACTERISTICS 


(T A '" +2SoC unless otherwise 
noted.) 


1.0 JJF 
3.3 k 
r 


+ 
O.1,!,F 
• 
I 
5 
4 
3.3 
k 
52 
rY- 


2 


JJA 
51 
O~\:F ± 
, 
, 
2. 


Pulse Generator 


= 


+4.0 
V 
6 
3 
53 
Sync 
Pulse 
- 
" 


= -20 V. 
39 k 
, 
5.0/015. 
fO 
= 


MC1391P 
0.003 
150 k 
jJF 
15,750 
Hz 


R'j, 
12 k 
7 
2 


T 
l- 
3k 
Output 


6800 
pF 
Pulse 
Pulse Generator 
8 
+30 V 


I 
T 


Output = +50 V· 


, k 
, 
12 
j.1S 
,VM 
= 
2 k 


I 
I 
- 


REFERENCE 
FREQUENCY 
~ 


...•.....•.•... 
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- 


~ 
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~ 


"""- 
" 


" 
~ 
-10 
1- 


10 


_ 
-3D 


<.f 
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/" 
...- 
/ 
7 
f 
REFERENCE 
FREQUENCY 
~_ 
I 
15,7 


1 


50 Hz 
I 
- 


./ 


I 
I 
/' 
- 
_fQ 
~ 15,750 
Hz 


t 
'" 63.5;.1$ 
/ 
/ 
/ 


1/ 
/ 
/ 


~ 
o 
>- 


~ 
+20 


~ 


~ 
4.0 


w 
'"« 
~3.75 


>.3.5 
" 
> 


II 


Mark·Spac8 
8 


RatiO 


Phase 
Detector 
Output 


4 
Sawtooth 
Input 


The 
MC1391P 
contains 
the 
oscillator, 
phase 
detector 
and 
predriver 
sections 
needed 
for a television 
horizontal 
APe loop. 


The oscillator 
is an RC type 
with 
one 
pin 
(Pin 7) used to 
control the timing. 
The basic operation 
can be explained 
easily. 


If it is assumed 
that 
07 
is initially 
off, then the capacitor 
con- 
nected 
from 
Pin 7 to ground 
will 
be charged 
by an external 
resistor 
(Rc) connected 
to Pin 6. As soon as the voltage 
at Pin 
7 exceeds 
the 
potential 
set at the base of 08 
by resistors 
R8 
and 
RIO, 07 will 
turn 
on and 06 will 
supply 
base current 
to 
05 and 010. Transistor 
010 will 
set a new, 
lower 
potential 
at 


the base of 08 determined 
by R8, R9 and R1O.Then, transistor 
05 will 
discharge 
the capacitor 
through 
R4 until the base bias 
of 07 falls below 
that of 08, at which 
time 
07 will turn off and 


the cycle 
repeats. 


The sawtooth 
generated 
at the base of 04 will appear across 
R3 and turn 
off 03 whenever 
it exceeds 
the bias set on Pin 8. 
By adjusting 
the potential 
at Pin 8, the duty 
cycle (MSR) at the 
predriver 
output 
pin (Pin 1) can be changed 
to accommodate 


either 
tube 
or transistor 
horizontal 
output 
stages. 


The 
phase 
detector 
is isolated 
from 
the 
remainder 
of the 
circuit 
by R14 and Z2. The phase detector 
consists 
of the com- 


parator 
015, 
016 
and the gated current 
source 
017. 
Negative 
going sync pulses at Pin 3 turn off 012 
and the current 
division 
between 
015 
and 016 
will 
be determined 
by the phase 
rela- 


tionship 
of the sync and the sawtooth 
waveform 
at Pin 4, which 
is derived 
from the horizontal 
fly back pulse. Ifthere 
is no phase 
difference 
between 
the sync and sawtooth, 
equal 
currents 
will 
flow 
in the collectors 
of 015 
and 016 
each for 
half the sync 
pulse 
period. 
The 
current 
in 015 is turned 
around 
by 018 so 
that 
there 
is no net output 
current 
at Pin 5 for balanced 
con- 


ditions. 
When 
a phase 
offset occurs, 
current 
will flow either 
in 
or out of Pin 5. This pin is connected 
via an external 
low-pass 
filter 
to Pin 7, thus 
controlling 
the oscillator. 
Shunt 
regulation 
for the circuit 
is obtained 
with 
a zero tem- 
perature 
coefficient 
from the series combination 
of 01, 02 and 
Z1. 


Although 
it is an integrated 
circuit, 
the MC1391P 
has all the 
flexibility 
of a conventional 
discrete 
component 
horizontal 
APe 
loop. 


The 
internal 
temperature 
compensated 
voltage 
regulator 
allows 
a wide 
supply voltage 
variation 
to be tolerated, 
enabling 
operation 
from 
nonregulated 
power 
supplies. 
A 
minimum 
value 
for supply 
current 
into Pin 6 to maintain 
zener regulation 
is about 
18 mA. Allowing 
2 mA for the external 
dividers 


R 
+ R 
_ Vnonreg(min) 
-8.8 
A 
B- 
20xl0-3 


Components 
RA, RB and CA are used for 
ripple 
rejection. 
If 
the 
supply 
voltage 
ripple 
is expected 
to be less than 
100 mV 
(for 
a 30 Volt 
supply) 
then 
RA and 
RB can be combined 
and 
CA omitted. 
The output 
pulse 
width 
can be varied 
from 
6 p.s to 48 p.s by 
changing 
the voltage 
at Pin 8 (see Figure 5). However, 
care 
should 
be taken 
to keep the 
lead lengths 
to Pin 8 as short 
as 
possible 
to prevent 
ringing 
which 
can result in erroneous 
out- 
put pulses 
at Pin 1. The parallel 
impedance 
of RO and RE should 
be close to 1 kn to ensure 
stable 
pulse widths. 


For 15 mA drive 
at saturation 


V nonreg 
- 0.3 
RF ~ 
15 x 10-3 


The 
oscillator 
free-running 
frequency 
is set by RC and 
Cs 


connected 
to Pin 7. For values 
of RC ~ Rdischarge 
(A4 in Figure 
6), a useful 
approximation 
for the free-running 
frequency 
is 
, 


fO = 0.6 RCCB 


Proper 
choice 
of AC and CB will give a wide 
range 
of oscil- 


lator frequencies 
- 
operation 
at 31.5 kHz for count-down 
cir- 
cuits 
is possible 
for example. 
As long 
as the product 
RCCB = 


10 - 4 many 
combinations 
of values 
of RC and CB will 
satisfy 
the free-running 
frequency 
requirement 
of 15.734 
kHz. How- 
ever, the sensitivity 
of the oscillator 
((3) to control-current 
from 
the phase 
detector 
is directly 
dependent 
on the magnitude 
of 
Re. and this provides 
a convenient 
method 
of adjusting 
the dc 
loop 
gain 
(fcl. 


For a given 
phase 
detector 
sensitivity 
(p.) 
~ 
1.60 x 10 - 4 Alrad 


fc = p./3 and /3 = 3.15 x RC HzlmA 


Increasing 
RC will raise the dc loop gain and reduce the static 
phase 
error 
(S.P.E.) for 
a given 
frequency 
offset. 
Secondary 
effects 
are to increase 
the 
natural 
resonant 
frequency 
of the 
loop 
(wn) 
and 
give 
a wider 
pull-in 
range 
from 
an out-of-Iock 
condition. 
The loop will also tend to be underdamped 
with fast 
pull-in 
times. 
producing 
good 
airplane 
f1.utter performance. 
However. 
as the 
loop 
becomes 
more 
underdamped 
impulse 
noise 
can 
cause 
shock 
excitation 
of 
the 
loop. 
Unlimited 
increase 
in the dc loop gain will also raise the noise bandwidth 
excessively 
causing 
horizontal 
jitter 
with 
thermal 
noise. 
Once 
the de loop 
gain 
has been selected 
for adequate 
S.P.E. perfor- 
mance, 
the 
loop 
filter 
can 
be 
used 
to 
produce 
the 
balance 
between 
other 
desirable 
characteristics. 
Damping 
of the loop 
is achieved 
most 
directly 
by changing 
the 
resistor 
AX with 
respect 
to Ay which 
modifies 
the 
ae/dc 
gain 
ratio 
(m) of the 
loop. Lowering 
this ratio will reduce the pull-in 
range and noise 
bandwidth 
(fnn). 
(Note: 
very 
large 
values 
of Ry will 
limit 
the 
control 
capability 
of the phase 
detector 
with 
a corresponding 
reduction 
in hold-in 
range.) 
Static 
phasing 
can 
be adjusted 
simply 
by adding 
a small 
resistor 
between 
the 
flyback 
pulse 
integrating 
capacitor 
and 
ground. 
The sync coupling 
capacitor 
should 
not be too small 


or it can charge 
during 
the vertical 
pulse and this may 
result 
in picture 
bends 
at the top of the CRT. 


NOTE: 
In adjusting 
the loop parameters, 
the following 
equations 
may 
prove 
useful: 


f 
_ 1 x x2 Twc 


nn - 
4 X T 


w-~ 
n - yf1+X)T 


K = x2Twc 
4 


RX 


X = 
Ry 


wc=27Tfc 


T = Ry Cc 


where: 
K = loop damping 
coefficient 


II 


Devlee 


MC33400 


MC3340P 


Temperature Range 


- 40"C to + 85"C 
- 400C to + 85°C 


Package 


SO-14 
Plastic DIP 


ONE 01 FFERENTIALL 
Y CONNECTED 
PAIR AND THREE 
ISOLATED 
TRANSISTOR 
ARRAY 


The MC3346 
is designed 
for general 
purpose, 
low power 
appli- 
cations 
for consumer 
and industrial 
designs. 


• 
Guaranteed Base·Emitter 
Voltage Matching 
• 
Operating 
Current 
Range Specified 
- 
10 /lA to 10 mA 
• 
Five General-Purpose Transistors 
in One Package 


MAXIMUM 
RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter 
Voltage 
VCEO 
15 
Vdc 


Collector-Base 
Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEB 
5.0 
Vdc 


Collector-Substrate 
Voltage 
VCID 
20 
Vdc 


Collector 
Current 
- 
Continuous 
IC 
50 
mAde 


Total Power Dissipation @TA 
= 2SoC 
Po 
1.2 
Watts 


Derate 
above 
25°C 
10 
mW/oC 


Derate Each Transistor 
@ 2SoC 
300 
mW/oC 


Operating 
Temperature 
Range 
TA 
--40 to +85 
°c 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
°c 


GENERAL PURPOSE 
TRANSISTOR 
ARRAY 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


D SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751A-02 
SO-14 


ELECTRICAL 
CHARACTERISTICS 


I 
Characteristic 


STATIC 
CHARACTERISTICS 


Collector-Base 
Breakdown 
Voltage 
V(BR)CBO 
20 
60 
- 
Vde 


(lc 
~ 
10 ",Ade) 


Collector-Emitter 
Breakdown 
Voltage 
V(BR)CEO 
15 
- 
- 
Vde 


IIC ~ 
1.0 mAde) 


Collector-Substrate 
Breakdown 
Voltage 
VIBR)CIO 
20 
60 
- 
Vde 


(lC = 10 ",A) 


Emitter-Base 
Breakdown 
Voltage 
V(BR)EBO 
5.0 
7.0 
- 
Vde 


(IE ~ 
10 ",Ade) 


Collector-Base 
Cutoff 
Current 
ICBO 
- 
- 
40 
nAde 


(VCB 
~ 
10 Vde, 
IE ~ 
0) 


DC Current 
Gain 
hFE 
- 
(lC = 10 mAde, 
VCE 
~ 
3.0 Vde) 
- 
140 
- 
(lC = 1.0 mAde, 
VCE 
~ 
3.0 Vde) 
40 
130 
- 
(lC = 10 ",Ade, 
VCE = 3.0 Vde) 
- 
60 
- 


Base-Emitter 
Voltage 
VBE 
Vde 
(VCE 
~ 
3.0 Vde, 
IE = 1.0 mAde) 
- 
0.72 
- 


(VCE = 3.0 Vde, 
IE ~ 
10 mAde) 
- 
0.8 
- 


Input 
Offset 
Current 
for 
Matched 
Pair Q1 and 
Q2 
11101- 
- 
0.3 
2.0 
",Ade 
(VCE = 3.0 Vde, 
IC = 1.0 mAde) 
li021 


Magnitude 
of Input 
Offset 
Voltage 
- 
- 
0.5 
5.0 
mVde 
(VCE = 3.0 Vde, 
IC = 1.0 mAde) 


Temperature 
Coefficient 
of Base-Emitter 
Voltage 
6VBE 
- 
-1.9 
- 
mVrC 
IVCE 
~ 
3.0 Vde, 
IC = 1.0 mAde) 
6T 


Temperature 
Coefficient 
16Vl01 
- 
1.0 
- 
",vrc 


6T 


Collector-Emitter 
Cutoff 
Current 
ICEO 
- 
- 
0.5 
",Ade 
IVCE = 10 Vde, 
iB 
~ 
0) 


Low Frequency 
Noise 
Figure 
NF 
- 
3.25 
- 
dB 
(VCE = 3.0 Vde, 
IC = 100 ",Ade, 
RS ~ 
1.0 kl1, f ~ 
1.0 kHz) 


Forward 
Current 
Transfer 
Ratio 
hFE 
- 
110 
- 
- 
(VCE 
~ 
3.0 Vde, 
IC = 1.0 mAde, 
f ~ 
1.0 kHz) 


Short-Circuit 
Input 
Impedance 
hie 
- 
3.5 
- 
kl1 
(VCE 
~ 
3.0 Vde, 
IC = 1.0 mAde) 


Open-Circuit 
Output 
Impedance 
hoe 
- 
15.6 
- 
~mhos 
(VCE 
~ 
3.0 Vde, 
IC = 1.0 mAde) 


Reverse 
Voltage 
Transfer 
Ratio 
hre 
- 
1.8 
- 
x10-4 


(VCE 
~ 
3.0 Vde, 
IC = 1.0 mAde) 


Forward 
Transfer 
Admittance 
Yfe 
- 
31-j1.5 
- 
- 
(VCE = 3.0 Vde, 
IC = 1.0 mAde, 
f = 1.0 MHz) 


Input 
Admittance 
Vie 
- 
0.3+jO.04 
- 
- 
(VCE 
~ 
3.0 Vde, 
IC = 1.0 mAde, 
f ~ 
1.0 MHz) 


Output 
Admittance 
Yoe 
- 
0.001 + jO.03 
- 
- 
IVCE = 3.0 Vde, 
IC = 1.0 mAde, 
f = 1.0 MHz) 


Current-Gain 
- 
Bandwidth 
Product 
fr 
300 
550 
- 
MHz 
(VCE 
~ 
3.0 Vde, 
IC = 3.0 mAde) 


Emitter-Base 
Capacitance 
Ceb 
- 
0.6 
- 
pF 
(VEB 
~ 
3.0 Vde, 
IE = 0) 


Collector-Base 
Capacitance 
Ceb 
- 
0.58 
- 
pF 


(VCB = 3.0 Vde. 
IC = 0) 


Collector-Substrate 
Capacitance 
CCI 
- 
2.8 
- 
pF 
IVCS = 3.0 Vde, 
IC = 0) 


•• 
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The MC3373 is intended 
for application 
in infrared 
remote 
con- 
trols.lt 
provides 
the high gain and pulse shaping 
needed to couple 
the signal from 
an IR receiver 
diode 
to the tuning 
control 
system 
logic. 


• 
High Gain Pre-Amp 


• 
Envelope 
Detector 
for PCM Demodulation 


• 
Simple 
Interface 
to Microcomputer 
Remote 
Control 
Decoder 


• 
May Be Used with 
Tuned 
Circuit 
for Narrow 
Bandwidth, 
Lower 
Noise Operation 


• 
Small 
Package Size 


• 
Minimum 
External 
Components 


• 
Wide 
Operating 
Supply 
Voltage 
Range 


• 
Low Current 
Drain 


• 
Improved 
retrofit 
for NEC part no. fl-PC1373 


REMOTE 
CONTROL 
WIDEBAND 
AMPLIFIER 
WITH 
DETECTOR 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


.~ 


1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


(3) 
MLED71 
Infrared 
Emitting 
Diodes 


L1TRONIX 
SFH206 
Receiver 
Diode 


II 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
15 
Vdc 


Operating 
Temperature 
Range 
TA 
o to 75 
·C 


Storage 
Temperature 
Range 
Tsto 
-55 
to + 125 
·C 


Junction 
Temperature 
TJ 
150 
·C 


Power 
Dissipation, 
Package 
Rating 
Po 
1.25 
Walts 


Derate 
above 
25·C 
1/8JA 
10 
mWrC 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Voltage 
(25·CI 
VCC 
4.75 
- 
15 
Vdc 


Power 
Supply 
Voltage 
(O·C) 
VCC 
5.0 
- 
15 
Vdc 


Input 
Frequency 
fin 
30 
40 
80 
kHz 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Current 
ICC 
1.5 
2.5 
3.5 
mAdc 


Input 
Terminal 
Voltage 
V(Pin 
7) 
2.4 
2.8 
3.0 
Vdc 


Input 
Voltage 
Threshold 
Vin 
- 
50 
100 
"Vp_p 


Input 
Amplifier 
Voltage 
Gain 
AV 
- 
60 
- 
dB 
(VIPin 
31 = 500 mVp_p) 


Input 
Impedance 
rjn 
40 
60 
80 
kfi 


Output 
Voltage, 
Vin = 1.0 mVp_p 
VOL 
- 
- 
0.5 
V 


Output 
Leakage, 
VCC = VOH = 15 Vdc 
IOH 
- 
- 
2.0 
/LA 


Output 
Voltage, 
Input 
Open 
VOH 
- 
- 
5.0 
Vdc 


0.033h= 5.0 mH 
COIL: 
TOKO 
INC. 


CANS-4612Z 


1.0 k 
+Q"F 
- 
Input 
Amp 
7 
Input 


100 


iii 
:s! 
110 
;z 
<i' 
<.:> 
w 
<.:> 


60 
>3 
0> 
'"w 
40 
u: 
::l~« 
•... 


20 
~~ 


...••... 


•....... 


PIN 7 
iWIII 
IWIJI 
Input 
~2.8V 
50 "VP.P(min) 
--1 I-- 512 J1.S burst of 30-80 kHz 


PIN 3 
Amplifier 
Output 
~ 500 mVp.p 


---i ~ 
r---VCC 
W 
W 
---0.5V 
-----------0 


VCC 


100k 


Vcc 
12 Vdc 


VCC ~ 
10 Vdc\ 
\ 
I 
1\ 


I 
\ 
\ 


I 
\. 


-VCC 
8.5 Vdc 


....••.. 


.....•..•• 
I'-....... 
............- 
r-- 


II 
APPLICATIONS INFORMATION 
The MC3373 is designed 
to amplify 
and detect the 
signal from an infrared receiver diode in a remote con- 
trol system. The signal is generally 
in the form of ultra- 
sonic bursts, 
ranging 
in amplitude 
from 
50 ",Vp_p to 
several hundred 
millivolts. 
The receiver diode may be 
directly 
connected 
to the MC3373 to save parts; 
the 
input is internally 
compensated 
by an ABlC 
(automatic 
bias level control). 
However, 
it is advantageous 
to ac 
couple the input, as shown in Figure 1, in order to pro- 
vide attenuation 
of the power line frequency 
IR inputs, 
which are plentiful 
in most cases. 


The input amplifier 
gain is approximately'equal 
to the 
load impedance at Pin 3, divided 
by the resistor from 
Pin 6 to ground. Again, the low frequency 
gain can be 
reduced by using a small coupling 
capacitor 
in series 
with the Pin 6 resistor. 


The load may be resistive, as shown in the application 
circuit, 
or tuned, 
as in the test circuit. 
The amplifier 
output is limited by back-to-back clamping 
diodes, level 
shifted, 
buffered 
and fed to a negative 
peak detector. 
The detector threshold 
is set by the external resistor on 
Pin 4, and an internal 6.8 kfl resistor and diode to VCC' 
The capacitor from VCC to Pin 4 quickly charges during 
the negative peaks and then settles toward 
the set-up 
voltage between signal bursts at a rate roughly 
deter- 
mined by the value of the capacitor and the 6.8 k resis- 
tor. The external capacitor at Pin 2 filters the ultrasonic 
carrier from the pulses. 


Fitter 


026 
R19 
10 k 
R22 
200 


021 
R20 
7.5 k 
029 


R'3 
027 
RIO 
3.3 k 
R15 
R21 
R2" 
10 k 
2.2 k 
2.2 
k 
2.2 
k 


Circuit Description (Refer to Figure 7) 
01-04 set the bias on the amplifier 
input at approx- 
imately 2.8V. 06-010 form the input amplifier, 
which 
has a gain of about 80 dB when RIPin 6) = O.05 sinks 
input current from the photo diode and keeps the am- 
plifier properly 
biased. 018-020 level shift and buffer 
the signal to the negative peak detector, 022 and 023. 
Output devices 026 and 027 conduct during peaks and 
pull the output, Pin 1, low. The capacitor on Pin 2 filters 
out the carrier. 


@ MOTOROLA 


Specifications 
and Applications 
Information 


The MC10320 integrates a triple 4-bit digital-to-analog 
converter 
and a 16 x 12 color look-up table into a single 28 pin IC for use 
in a high resolution 
color graphics 
display 
system. The outputs 
are EIA-343-A compatible 
red, blue, and green video signals capa- 
ble of driving 
single 
or doubly 
terminated 
50 ohm or 15 ohm 
cables directly. 
Complementary 
outputs are provided for custom 
displays. 


Control 
inputs include BLANK and SYNC to produce the levels 
required 
for vertical 
and horizontal 
retrace. 


The color look-up table allows up to 16 color combinations 
(out 
of a palette of 4096 possible colors) on the screen at anyone time. 
The table can be updated as often as required. 


The lower speed digital 
inputs (WRITE, DATA, and SYNC) are 
TTL compatible, 
whereas the high speed inputs (ADDRESS, PIXEL 
CLOCK, and BLANK) can be user programmed 
to either ECL or 
TTL compatability. 
The address and blank signals are latched into 
input registers, facilitating 
the timing 
requirements 
for those sig- 
nals. Additional 
registers frame the data as it is presented to the 
three DACs, ensuring 
low glitch area and matched response. 
Innovative 
level translators 
permit 
the MC10320 series to be 
used in single or dual supply systems, 
permitting 
compatability 
with most any system configuration. 
The MC10320 series is fab- 


ricated with 
Motorola's 
MOSAIC process, which 
provides 
both 
low power consumption 
and high speed. 


• 
Triple 4-Bit Video DAC with 
16 x 12 Color Look-Up Table 


• 
17.5MHz Max Pixel Rate (MC10320), 90 MHz Max 
(MC10320-1) 


• 
User Selectable TTL or ECL Compatability 
on High Speed 
Inputs 


• 
Single/Dual 
Supply Operation 
(Inputs and/or Outputs 
May Be 
Above/Below 
Ground) 


• 
Supply Sensitivity 
Typically 
- 34 dB 


• 
EIA-343-A Compatible 
Output 
Levels 


• 
Directly 
Drives 50 or 15 Ohm Cables 


• 
Low Power Dissipation 
- 
684 mW Typical 


• 
Internal 
Bandgap Reference 


• 
SYNC and BLANK Control 
Inputs 


MC10320 
MC10320·1 


TRIPLE 4-BIT 
COLOR 
PALETTE 
VIDEO 
DAC 


DO 


01 


02 
II 
03 


VCC1 


SYNC 


VEE1 


RSET 


VEE2 


BLANK 
VCC2 


TH CTRL 
VR 


VEE2 
VR 


VB 
VG 


VB 
VG 


Maximum 
Pixel Rate 
Device 


125 MHz 
MC10320L 


90 MHz 
MC10320L-1 


BLOCK DIAGRAM 


VCC1 


Data 
4 


WRITE 
3 


Threshold 
V> 
16 x 12 Bit 
Control 
li; 
Color 
t> 
4 


Address 
4 
·0 
Look-Up 
Q>a: 
Table 
RAM 


Parameter 
Value 
Units 


Supply 
Voltages 
Vdc 


VCC1 
(Measured 
to VEE1) 
-0.5, 
+ 7.0 


VCC2 
(Measured 
to VEE2) 
-0.5, 
+ 7.0 


VEE1 
(Measured 
to VEE2) 
-0.5, 
+ 7.0 


VCC2 
(Measured 
to VEE1) 
-0.5, 
+ 7.0 


Input 
Voltages 
(Address, 
Data, 
WR, WG, 
WB, 
SYNC, 
BLANK, 
PCLK, 


and 
Threshold 
Control) 
VEE1-0.5, 
VCCl 
+0.5 
Vdc 
RSET (Pin 
21) 
VEE2 - 0.5, VCC2 
Vdc 
RSET External 
Resistor 
0,3.0 
k 
n 


Outputs 
(VR, VR, VG, VG, VB, VB Measured 
to VEE21 
+2.5, 
+8.0 
Vdc 


Junction 
Temperature 
-55, 
+ 150 
'c 


"Maximum 
Ratings" are those vatues beyond which the safety of the device cannot be guaranteed. They are not meant 
to imply that the device should be operated at these limits. The "Recommended Operating limits" provide for actual 
device operation. 


RECOMMENDED 
OPERATING LIMITS 


Parameter 
Min 
Typ 
Max 
Units 


Single 
Supply 
- 
VCC1, 
VCC2 
4.5 
5.0 
5.5 
Vdc 
VEE1, 
VEE2 
- 
0 
- 


or 
VCC1, 
VCC2 
- 
0 
- 


VEE1, 
VEE2 
-4.5 
-5.0 
-5.72 


Dual 
Supply 
- 
VCC1 
4.5 
5.0 
5.5 
VCC2 
- 
0 
- 


VEEl 
- 
0 
- 


VEE2 
-4.5 
-5.0 
-5.72 


RSET (Between 
VCC2 
and 
Pin 21) 
500 
1.0 k 
2.0 k 
n 
ISET (Determined 
by RSETI 
0.55 
1.25 
2.8 
mA 
RL (Load 
Resistance 
at Each Output) 
0 
- 
75 
n 


Input 
Voltages 
- 
Threshold 
Control 
(Pin 
11, See Text) 
VEE1 
- 
VCC1 
Vdc 
TTL 
High 
(Pins 
1-3, 
5-10, 
23, 25-28, 
VEE1 +2.0 
- 
VCC1 
TTL 
Low 
Pin 11 connected 
to VEE1) 
VEE1 
- 
VEE1 +0.8 
ECL High 
(Pins 
5-10 
only, 
Pin 
11 
VCC1-1.13 
- 
VCC1 
ECL Low 
connected 
to VCC1) 
VEE1 
- 
VCC1-1.48 


Output 
Compliance 
(Measured 
to VCC2) 
-2_0 
0 
+2.0 
Vdc 
Ambient 
Temperature 
0 
- 
+70 
'c 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


Resolution 
(Each 
DAC) 
Res 
4.0 
4.0 
4.0 
Bits 


Palette 
Colors 
(Active) 
- 
- 
- 
16 
Colors 
(Total 
Available) 
- 
- 
- 
4096 
Colors 


Integral 
Nonlinearity 
INL 
-114 
0 
+1/4 
LSB 


Differential 
Nonlinearity 
DNL 
-114 
0 
+1/4 
LSB 


Monotinicity 
- 
Guaranteed* 


Output 
Levels 
@ VR, VG, VB, relative 
to VCC2 
unless 
otherwise 
noted. 
Ref. White 
Offset 
(DAC 
Input 
~ 
1111) 
lOW 
- 
50 
400 
p.A 


BLANK, 
SYNC 
~ 
1 
VOW 
-15 
-1.9 
- 
mV 


Ref. 
Black 
(DAC 
Input 
= 0000) 
Relative 
to 
lOB 
16.1 
17.2 
18.2 
mA 


Ref. White, 
BLANK, 
SYNC 
= 1 
VOB 
-682 
-645 
-604 
mV 


Blank 
Level 
Relative 
to Ref. Black 
10BK 
1.17 
1.33 
1.5 
mA 
BLANK 
~ 
0, SYNC 
~ 
1 
VOBK 
-56.2 
-50 
-43.9 
mV 


Sync 
Level 
- 
VG Only, 
Relative 
to Blank 
10SY 
6.71 
7.63 
8.54 
mA 


SYNC, 
BLANK 
= 0 
VOSY 
-320 
-286 
-251 
mV 


Total 
Error 
(Each 
DAC, 
Ref. White 
to Ref. 
Black) 
GER 
-6.0 
0 
+6.0 
% 


Gain 
Tracking 
Error 
(Any 
two 
DACs 
@ Ref. Black) 
GTR 
-3.0 
0 
+3.0 
% 


Output 
Impedance 
@ VR, VG, VB 
Zo 
10 
100 
- 
kn 


Reference 
Voltage 
(VCC2 
- 
VRSET, 
RSET 
~ 
1.0 kn) 
VREF 
-1.4 
-1.25 
-1.1 
Vdc 


Pin 21 Output 
DC Resistance 
(0 mA < IREF < 3.0 mAl 
- 
- 
3.0 
- 
n 


Input 
Voltage 
High 
(Data, 
WR, WG, 
WB, 
SYNC) 
VIHA 
VEEl 
+ 2.0 
- 
VCC1 
Vdc 
Low 
(Data, 
WR, WG, 
WB, 
SYNC) 
VILA 
VEEl 
- 
VEE1 +0.8 


Input 
Voltage 
High 
'(Address, 
PCLK, 
8LANK) 
(Threshold 
Control 
@ VEE1 
(TTL 
Mode)) 
VIHB 
VEEl 
+2.0 
- 
VCC1 
(Threshold 
Control 
@ VCC1 
(ECL Mode)) 
VIHC 
VCC1-1.13 
- 
VCCl 


Input 
Voltage 
Low 
(Address, 
PCLK, 
BLANK) 
(Threshold 
Control 
@ VEEl 
[TTL 
Mode)) 
VILB 
VEEl 
- 
VEE1 +O.B 
(Threshold 
Control 
@ VCCl 
[ECL 
Mode)) 
VILC 
VEEl 
- 
VCCl 
-1.48 


Input 
Current 
@ 2.4 V (TTL 
Mode) 
(All 
Input 
Pins 
IIHA 
- 
50 
150 
p.A 


@ 0.4 V (TTL 
Mode) 
Except 
Pin 11) 
IILA 
- 
10 
100 


Input 
Current 
@ VCC1 
- 
0.8 V (ECL Mode) 
IIHB 
- 
100 
250 


@ VCC1 
- 
1.8 V (ECL Mode) 
IILB 
- 
70 
200 


Input 
Current 
@ Pin 11 (Pin 
11 ~ VCC1) 
11TH 
-5.0 
0 
- 
mA 


@ Pin" 
(Pin" 
= VEE1) 
IITL 
-1.0 
-0.4 
- 


Signal 
Feedthrough 
to Outputs 
Due to 
SRR 
dB 
Pixel 
Clock 
(@ 125 MHz 
for 
MC10320, 
- 
-50 
- 
BLANK 
90 MHz 
MC10320-1) 
- 
-50 
- 
Data 
- 
-60 
- 


Power 
Supply 
Rejection 
Ratio 
(All 
DACs) 
PSRR 
dB 
VCC1 
@ 1.0 kHz 
- 
60 
- 
VCC1 
@ 1.0 MHz 
- 
45 
- 


VCCl 
@ 50 MHz 
- 
30 
- 
VEE2 
@ 1.0 kHz 
- 
50 
- 
VEE2 
@ 1.0 MHz 
- 
33 
- 


VEE2 @ 50 MHz 
- 
12 
- 
Power 
Supply 
Sensitivity** 
- 
0.02 
0.12 
%/% 


Power 
Supply 
Requirements 
(See 
Figure 
1) 
mA 
VCC1 
Current 
(VCC1 
- 
VEEl 
= 5.0 V) 
ICCl 
- 
50 
70 
VEEl 
Current 
(VCC1 
- 
VEEl 
= 5.0 V) 
IEEl 
- 
-50 
-70 


VCC2 
Current 
(VCC2 
- 
VEE2 
= 5.0 V) 
ICC2 
- 
28 
45 
VEE2 
Current 
(VCC2 
- 
VEE2 
= 5.0 V, 
lEE 
- 
-92 
-120 
Includes 
output 
currents) 
Power 
Dissipation 
(@ 5.0 volt 
supplies) 
Po 
- 
684 
894 
mW 


II 


Parameter 
Symbol 
Mln 
Typ 
Max 
Units 


READ Cycle (Display Mode) 
Address, BLANK Setup Time 
tRSA 
- 
1.5 
- 
ns 
Address, BLANK Hold Time 
tRHA 
- 
1.5 
- 
ns 
Clock Pulse Width - 
High 
tpWH 
- 
3.0 
- 
ns 
Clock Pulse Width - 
Low 
tpWL 
- 
3.0 
- 
ns 
Pipeline Delay 
tplPE 
t.O 
1.0 
1.0 
elk cycle 
DAC Prop Delay (PCLK to 50% Point) 
tDPD 
- 
9.0 
- 
ns 
DAC Prop Delay Difference (DAC to DAC) 
tDPDIl 
- 
6.5 
- 
ns 
SYNC Prop Delay 
tSPD 
- 
6.0 
- 
ns 
Output Settling Time (± 1/2 LSB to ± .112 LSB) 
tDS 
- 
3.0 
- 
ns 
Output Slew Rate 
SR 
- 
300 
- 
V/JLS 
Glitch Area 
AG 
- 
20 
- 
pV-S 


WRITE Cycle (RAM Update Mode) 
ns 
Address Setup Time 
tWSA 
- 
1.5 
- 
Address Hold Time 
tWHA 
- 
1.5 
- 
Clock Setup Time 
twsc 
- 
5.0 
- 
Clock Hold Time 
tWHC 
- 
10 
- 
Data Setup Time 
tWSD 
- 
90 
- 
Data Hold Time 
tWHD 
- 
10 
- 
Write Pulse Width 
twpw 
- 
90 
- 


Parameter 
Typ 
Units 


Offset (at Ref. White) 
±20 
ppm GSrC 


DAC Gain 
±100 
ppm GSrC 


Gain Tracking (any 2 DACs @ Ref. Black) 
±50 
r ,m GSrC 


Linearity 
±100 
~ " GSrC 


FIGURE 1 - 
BLOCK DIAGRAM 


VCC1 
24 


Data 
4 
25-28 


WRITE 
3 
1-3 


Threshold 
11 
'" 
16 x 12 Bit 
Control 
:;; 
Color 
1;; 
4 
'0> 
Look-Up 
~ 
Address 
4 
5-8 
" 
0 
c:: 
Table 
n; 


':5 
RAM 
v; 
c: 
c. 
.• 
.E 
.= 
10 
c: 
BLANK 
0'E- 
O 


9 
> 
Clock 
Delay 
a. 
c. 
:J 
23 
(fJ 
SYNC 


VEE1 
4,22 
MC10320 
MC10320·1 


Note: 
Electrical Characteristics are tested with both single and dual supply configurations at the typical supply voltages listed in the "Recommended 
Operating Limits." Input levels are TTL or EeL, as appropriate. Threshold control input is set at VCC1, or VEE1, as appropriate. Exceptions to 
these conditions are noted in the Characteristics. 


(7) 


Blank~ 
Level 


(7) 
"..,J 
Level 


Sync 
Level 


Notes: 
tDS 
measured 
from::!: 
1/2 lSB 
to 
::!: 1/2 LSB. 


tOPD 
measured 
to output's 
50% 
point. 


All PClK 
measurements 
are 
made 
to/from 
the 
appropriate 
TTL 
or EeL 
threshold 
of the 
PClK. 
tSPD 
measured 
from 
SYNC 
threshold 
to output 
50% 
point. 


twSD---- 
twpw------ 


Symbol 
Pin 
Description 


WR 
1 
Write 
Enable 
(Red) - 
Taking 
this 
pin 
low 
enables 
the data (Pins 25-281 to be writ1en 
into 
the 
selected 
address 
location 
for the 
RED look-up 
table. 
The data 
is latched 
in 
the RAM when 
the pin is high. 


WG 
2 
Write 
Enable 
(Green) 
- 
Same 
as Pin 
1. 
except 
for the GREEN table. 


W8 
3 
Write 
Enable 
(Bluel 
- 
Same 
as 
Pin 
1. 


except 
for the BLUE table. 


VEE1 
4 
Power 
supply 
pin for all circuitry 
prior 
to 
the 
supply 
option 
translators 
(See 
Block 
Diagram). 
This 
is the 
reference 
for 
VCC1. 
and is typically 
5.0 volts below 
it. Internally 


it is connected 
to Pin 22. This 
pin and 
Pin 
22 must 
be connected 
externally 
for proper 


operation. 


AO-A3 
5-8 
Address 
lines - 
They 
are 
used 
to select 
one 
of sixteen 
12·bit 
words 
in the 
color 
look-up 
table for both 
reading 
and writing. 
The address 
is latched 
on the PCLK rising 
edge. 
and 
presented 
to the 
DACs 
on the 
following 
rising 
edge. 
Pin 5 is A3 (MSB). 
and Pin 8 is AO (LSBI. 


PCLK 
9 
Pixel clock - 
Address 
and BLANK 
signals 
are latched 
on the rising 
edge of this clock. 


The following 
rising edge presents 
the data 
in 
the 
look-up 
table 
(of 
the 
selected 
address) 
to the DACs. SYNC is independent 


from 
PCLK. 


BLANK 
10 
Blanking 
- 
A logic low overrides 
the color 
look-up 
table. 
and forces 
the three 
DACs to 
the 
blanking 
level. 
The 
BLANK 
input 
is 
latched, 
the same 
as the address 
lines. 


ThCntl 
11 
Threshold 
Control 
- 
When 
tied 
to VCC1. 


the PCLK. AO-A3. 
and BLANK inputs 
are at 
ECL levels with 
respect to VCC1. When tied 
to VEE1 (Pin 4 or 22). the same 
inputs 
are 
at TTL levels with 
respect 
to VEE1. 


VEE2 
12 
Power 
supply 
pin 
for 
the 
circuitry 
to the 
right of the supply option translators 
(See 
Block 
Diagram). 
This 
is the 
reference 
for 
VCC2. and is typically 
5.0 volts 
below 
it. It 
is internally 
connected 
to Pin 20. This 
pin 
and Pin 20 must 
be connected 
externally. 


VB 
13 
The output 
of the BLUE 4-bit 
DAC. Output 
compliance 
is ± 2.0 volts 
with 
respect 
to 
VCC2. 
and 
output 
impedance 
is typically 
100 kfl. 
Designed 
for a typical 
load of 37.5 
fl. 
the 
load 
may 
be between 
0 and 75 fl. 


The output 
is a current 
sink. 


VB 
14 
The 
complementary 
output 
of 
the 
BLUE 


DAC. This output 
may be used in conjunc- 
tion 
with 
Pin 
13 
for 
twisted 
pair 
signal 
transmission 
or 
for 
custom 
interface 
schemes. 
If unused, 
it must be tied to VCC2. 


Symbol 
Pin 
Description 


VG 
15 
Same as Pin 13. except for the GREEN DAC. 
The 
SYNC 
signal 
appears 
at this 
output. 
Waveform 
polarity 
is "sync 
down." 


VG 
16 
Same as Pin 14. except for the GREEN DAC. 
The 
SYNC 
signal 
appears 
at this 
output. 
Waveform 
polarity 
is "sync 
up." 


VR 
17 
Same 
as Pin 13. except 
for the RED DAC. 


VR 
18 
Same 
as Pin 14. except 
for the RED DAC. 


VCC2 
19 
Power 
supply 
pin 
for 
the 
circuitry 
to the 


right 
of the supply 
option 
translators 
(See 


Block 
Diagram). 
Its reference 
is VEE2. and 
is nominally 
5.0 volts 
more 
positive 
than 


VEE2· 


VEE2 
20 
Power 
supply 
pin 
for 
the 
circuitry 
to tha 
right 
of the supply 
option 
translators 
(See 
Block 
Diagram). 
This 
is the 
reference 
for 
VCC2. and is typically 
5.0 volts 
below 
it. It 
is internally 
connected 
to Pin 12. This 
pin 


and Pin 12 must 
be connected 
externally. 


RSH 
21 
Current 
setting 
resistor 
- 
A user supplied 
low inductance 
resistor 
is to be connected 
between 
VCC2 and this pin to set the DAC's 
full 
scale current. 
An RSET of 1.0 kfl. 
com- 
bined 
with 
load resistors 
of 37.5 fl (at Pins 
13,15,17) 
provides 
output 
signals 
consis- 
tent with 
EIA-343-A. 
The RSET resistor 
is to 
be between 
500 fl to 2.0 kfl. The voltage 
at 
this 
pin is 1.25 volts 
below 
VCC2. 


VEE1 
22 
Power 
supply 
pin for 
all circuitry 
prior 
to 
the 
supply 
option 
translators 
ISee 
Block 


Diagram). 
This 
is the 
reference 
for 
VCC1. 
and is typically 
5.0 volts 
below 
it. Internally 
it is connected 
to Pin 4. This pin and Pin 4 
must 
be connected 
externally 
for 
proper 
operation. 


SYNC 
23 
A logic Iowan 
this input 
forces 
the GREEN 
DAC to increase 
its output 
current 
by 7.6 


mA 
(RSET = 
1.0 kfll. 
providing 
the 
sync 
level of 286 mV (RL = 37.5 fl) below 
blank- 
ing. 
The 
BLANK 
input 
must 
have 
been 
asserted 
previously. 
SYNC 
is independent 
of PCLK. 


VCC1 
24 
Power supply 
pin for the circuitry 
to the left 
of the supply 
option 
translators 
(See Block 


Diagram). 
Its reference 
is VEE1, and is nom- 
inally 
5.0 volts 
more 
positive 
than 
VEE1. 


DO-D3 
25-28 
Data 
inputs 
- 
Information 
on these 
pins 
is written 
into the color 
look-up 
table, 
at 
the locations 
specified 
by the address 
lines. 
by taking 
the appropriate 
Write 
pin 
low. 
Pin 28 is DO (LSBI. and Pin 25 is D3 
(MSBI. 


GENERAL 
The MC10320 is a triple 
video 
DAC, with 
a 16 loca- 


tion 
color 
palette 
RAM, designed 
for high resolution 
graphics 
systems. 
The maximum 
pixel 
speed capa- 
bility 
is 125 MHz for the MC10320, and 90 MHz for the 
MCl 0320-1. The input 
configurations 
are compatible 
with TTL or ECL systems, 
and the outputs 
are directly 
compatible 
with 
monitors 
having 
50 n or 75 n RGB 
inputs. Using the external 
components 
recommended 
in this data sheet, the outputs 
will cOf'form to EIA-343- 
A levels. The output 
levels are adjustable 
by means 
of the RSET resistor. 


The MC10320 contains three 4-bit DACs whose inputs 
are fed from a color palette RAM (data is loaded by the 
user). The 
RAM contains 
16 locations 
(each 12 bits 
wide). 
Each 4-bit nibble 
of each RAM address can be 
individually 
loaded, so that every address location can 
have anyone 
of a possible 4096 codes. The DAC output 
levels are determined 
by the contents 
of the selected 
RAM address (by means of the address inputs). 
The MC10320 contains an input register to accept the 
address and Blanking 
information, 
and a second reg- 
ister located between the RAM and the DAC inputs. This 
arrangement 
ensures that the RAM data is presented to 
the 3 DACs simultaneously, 
which ensures the DAC out- 
puts will 
transition 
simultaneously. 
The registers 
are 
toggled 
by the PCLK input's 
rising edge. 


The BLANK input overrides the RAM data to the DACs, 
and forces the outputs to the Blanking level. The SYNC 
input 
goes directly 
to the Green DAC, bypassing 
the 
RAM and the latches, forcing 
the green DAC output to 
shift. The combination 
of BLANK and SYNC produce 
the video sync level. 


Referring to the Block Diagram, the input stage (cir- 
cuitry to tne left of the Supply Option Translators) 
and 
the output stage (to the right of the Translators) can be 
operated at different 
supply voltages. The only restric- 


tion 
is that the output 
stage cannot 
be more positive 
than the input stage. 


INPUTS 


Address, 
PCLK, BLANK 
The Address, 
PCLK (pixel clock). and BLANK inputs 
are the "high 
speed" 
inputs capable of the maximum 
pixel clock rates mentioned 
above. The Address 
and 
BLANK are latched into the input register on the rising 
edge of the PCLK, as long as the required 
setup and 
hold times are adhered to. The data at that RAM address 
(or the 
BLANK signal) 
is then 
presented 
to the DAC 
inputs on the next PCLK rising edge. 
The BLANK input, 
when 
taken to a Logic "0" 
and 
clocked in as described 
above, will 
override 
the RAM 
data presented to the DACs, and force the 3 DAC outputs 
to the Blanking level (see Figure 2). 


These 6 input pins can accept either TTL or ECL sig- 
nals. With the Threshold Control pin (Pin 11) connected 
to VEE1, the inputs are TTL compatible 
with respect to 
VEE1, having 
a nominal 
threshold 
of 1.5 volts 
above 


VEE1, independent 
of VCC1. With Pin 11 connected to 
VCC1, the inputs 
are fully 
compatible 
with 
the 10KH 
family 
of ECL devices, having a nominal 
threshold 
of 
1.3 volts below VCC1' independent 
of VEE1. 
Figure 3 depicts a typical 
input stage configuration, 
and Figure 4 indicates the typical input current. Figure 
4 applies to both ECL and TTL modes of operation. The 
inputs should be kept within the range of VEEl to VCC1' 
If an input is taken more than 0.3 volt below VEE1' or 
more than 0.5 volts above VCC1, excessive currents will 
flow through that input, and the DAC output waveforms 
will be distorted. 


SYNC 
The SYNC input goes directly to the green DAC, inde- 
pendent of the clock. When taken to a Logic "0", 
the 
output current at VG is forced to increase by 6.1 x ISET- 
For a standard 
EIA-343-A system, the shift is 7.63 mA, 


resulting 
in a 286 mV change in the output voltage. The 
SYNC input does not override the RAM data, requiring 
that the BLANK input 
have been asserted (Logic "0") 
previously 
in order to obtain a proper video sync level. 


The SYNC input does not affect the red or blue DACs. 


The SYNC input 
is always 
TTL compatible, 
with 
a 
nominal threshold 
of 1.5 volts above VEE1' independent 
of VCC1. 
Figure 3 depicts the input 
stage configuration, 
and 
Figure 4 indicates the typical 
input current. The input 
should be kept within the range of VEEl to VCC1. If the 
input is taken more than 0.3 volt below VEE1' or more 
than 0.5 volts above VCC1, excessive currents will flow 
through 
the input, and the DAC output waveforms 
will 
be distorted. 


DATA (1-4), WR, WB, WG 
The data (DO, Dl, D2, D3), and WRITE inputs are the 


"low 
speed" 
inputs, as they do not have to operate at 
the same high speed as the above mentioned 
inputs. 
These inputs 
are independent 
of the PCLK, although 
they are normally 
used in conjunction 
with the clock. 


Pins 25-28 
are the data inputs to the color 
palette 
RAM, and are used for updating the RAM information. 
The information 
is written 
into the RAM at the address 
which 
was previously 
clocked into the input 
register, 


while 
the appropriate 
WRITE input 
is low, and then 
latched 
in when the WRITE input 
is taken high. The 
required 
data setup and hold times (mentioned 
in the 
Timing 
Characteristics) 
are with 
respect to the rising 
edge of the WRITE input. If the same data is to be loaded 
into 
different 
nibbles 
(color 
sections) 
of the 
same 
address, the appropriate 
WRITE inputs 
may be taken 
low simultaneously, 
or sequentially. 
WR, WB, and WG 
control the loading of data into the red, blue and green 
nibbles respectively. 
The data and WRITE inputs are always TTL compat- 
ible, with a nominal threshold 
of 1.5 volts above VEE1, 
independent 
of VCC1. 


In most applications, 
it will 
be advantageous 
to set 
the Blanking level while updating 
the RAM. If Blanking 
is not set, the DAC outputs 
will change unpredictably 
while new data is being written 
into the RAM. 


Figure 3 depicts a typical 
input stage configuration, 
and Figure 4 indicates 
the typical 
input 
current. 
The 
inputs should be kept within the range of VEE1 to VCC1. 
If an input is taken more than 0.3 volt below VEE1, or 
more than 0.5 volts above VCC1, excessive currents will 
flow through 
the input, and the DAC output waveforms 
will be distorted. 
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THRESHOLD 
CONTROL 
The Threshold 
Control 
input 
(Pin 11) is to be con- 
nected directly 
to VCC1 to set Pins 5-10 to ECl com- 
patibility, 
or directly 
to VEE1 to set the pins to TTl 
compatibility. 
A series 
resistor 
should 
not 
be used 
with this input, and it should not be connected 
to any 
other 
voltage 
as an incorrect 
threshold 
will 
result 
at 
Pins 5-10. Bias current 
at Pin 11 is approximately 
400 
p.A out of the pin when 
at VEE1, and 0 p.A when 
at 
VCC1. If the pin 
is taken 
more 
than 
0.3 volt 
below 
VEE1, excessive currents 
will flow through 
this input, 
and the DAC output 
waveforms 
will 
be distorted. 


OUTPUTS 
The six DAC outputs (VB, VB, VG, VG, VR, VR) at Pins 
13-18 are high impedance 
current 
sink outputs, 
with 
the current flow 
into the pins, never out. VG, VB, and 
VR provide the conventional 
video polarity (sync down), 
while the complementary 
outputs 
provide a "sync up" 
waveform. 
The output 
loads must be connected 
from 
the outputs 
to VCC2, or to a pullup voltage, 
such that 
the output 
voltages 
are within 
± 2.0 volts 
of VCC2. 


Unused outputs 
must 
be connected 
to VCC2, and not 
left open. 
The output current (for the gray scale) at Pins 13, 15, 


and 17 is related to the digital inputs (of the DACs) and 
the reference current 
(lSET at Pin 21, equal to 1.25 VI 


RSET) by the following 
equation: 


I 
_ (15-A) x ISET x 14.63 
OUTIGS) - 
16 


where A = binary value of the digital 
input 
(0-15). A 
digital 
input of 1111 (15) produces 
no output 
current, 


and therefore the most positive output voltage, referred 
to as "Reference 
White." 
An input 
code of 0000 (0) 
results in the maximum 
current, and therefore 
the gray 
scale's 
most 
negative 
output 
voltage, 
referred 
to as 
"Reference 
Black." 
After the BLANK input is asserted and clocked in as 


described above, the RAM data to the DACs is overriden, 
and the output current is set at: 


When the SYNC input is asserted, the output current 
at VG is increased by: 


The four 
outputs 
of the red and blue DACs are not 
affected 
by SYNC. The current 
increase at VG results 
regardless 
of the digital 
input 
to the Green DAC. To 
obtain 
the correct 
(EIA-343-AI sync level, the BLANK 
output 
level must have previously 
been set. Otherwise 
the green output will simply shift by the above amount 
from the grey scale level in effect at the time the SYNC 
input 
was 
asserted. 
If both 
BLANK 
and 
SYNC 
are 
asserted, the output current at VG is: 


The sum of the currents 
into each pair of outputs 
is 
a constant 
equal to [20.93 x ISETI for the VGNG pair, 
and [14.824 x ISETI for the VRNR, and VBNB 
pairs. 
Table 1 summarizes 
the above information. 


The voltage 
levels generated 
at the outputs 
depend 
on the value of ISET and the load impedance. An RSET 
of 1.0 kfl (lSET = 1.25 mAl. and a load of 37.5 fl (doubly 
terminated 
75 fl system) at each output 
will 
generate 
the standard EIA-343-A levels. The output voltages must 
be kept within 
the range of + 2.0 to 
- 2.0 volts 
with 
respect to VCC2. If any part of the output's 
waveform 
is outside this range, its linearity 
will be affected. 


Video 
Output Current (mAl at: 


level 
VR,VB 
VG 
VR,VB 
VG 


Gray Scale 
C15-AI x ISET) 
Same 
as 
CAI x ISET + 1.061 
) 
CAI x ISET + 7.17 ISET) 


1.09 
VB. VR 
1.09 
SET 
1.09 


Blank 
ISETx 14.824 
Same 
as 
o mA 
ISETx 6.1 
VB,VR 


Sync + Blank 
ISETx 14.824 
ISETx 20.93 
o mA 
o mA 


REFERENCE VOLTAGE 
(RSET) 
The reference 
current 
for the DACs is supplied 
from 
an internal 
band-gap 
reference 
with 
a typical 
TC of 


~ ± 50 ppml"C. The voltage 
at RSET (Pin 21) is a con- 
stant 1.25 volts 
below VCC2, and an external 
resistor 
RSET is to be connected 
from 
VCC2 to Pin 21. The 
current 
ISET is therefore 
equal to 1.25 V/RSET. Inter- 


nally, 
equal 
reference 
currents 
are supplied 
to the 
three DACs such that their outputs 
are matched within 


±3.0%. 
RSET should 
normally 
be between 500 0 and 2.0 kO. 
With 
values 
less than 
500 0, the current 
at Pin 21 
approaches 
an upper 
limit, 
resulting 
in a nonlinear 


relationship 
for 
the 
MC10320. 
With 
values 
greater 
than 
2.0 kO, instability 
and oscillations 
of the refer- 
ence amplifier 
will 
result. 
For this 
reason, current 
to 
Pin 21 should 
not be supplied 
from 
a current 
source. 
Additionally, 
the resistor 
should 
be noninductive 
(non-wirewound). 
Metal film 
resistors, 
available 
with 
low TCs, are recommended. 
The resistor 
should 
be 
physically 
adjacent to the MC10320 to avoid the induc- 
tive effects of long PC board tracks. Figure 5 indicates 
the voltage/current 
characteristics 
at Pin 21. 


~ 
1.26 
g 
-- 


~ 
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POWER SUPPLIES 
The MC10320 may be used in a single or dual supply 
system, 
depending 
on the system logic levels, and/or 
the output 
requirements 
(See the Applications 
Sec- 
tion), 
Table 2 indicates 
permissable 
configurations. 
The only restriction 
is that the output stage (VCC2NEE2) 
cannot be more positive than the input stage. The pos- 
itive supplies 
may range from 
+4.5 to +5.5 volts, and 
negative supplies may range from 
-4.5 
to - 5.72 volts. 


System 
VCCl 
VEEl 
VCC2 
VEE2 


Single Supply 
+5.0 V 
Gnd 
+5.0 V 
Gnd 


Single Supply 
Gnd 
-5.0 V 
Gnd 
-5.0 V 


Dual Supply 
+5.0 V 
Gnd 
Gnd 
-5.0 V 


The current 
requirement 
for the input stage (lCC1) is 
typically 
50 mA, and the majority 
of that current 
(+ 0, 
-4.0 
mAl flows out of VEE1. The current 
requirement 
for the output 
stage (lCC2) is typically 
28 mA. Out of 
VEE2 flows 
that 
current, 
plus the current 
due to the 
outputs 
and ISET. In a typical 
application 
the output 
currents total ~63 mA, and ISET is ~1.25 mA, giving a 
total IEE2 of ~92 mA. 


The minimum 
voltage at VCC1 for memory 
retention 
is ~ 1.5 volts. 


Proper bypassing 
of the supplies 
at the IC is critical 
due to the 
high 
frequencies 
involved. 
Further 
infor- 
mation can be found in the Applications 
section. 


TIMING 
Timing diagrams for the Read (display) mode and the 
Write (RAM update) mode are shown 
in Figure 2. 


In the READ mode, the clock may be any frequency 
up to 125 MHz for the MC10320, and up to 90 MHz for 
the MC10320-1. Duty cycle is not important 
as long as 
the minimum 
low and high times are observed. On each 
clock's rising edge, a new address is clocked in, and the 
previous 
address' 
information 
is supplied 
to the DACs 
from the look-up table. If the BLANK line is taken to a 
Logic "0", 
it will override the information 
to the DACs 
on the next clock rising edge, and the 3 DACs will 
be 
taken to the blanking level. The SYNC input, when taken 
to a Logic "0", 
drives the Green DAC directly with only 
a small 
internal 
propagation 
delay. The output 
of the 
Green DAC will 
then change with 
respect to the last 
address input. For this reason, the SYNC input should 
normally 
be used only after asserting the BLANK input. 


In the WRITE mode, the clock is used only to enter 
the address where the new data is to be written. 
The 
PCLK input may continue to toggle if the address inputs 
are stable during the write period, or the clock may be 
stopped while writing. 
Data is then entered into each of 
3 color sections of that address by taking low the appro- 
priate WRITE lines (WR, WG, WB). If the same four bits 
are to be stored in different 
color locations of the same 
address, the appropriate 
WRITE lines may be taken low 
simultaneously. 
If the BLANK input is held low during 
the Write operation, 
the DAC outputs 
will be held in a 
known state. 


II 


POWER SUPPLIES, 
GROUNDING 
The PC board 
layout, and the quality 
of the power 
supplies 
and the ground 
system 
at the 
IC are very 
important 
in order to obtain 
proper operation. 
Noise, 


from 
any source, coming 
into the device can result in 
an incorrect 
output 
due to interaction 
with the analog 
portion ofthe 
circuit. At the same time, noise generated 
within the MC10320 can cause incorrect operation if that 
noise does not have a clear path to ac ground. 
The power supply pins at both the input and output 
sections of the MC10320 must be decoupled to ground 
at the IC (within 
1" max) with a 10 ILF tantalum 
and a 
0.1 ILFceramic. Tantalum capacitors are recommended 
since 
electrolytic 
capacitors 
simply 
have 
too 
much 
inductance at the frequencies 
of interest. The quality of 
the VCC and VEE supplies 
should then be checked at 
the ICwith a high frequency scope. Noise spikes (always 
present among 
digital 
circuits) 
can easily exceed 400 
mV peak, and if they get into the analog portion of the 
IC, the output 
waveforms 
can be disrupted. 
Noise can 
be reduced 
by inserting 
resistors 
and/or 
inductors 
between the supplies and the IC. 


If switching 
power supplies are used, there will usu- 


ally be spikes of 0.5 volts or greater at frequencies 
of 
50-200 kHz. These spikes are generally more difficult 
to 
reduce 
because 
of their 
greater 
energy 
content. 1n 
extreme 
cases, 3-terminal 
regulators 
(MC78L05ACP, 


MC7805.2CT). with appropriate 
high frequency filtering, 
should be used and dedicated to the MC10320. 
The ripple content 
of the supplies 
should 
not allow 
their 
magnitude 
to exceed the values 
in the Recom- 
mended Operating 
Limits. 
The PC board tracks supplying 
VCC and VEE to the 
MC10320 should preferably 
not be at the tail end of the 
bus distribution, 
after passing through a maze of digital 
circuitry. 
The MC10320 should 
be close to the power 
supply, 
or the connector 
where 
the supply 
voltages 
enter the board. If the VCC and VEE lines are supplying 
considerable 
current to other parts of the board, then 
it is preferable to have dedicated lines from the supply 
or connector 
directly to the MC10320. 
The two 
VEE1 pins (4 and 22) must 
be connected 
directly 
together. 
Likewise, the two VEE2 pins (12 and 
20) must be connected directly together. Any long path 
between them can cause stability 
problems 
due to the 
inductance 
(@ 125 MHz) of the PC tracks. The ground 
return for the analog signals must be noise free. 


PC Board Layout 
Due to the high frequencies 
involved, 
and in partic- 
ular, the fast edges of the various digital signals, proper 
PC board layout is imperative. 
A solid ground 
plane is 
necessary in order to have known transmission 
char- 
acteristics, and also to minimize 
coupling 
of the digital 
signals 
into the analog section. 
Use of wire wrapped 
boards should definitely 
be avoided. 
Each PC track should 
be considered 
a transmission 
line, and if they are of any considerable 
length (more 


than a few inches), they should be terminated 
according 
to transmission 
line theory. Otherwise 
reflections 
back 
to the signal sources can occur, disrupting 
their oper- 
ation. 
Additionally, 
the 
overshoots 
and 
undershoots 
which will occur at the MC10320's input pins can cause 
its operation 
to be disrupted, 
resulting 
in an incorrect 
output. 


Additional 
information 
regarding 
the transmission 
characteristics 
of PC board 
tracks 
can be found 
in 
Motorola's 
MECL 
System 
Design 
Handbook 
(HB205R1). 


Input Configurations 
The unique 
configuration 
of the MC10320's 
power 
supply system permits 
its use in an all TTL, or all ECL, 


or mixed 
TTLlECL environments, 
with 
the secondary 
capability of having the output levels be above or below 
ground. 
For standard TTL inputs refer to Figure 7. For 
systems using "above ground ECL" (ECL circuitry 
oper- 
ated between ground and + 5.0 volts, rather than - 5.2 
volts), refer to Figure 8. The MC10H350 translators 
will 
change the above ground 
ECL levels to the TTL levels 
required 
by the SYNC, Data and WRITE inr,uts, while 
the Threshold 
Control 
will 
set the thresholds 
of the 
Address, Clock and BLANK inputs to the ECL levels. For 
standard 
(below ground) 
ECL levels, refer to Figure 9. 


Since VCC2 cannot 
be more positive 
than VCC1, they 
are both connected to ground 
level in this case. 
In the case where 
all inputs 
are above ground, 
but 
the 
low speed 
inputs 
(Data, WRITE, and SYNC) are 
conne:ted 
to TTL circuits, while the high speed inputs 
are con"ected 
to above grour.d 
ECL circuits, 
refer to 
Figure 10. In the case where the low speed inputs are 
connected 
to standard 
TTL, and the high speed inputs 
are connected 
to standard 
(below ground) 
ECL, refer 
to Figure 11. 


Output 
Configurations 
The output 
waveforms 
may 
~3 
above 
or below 
ground, depending on the choice of supply voltages for 
VCC2 and VEE2, but the output 
voltages 
are always 
referenced to VCC2. In Figure 12, the outputs 
are ref- 
erenced to + 5.0 V, and produce a 1.0 volt POpwaveform 
when used with a doubly terminated 
75 fi load, and an 
RSET of 1.0 kfi. The + 5.0 volt supply is the "ac ground" 
in this case. If the outputs must be referenced to system 
ground 
rather than the + 5.0 volt supply, the circuit of 
Figure 13 will provide the required level shifting. 
Figure 
14 provides ground 
referenced outputs with a range of 
o to -1.0 
volt. In Figure 15, the outputs 
are pulle'd up 
to a voltage 
different 
from 
VCC2, providing 
an offset 
(+ 1.0 volt offset in the figure). 
In Figure 15 the com- 
plementary 
outputs 
should 
be connected 
to the + 1.0 
volt pullup voltage. The voltage at VR, VG, and VB (and 
the complementary 
outputs) 
must always lie within the 
ra!1ge of ± 2.0 volts with respect to VCC2. 


Figure 6 illustrates 
the output 
voltage 
range, with 
respect to VCC2 or a pullup voltage, of the six outputs 
(RL = 37.5 fi, RSET = 1.0 kfi): 
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BANDGAP REFERENCE- 
A temperature 
stable voltage 
reference circuit based on the predictable 
base-emitter 
voltage 
of a transistor. 


BIPOLAR 
INPUT/OUTPUT 
- 
A mode 
of operation 
whereby 
the analog 
input 
(of an AID). or output 
(of a 
DAC), includes 
both 
negative 
and 
positive 
values. 


Examples are - 5.0 to + 5.0 V, - 2.0 to + 8.0 V, etc. 


DAC CURRENT GAIN - 
The internal 
gain 
the 
DAC 
applied 
to the reference 
current 
to determine 
the full 
scale output 
current. The actual maximum 
current out 
of a DAC is one LSB less than the full scale current. 


DIFFERENTIAL GAIN - 
In video 
systems, 
differential 
gain is a component's 
change in gain as a function 
of 
luminance 
level. In a color 
picture, 
saturation 
will 
be 
distorted 
if the differential 
gain is not zero. 


DIFFERENTIAL 
NON-LINEARITY 
- 
The maximum 
deviation 
in the actual step size (one transition 
level to 
another) from the ideal step size. The ideal step size is 
defined as the Full Scale Range divided by 2n. This error 
must be within 
± 1 LSB for proper operation. 


DIFFERENTIAL PHASE - 
In video systems, differential 
phase is the change 
in the phase modulation 
of the 
chrominance 
signal as a function of the luminance 
level. 


The hue in a color picture will be distorted 
if the differ- 
ential phase is not zero. 


FULL SCALE RANGE (Actual) - 
The difference between 
the actual minimum 
and maximum 
end points of the 
analog input (of an AID). or output 
(of a DAC). 


FULL SCALE RANGE (Ideal) - 
The difference 
between 
the actual minimum 
and maximum 
end points 
of the 
analog input (of an AID), or output (of a DAC), plus one 
LSB. 


GAIN ERROR - 
The difference 
between the actual and 
theoretical 
gain (end point to end point), with 
respect 
to the reference, of a data converter. 
The gain error is 
usually expressed in LSBs. 


GLITCH AREA - 
The energy content of a glitch, spec- 
ified in volt-seconds. 
It is the area under the curve of 
the glitch waveform. 


GREY CODE - 
Also known as reflected 
binary code, it 
is a digital 
code such that each code differs from adja- 
cent codes by only one bit. Since more than one bit is 
never changed at each transition, 
race condition 
errors 
are eliminated. 


INTEGRAL NON-LINEARITY - 
The maximum 
error of 
an AID, or DAC, transfer function 
from the ideal straight 
line connecting 
the analog end points. This parameter 
is sensitive 
to dynamics, 
and test conditions 
must be 
specified 
in order to be meaningful. 
This parameter 
is 
the best overall indicator 
of the device's 
performance. 


LSB - 
Least Significant 
Bit. It is the lowest order bit of 
a binary code. 


LINE REGULATION - 
The ability of a voltage 
regulator 
to maintain 
a certain output voltage as the input to the 
regulator 
is varied. The error is typically 
expressed 
as 
a percent of the nominal 
output 
voltage. 


LOAD REGULATION - 
The ability of a voltage regulator 
to maintain 
a certain output voltage as the load current 
is varied. The error is typically 
expressed 
as a percent 
of the nominal 
output voltage. 


MONOTONICITY 
- 
The characteristic 
of the .ransfer 
function 
whereby 
increasing the input code (of a DAC), 
orthe input signal (of an AID), results in the output never 
decreasing. 
Non-monotonicity 
occurs if the differential 
non-linearity 
exceeds -1 
LSB. 


MSB - 
Most Significant 
Bit. It is the highest order bit 
of a binary code. 


NATURAL BINARY CODE - 
A binary code defined by: 


N = An2n + ... 
+ A323 + A222 + A121 + A020 


where each "A" 
coefficient 
has a value of 1 or O. 


OFFSET BINARY CODE - 
Applicable 
only to bipolar 
input (or output) 
data converters, 
it is the same as Nat- 


ural Binary, except that all zeroes corresponds 
to the 
most negative output voltage (of an DAC), while all ones 
corresponds 
to the most positive 
output. 


OUTPUT COMPLIANCE - 
The maximum 
voltage range 
to which 
the DAC outputs 
can be subjected, 
and still 
meet all of the specifications. 


POWER SUPPLY REJECTION RATIO - 
The ability 
of a 
device to reject noise and/or ripple on the power supply 
pins from 
appearing 
at the outputs. 
An ac measure- 
ment, 
this 
parameter 
is usually 
expressed 
in dB 
rejection. 


POWER SUPPLY SENSITIVITY - 
The change in a data 
converters 
performance 
with changes in the power sup- 


ply voltage(s). A dc measurement, 
this parameter is usu- 
ally expressed 
in percent of full scale versus a percent 
change in the power supply voltage. 


PROPAGATION 
DELAY - 
For a video 
DAC, the time 
from when the clock input crosses its threshold to when 
the DAC output(s) 
reach the 50% point of the transition. 


QUANTITIZATION 
ERROR - 
Also known as digitization 
error or uncertainty. 
It is the inherent error involved 
in 
digitizing 
an analog signal due to the finite number of 
steps at the digital output versus the infinite number of 
values at the analog input. This error is a minimum 
of 


:!:1/2 LSB. 


RESOLUTION 
- 
The smallest change which can be dis- 
cerned by an AID converter, 
or produced 
by a DAC. It 
is usually expressed as the number of bits, n, where the 
converter 
has 2n possible states. 


SAMPLING 
THEOREM 
- 
Also known 
as the Nyquist 
Theorem. 
It states that the sampling 
frequency 
of an 
AID must be no less than 2x the highest frequency 
(of 


Interest) ot toe analog signal to oe DigitizeD In orDer to 
preserve the information 
of that analog signal. 


SETTLING 
TIME - 
For a video DAC, the time required 
for the output to change (and settle in) from an initial 
:!:1/2 LSB error band to the final:!: 
1/2 LSB error band. 


TWO'S 
COMPLEMENT 
CODE - 
A binary code appli- 
cable to bipolar 
operation, 
in which 
the positive 
and 
negative codes of the same analog magnitude 
sum to 
all zeroes, plus a carry. It is the same as Offset Binary 
Code, with the MSB inverted. 


UNIPOLAR 
INPUT - 
A mode of operation whereby the 
analog 
input 
range (of an AID), or output 
range (of a 
DAC), includes values of a single polarity. Examples are 
oto 
+10V,oto 
-5.0 
V, +2.0 to +8.oV,etc. 


@ MOTOROLA 
MC13001XP 
MC13002XP 


MONOMAX 
BLACK AND WHITE TV 
SUBSYSTEM 


MONOMAX 
BLACK AND WHITE TV SUBSYSTEM 
The MONOMAX 
is a single-chip 
IC that will 
perform 
the elec- 
tronic functions 
of a monochrome 
TV receiver, with the exception 
of the 
tuner, 
sound 
channel, 
and 
power 
output 
stages. 
The 
MC13001XP 
and 
MC13002XP 
will 
function 
as drop-in 
replace- 


ments for MC13001P and MC13002P, but some external 
IF com- 
ponents can be removed for maximum 
benefit. IF AGC range has 
been increased, video output 
impedance 
lowered, 
and horizontal 
driver output 
current 
capability 
increased. 


• 
Full Performance 
Monochrome 
Receiver with Noise and Video 
Processing - 
Black Level Clamp, DC Contrast, 
Beam Limiter 


• 
Video IF Detection 
on Chip - 
No Coils, No Pins, except Inputs 
• 
Noise Filtering 
on Chip - 
Minimum 
Pins and Externals 
• 
Oscillator 
Components 
on Chip - 
No Precision Capacitors 
Re- 


quired 
• 
MC13001XP for 525 Line NTSC and MC13002XP for 625 Line 
CCIR 
• 
Low Dissipation 
in All Circuit Sections 
• 
High-Performance 
Vertical 
Countdown 


• 
2-Loop Horizontal 
System with 
Low Power Start-Up 
Mode 
• 
Noise Protected Sync and Gated AGC System 
• 
Designed to work with TDA 1190P or TDA3190P Sound IF and 
Audio Output 
Devices 
• 
Reverse RFAGC Types are Available: 
MC13008XP, MC13009XP 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUITS 


PSUFAX 


PLASTIC 
PACKAGE 
CASE 
710-02 


BLACK 
CLAMP 


CONTRAST 
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Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
- 
Pin 18 
VCC 
+16 
Vdc 


Power 
Dissipation 
PD 
1.0 
Watts 


Horizontal 
Driver 
Current 
- 
Pin 17 
IHOR 
-20 
mA 


RF AGC 
Current 
- 
Pin 
11 
IRFAGC 
20 
mA 


Video 
Detector 
Current 
- 
Pin 24 
IVID 
5.0 
mA 


Vertical 
Driver 
Current 
- 
Pin 22 
IVERT 
5.0 
mA 


Auxiliary 
Regulator 
Current 
- 
Pin 
19 
IREG 
35 
mA 


Thermal 
Resistance 
Junction-ta-Case 
R8JC 
60 
°CIW 


Maximum 
Junction 
Temperature 
TJ 
150 
°C 


Storage 
Temperature 
Range 
Tsta 
-65 
to 
+150 
°C 


Operating 
Temperature 
Range 
TA 
0° to 
+ 70 
°C 


Rating 
Symbol 
Value 
Unit 


Horizontal 
Output 
Drive 
Current 
IHOR 
"'10 
mA 


RF AGC 
Current 
IRFAGC 
"'10 
mA 


Regulator 
Current 
IREG 
"'20 
mA 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Current 
Pins 
18 & 19 
ICC 
44 
- 
76 
mA 


Regulator 
Voltage 
Pin 19 
VREG 
7.2 
8.2 
8.8 
Vdc 


Oscillator 
Frequency 
(Nominal) 
Pin 
12 
IHOR/NOMI 
13 
- 
19 
kHz 


Oscillator 
Sensitivity 
- 
230 
- 
HzlJAA 


Start-Up 
Frequency 
IHOR 
-10 
- 
+10 
0/0 


(118 = 4.0 mAl 


Oscillator 
Temperature 
Stability 
IHOR 
- 
50 
- 
Hz 


(0 '" TA '" 75°C) 


Phase 
Detector 
1 
1~1 
JAA 


(ChargelOischarge 
Current) 
(Non 
Standard 
Frame) 
:!:900 
(Standard 
Frame) 
:!:400 


Phase 
Detector 
1 
V~, 
- 
7.5 (Max) 
- 
Vdc 
(Output 
Voltage 
Limits) 
2.5 (Min) 


Phase 
Detector 
1 
- 
- 
2.0 
,..A 


(Leakage 
Current) 


Phase 
Detector 
2 
1~2 
- 
+ 1.0 
mA 
(Charge/Discharge 
Current) 
-0.6 
" 


Phase 
Detector 
2 
V~2 
7.7 (Max) 
Vdc 
(Output 
Voltage 
Limits) 
1.5 (Min) 


Phase 
Detector 
2 
- 
- 
3.0 
,..A 


(Leakage 
Current) 


Horizontal 
Delay 
Range 
18 (Max) 
p.S 


(Sync 
to Flyback) 
5.0 (Min) 


Horizontal 
Output 
Saturation 
Voltage 
V17/SAT) 
- 
- 
0.3 
Vdc 
(117 = 15 mAl 


Phase 
Detector 
1 (Gain 
Constant) 
pAJp.S 
(Out-aI-Lock) 
- 
5.0 
- 
(In-Lock) 
10 


Horizontal 
Pull-In 
Range 
:!:500 
+750 
Hz 


II 
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Symbol 
Mln 
Typ 
Ma. 
Unit 


Output Current 
Pin 22 
122 
-0.6 
- 
- 
mA 


Feedback Leakage Current 
Pin 21 
121 
- 
- 
6.0 
pA 


Ramp Retrace Current 
Pin 20 
120 
500 
- 
900 
pA 


Ramp Leakage Current 
Pin 20 
- 
- 
0.3 
pA 


Feedback Maximum Voltage 
V21 
- 
5.1 
- 
Vdc 


Regulator Voltage 
V4 
- 
7.5 
- 
Vdc 


Input Bias Voltage 
V26 
- 
4.2 
- 
Vdc 


Input Resistance 
RIN 
6.0 
kG 
Input Capacitance 
CIN 
2.0 
pF 
(VAGC Pin 8 = 4.0 V) 


Sensitivity 
- 
80 
- 
/<VRMS 
(V8 = 0 V, 400 Hz 30% MOD, V28 = 0.8 Vpp) 


Bandwidth 
- 
75 
- 
MHz 


Zero Carrier Voltage (See Figure 5) 
Pin 28 
- 
7.0 
- 
Vdc 


Output Voltage (See Figure 6) 
Pin 24 
- 
1.4 
- 
V 
White to Back Porch 


Differential Gain 
- 
6 
- 
% 
Differential Phase 
4 
Degrees 
(IRE Test Method) 


Contrast Bias Current 
Pin 26 
126 
- 
10 
- 
pA 


Contrast Control Range 
- 
14:1 
- 


Beam Limiting Voltage 
Pin 27 
V27 
- 
1.0 
- 
Vdc 


R.F.(Tuner) AGC Output Current 
I" 
5.0 
- 
- 
mA 
(V" 
= 5.5 V) 


AGC Delay Bias Current 
110 
- 
-10 
- 
pA 


AGC Feedforward Current 
19 
- 
1.0 
- 
mA 


AGC Threshold 
V28 
4.7 
- 
5.1 
Vdc 
(Sync Tip at Pin 28) 


Sync Separator Operating Point 
V7 
- 
4.2 
- 
Vdc 


Sync Separator Charge Current 
17 
- 
5.0 
- 
mA 
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The Video IF Amplifier 
is a four-stage 
design with 80 
/LV sensitivity. 
It uses a 6.2 V supply 
decoupled 
at Pin 
4. The first two stages are gain controlled, 
and to ensure 
optimum 
noise performance, 
the first stage control 
is 
delayed until the second stage has been gain reduced 
by 15 dB. To bias the amplifier, 
balanced dc feedback 
is used whicti is decoupled 
at Pins 2 and 6 and then fed 
to the input Pins 3 and 5 by internal 3.9 k resistors. The 
nominal 
bias voltage 
at these 
input 
pins is approxi- 
mately 4.2 Vdc. The input, because of the high IF gain, 
should 
be driven 
from 
a balanced differential 
source. 


For the same reason, 
care must be taken with 
the IF 
decoupling. 


The IF output 
is rectified 
in a full wave envelope de- 
tector and detector 
nonlinearity 
is compensated 
by us- 
ing a similar 
nonlinear 
element 
in a feedback output 
buffer amplifier. 
The detected 
1.9 VPOpvideo at Pin 28 
contains the sound intercarrier 
signal, and Pin 28 is nor- 
mally 
used as the sound takeoff 
point. The video fre- 
quency response, detector to Pin 28, is shown in Figure 
3 and the detector intermodulation 
performance 
can be 
seen by reference 
to 
Figure 4. Typical 
Pin 28 video 
waveforms 
and voltage 
levels are shown 
in Figure 5. 
The video processing 
section of Monomax 
contains 
a contrast 
control, 
black level clamp, 
a beam current 


limiter 
and composite 
blanking. 
The video signal first 
passes through 
the contrast 
control. 
This has a range 
of 14: 1 for a 0 V to 5.0 V change of voltage 
on Pin 26, 
which 
corresponds 
to a change of video amplitude 
at 
Pin 24 of 1.4 V to 0.1 V (black to white level). The beam 
current limiter 
operates on the contrast control, 
reduc- 
ing the video signal 
when the beam current 
exceeds 
the limit set by external components. 
As the beam cur- 
rent increases, the voltage 
at Pin 27 moves negatively 
from its normal value of 1.5 V, and at 1.0 V operates the 
contrast 
control, 
thus 
initiating 
beam limiting 
action. 
After the contrast 
control, 
the video is passed through 
a buffer 
amplifier 
and dc restored 
by the black level 
clamp 
circuit 
before 
being 
fed to Pin 24 where 
it ,is 
blanked. 
The black level clamp, 
which 
is gated "on" 
during 
the second 
half of the flyback, 
maintains 
the 
video black level at 2.4 V ± 0.1 V under all conditions, 
including 
changes in contrast, temperature 
and power 
supply. The loop integrating 
capacitor 
is at Pin 25 and 
is normally at a voltage of 3.3 V. The frequency response 
of the video 
at Pin 24 is shown 
in Figure 3 and it is 
blanked to within 
0.5 V of ground. 


The AGe loop is a gated system, and for all normal 
variations 
of the IF input signal maintains 
the sync tip 
of a noise filtered 
video 
signal at a reference voltage 


lEI 
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__ 
Contrast 


-- 
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(5.1 V Pin 28). The strobe for the AGC error amplifier 
is 
formed 
by gating 
together 
the flyback 
pulse with 
the 
separated 
sync pulse. Integration 
of the error signal is 
performed 
by the capacitor 
at Pin 8, which 
forms 
the 
dominant 
AGC time constant. 
Improved 
noise perfor- 
mance is obtained 
by the use of a gated AGC system, 
noise protected 
by a dc coupled noise canceling circuit. 


The false AGC lock conditions, 
which 
can result from 
this combination, 
are prevented 
by an anti lockout cir- 
cuit connected to the sync separator at Pin 7. AGC lock- 
out conditions, 
which occur due to large rapid changes 
of signal 
level are detected 
at Pin 7 and recovery 
is 
ensured 
under these conditions 
by changing 
the AGC 
into a mean level system. The voltage at Pin 10 sets the 
point at which tuner AGC takeover occurs and positive 
going tuner control, 
suitable 
for an NPN RF transistor, 
is available 
at Pin 11. The maximum 
output 
is 5.5 V at 
5.0 mA. A feed-forward 
output is provided at Pin 9. This 
enables the AGC control 
voltage 
to be ac coupled 
into 
the tuner takeover control at Pin 10. The coupling 
allows 
additional 
IF gain reduction 
during signal transient con- 
ditions, 
thus compensating 
for variations 
of AGC loop 
gain at the tuner AGC takeover 
point. 
In this way the 
AGC system stability 
and response are not degraded. 


The previously 
mentioned 
noise protection 
is effected 
by detecting 
negative-going 
noise spikes at the video 
detector 
output. 
A dc coupled 
detector 
is used which 
turns on when a noise spike exceeds the video sync tip 
by 1.4 V. This pulse is then stretched and used to cancel 
the noise present on the delayed video at the input to 
the sync separator. Cancellation 
is performed 
by blank- 
ing the video to ground. 
Complete 
cancellation 
of the 
noise spike results from the stretching 
of the blanking 
pulse and the delay of the noise spike at the input to 
the sync separator. Protection of both the horizontal 
PLL 
and the AGC stems from the fact that both circuits 
use 
the noise cancelled 
sync for gating. 
The composite 
sync is stripped 
from a delayed and 
filtered video in a peak detecting type of sync separator. 


The components 
connected to Pin 7 determine 
the slice 
and tilt levels of the sync separator. 
For ideal horizontal 
sync separation 
and to ensure correct operation 
of AGC 
anti-lockup 
circuit, 
a relatively 
short 
time 
constant 
is 
required 
at Pin 7. This time constant 
is less than opti- 
mum for good noise free vertical separation, 
giving 
rise 
to a vertical 
slice 
level 
near sync tip. 
An additional, 
longer, 
time-constant 
is therefore 
coupled 
to the first 
via a diode. With the correct 
choice of time constants, 


the diode is non conducting 
during the horizontal 
sync 
period, but conducts 
during 
the longer vertical 
period. 
This connects the longer time constant to the sync sep- 
arator for the vertical 
period 
and stops the slice level 
from 
moving 
up to the sync tip. The separated 
com- 
posite sync is integrated 
internally, 
and the time con- 
stant is such that only the longer period vertical 
pulses 
produce 
a significant 
output 
pulse. The output 
is then 
fed to the vertical 
sync separator, 
which 
further 
pro- 
cesses the vertical 
pulse and provides 
increased 
noise 
protection. 
The selection 
of the external 
components 
connected 
to the vertical 
separator 
at Pin 23 permits 
a 
wide range of performance 
options. 
A simple 
resistor 
divider from the 8.2 V regulated 
supply gives adequate 
performance 
for most conditions. 
The addition 
of an RC 
network will make the slice level adapt to varying 
sync 
amplitude 
and give improved 
weak signal performance. 


A resistor to the AGC voltage 
on Pin 9 enables the sync 
slice level to be changed 
as a function 
of signal 
level. 


This further 
improves 
the low signal 
level separation 
while at the same time giving 
increased 
impulse 
noise 
protection 
on strong signals. 


HORIZONTAL OSCILLATOR 


The horizontal 
PLL (see Figure 7) is a 2-loop system 
using a 31.5 kHz oscillator 
which 
after a divider 
stage 
is locked to the sync pulse using phase detector 
1. The 
control 
signal derived from 
this phase detector 
on Pin 
13 is fed via a high-value 
resistor 
to the frequency- 
control 
point 
on Pin 12. The same divided 
oscillator 
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frequency 
is also fed to phase detector 
2, where the 
flyback pulse is compared with it and the resulting error 
used to change a variable 
slice level on the oscillator 
ramp waveform. 
This therefore 
changes the timing 
of 
the output 
square wave from the slicer and hence the 
timing 
of the buffered 
horizontal 
output 
on Pin 17 (see 
Figure 8). The error on phase detector 2 is reduced until 
the phasing of the flyback 
pulse is correct with respect 
to the divided 
oscillator 
waveform, 
and hence with re- 
spect to the sync pulse. 


To improve the pull-in and noise characteristics 
of the 
first PLL, the phase detector current is increased when 
the vertical lock indicator 
signals an unlocked condition 
and is decreased when locked. This increases the loop 
bandwidth 
and pull-in 
range when out of lock and de- 
creases the loop bandwidth 
when in lock, thus improv- 


ing the noise performance. 
In addition, 
the phase de- 
tector current 
during 
the vertical 
period 
is reduced in 
order 
to 
minimize 
the 
disturbance 
to the 
horizontal 
caused 
by the 
longer 
period 
vertical 
phase detector 
pulses. 


The oscillator 
itself is a novel design using an on-chip 
50 pF silicon nitride capacitor which has a temperature 
drift of only 70 ppmrC 
and negligible 
long term drift. 
This, in conjunction 
with 
an external 
resistor, gives a 
drift of horizontal 
frequency 
of less than 1HzrC - 
Le., 
less than 
100 Hz over the full operating 
temperature 
range of the chip. The pull-in 
range of the PLL is about 
± 750 Hz, so normally 
this would 
eliminate 
the need 
for any customer 
adjustment 
of the frequency. 


The second significant 
feature 
of this design 
is the 
use of a virtual 
ground 
at the frequency 
control 
point 
which floats at a potential 
derived from a divider across 
the power 
supply 
and this is the same divider 
which 
determines 
the end-points 
of the oscillator 
ramp. The 
frequency 
adjustment 
which 
is necessary to take up 
tolerances in the on-chip capacitor is fed in as a current 
to this virtual ground and when this adjustment 
current 
is derived 
from 
an external 
potentiometer 
across the 
same supply there is no frequency variation with supply 
voltage. Moreover, using the voltage from a potentiom- 
eter for the adjustment 
instead of the simple variable 
resistor normally 
used in RC oscillators 
makes the fre- 
quency independent 
of the value of the potentiometer 
and hence its temperature 
coefficient. 
The frequency 
control current from the first phase detector is fed into 
this same virtual 
ground 
and as the sensitivity 
of the 
control is about 230 HzlpA a high value resistor can be 
used (680 kG) and this can be directly connected to the 
phase detector filter without 
significant 
loading. 


This 
oscillator 
operates 
with 
almost 
constant 
fre- 
quency to below 4.0 volts and as the total PLL system 
consumes 
less than 4.0 mA at this voltage, this gives 
an 
ideal 
start-up 
characteristic 
for 
receivers 
using 
deflection-derived 
power supplies. 


The fly back gating input 
is on Pin 15 which 
is inter- 
nally clamped to 0.7 V in both directions 
and requires 
a negative input current 
of 0.6 mA to operate the gate 
circuit. This input can be a raw fly back pulse simply fed 
via a suitable 
resistor. 


(l-4.5V 0) 
V""" 
6.0 V @ 


+0.9V@ 
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-0.7 V 


An output switching 
signal is taken from the 31.5 kHz 
oscillator 
to clock the vertical counter which is used in 
place of a conventional 
vertical 
oscillator 
circuit. 
The 
counter is reset by the vertical sync pulse but the period 
during which it is permitted 
to reset is controlled 
by the 
window 
control. Normally, when the counter is running 
synchronously, 
the window 
is narrow to give some pro- 
tection against spurious noise pulses in the sync signal. 
If the counter output 
is not coincident 
with sync how- 
ever, after a short period the window 
opens to give reset 
over a much wider count range, leading to a fast picture 
roll towards 
lock. At weak signal, Le., less than 200 !JoV 
IF input, the vertical system is forced to narrow mode 
to give a steadier picture for commonly 
occurring types 
of noise. The vertical 
sync, gated by the counter, then 
resets a ramp generator 
on Pin 20 and the 1.5 volt Pop 
ramp is buffered to Pin 22 by the vertical preamplifier. 
A differential 
input to the preamp on Pin 21 compares 
the signal generated 
across the resistor in series with 
the deflection 
coils with the generated 
ramp and thus 
controls shape and amplitude 
of the coil current. 


The basic block diagram of the countdown 
system is 
shown in Figure 9. The 31.5 kHz (2 FH) clock from the 
horizontal 
oscillator 
drives 
a 10-stage counter 
circuit 
which 
is normally 
reset by the vertical 
sync pulse via 
the sync gate, OR gate and 0 flip-flop. 
This 0 input is 
also used to initiate discharge of the ramp capacitor and 
hence causes picture fly back. 


The period during 
which sync can reset the counter 
and cause fly back is determined 
by the window 
control 
which 
defines a count range during 
which the gate is 
open. One of two ranges is selected according 
to the 
condition 
of the signal. The normal "narrow" 
range is 
514 to 526 counts for a 525 line system and is selected 
after the coincidence 
detector indicates that the reset is 
coincident, twice in succession, with the 525 count from 
the 
counter. 
When 
the 
detector 
indicates 
non- 
coincidence 
8 times 
in succession, 
then the window 
control switches to the "wide" 
mode (384 to 544 counts) 
to achieve 
rapid 
re-synchronization. 
For the 625 line 
version the counts are 614 to 626 for nar'row mode and 
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DELAY 


COINC 


484 to 644 for wide mode. Note that the OR gate after 
the sync gate is used to terminate 
the count at the end 
of the respective 
window 
if a sync pulse has not ap- 
peared. 


This method accepts non-standard 
signals almost in 
the same way as a conventional 
triggered 
RC oscillator 
and has a similar fast lock-in time. However, the use of 
a window 
control 
on the counter 
reset ensures that 
when locked with a normal standard 
broadcast signal 
the counter will reject most spurious 
noise pulses. 


The blanking 
output 
is provided 
from a latch which 
is set by the counter reset pulse and terminated 
by count 
20 from the counter chain. 


j- 


2.0 V 
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The power supply 
regulator, 
although 
of simple de- 
sign, provides two independent 
power supplies - 
one 
for the horizontal 
PLL section and the other for the re- 
mainder of the chip. The supplies 
share the same ref- 
erence voltage 
but the design of the main regulator 
is 
such that it can be switched 
on independently 
to give 
minimum 
loading on the "bleed" 
voltage source during 
start-up phase of a deflection-derived 
supply system. 


FIGURE 
11 - 
POWER 
SUPPLY 
CIRCUIT 
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The PSIF is a single-chip 
IC that enhances the performance 
of 
a color TV, audio and video/chroma 
system. It eliminates 
band- 
pass compromises 
which 
normally 
tradeoff 
920 kHz video beat 
with sound performance. 
The chip also includes a surface wave 
filter preamplifier 
and an AFT circuit. 


• 
Low Noise Preamplifier 
for SAW Filter 


• 
Wideband 
IF Amplification 
with Mean Level AGC 


• 
Intercarrier 
Detector for Sound Carrier Output 


• 
Reduces 920 kHz Beat 


• 
AFT Discriminator 
with Output Polarity Selection 


• 
Internal Voltage Regulator 8.2 V 


• 
30 mA Available 
from 8.2 V Internal Regulator 


TV PARALLEL SOUND 
IF/AFT 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
,- 
1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
707-02 


Decouple 
VRF 


IF 
{ 
VCC 


Input 


Decouple 


Ground 


Preamp { 
Output 
Vreg 


Sound 


Preamp { 
Output 


Input 
AGC 
Filter 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCCC 
16 
Vdc 


Regulator 
Output 
Current 
Ireo 
30 
mAde 


Thermal 
Resistance 
R/IJA 
70 
·crw 


Power 
Dissipation 
(Package 
Limitation) 
Po 
1.1 
W 


Maximum 
Junction 
Temperature 
TJlmax) 
150 
·C 


Storage 
Temperature 
Range 
Tsto 
-65to 
+150 
·C 


Operating 
Temperature 
Range 
TA 
o to 
+ 70 
·C 


Static 
Characteristics 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply 
Current 
ICC 
30 
- 
60 
mAde 


Regulator 
Voltage, 
Pin 12 
Vreo 
7.6 
8.2 
8.8 
Vdc 


RF Supply 
Voltage, 
Pin 18 
VRF 
5.8 
6.5 
7.2 
Vdc 


Preamplifier 
Current, 
Pins 6, 7 
4.0 
6.6 
7.5 
mAde 


Preamp 
Gain 
(Differential 
Output, 
500 
Loads) 
Av 
- 
-3.0 
- 
dB 


IF Sensitivity, 
Output 
1.5 Vpp 
- 
80 
- 
/LVrms 
Input 
45.75 
MHz, 
30% AM 
@ 1.0 kHz Differential 
Pins 2, 3 


AGC 
Range, 
Input 
CW for 
Output 
Change 
of 
± 0.25 Vdc 
- 
48 
- 
dB 


Intercarrier 
Sound 
Output 
(Beat), 
100 
200 
400 
mVrms 
Input 
45.75 
MHz, 
7.0 mVrms; 
41.25 
MHz, 
2.2 mVrms 


IF Bandwidth 
(3.0 dB) 
fmax 
- 
80 
I 
- 
MHz 


Preamplifier 
Input 
Resistance 
Rin 
- 
1.5 
- 
kO 
Preamplifier 
Input 
Capacitance 
Cin 
- 
11.5 
- 
pF 


IF Input 
Resistance 
Rin 
- 
2.2 
- 
kO 
IF Input 
Capacitance 
Cin 
- 
4.0 
- 
pF 


Preamplifier 
Max 
Input 
Signal 
(Single 
Ended) 
Vin 
- 
50 
- 
mVrms 


IF Max 
Input 
Signal 
(Differential) 
Vin 
- 
50 
- 
mVrms 


Noise 
Figure 
IF, Max 
Gain 
- 
6.0 
- 
dB 
Noise 
Figure 
Preamplifier 
- 
5.0 
- 


AFT Center-Frequency 
Slope 
- 
4.0 
- 
JAAlkHz 


AFT Output 
Max, 
1.0 MHz 
Detuning 
- 
±300 
- 
~ 


FIGURE 
2 - 
TEST 
CIRCUIT 
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to be part of a high performance 
color television 
system. 


Its primary 
function 
is to provide 
a complete 
separate 
IF amplifier 
for sound, leaving the normal 
IF to be con- 
cerned only with video. Secondary functions 
include an 
AFT detector 
and a SAW preamp. 


In most present day color television 
receivers, sound 
and video are processed 
by the same IF amplifier 
and, 


in many cases, the same synchronous 
or pseudosyn- 
chronous 
detector. 
This imposes 
undesirable 
compro- 


mises in video and sound performance. 
Particularly 
in 
the U.S., the avoidance 
of a color/sound 
beat product 
(920 kHz) can only be achieved at the expense of sound 
quieting 
and sensitivity. 
Earlier solutions 
involved a sin- 
gle IF amplifier 
driving 
two detectors, 
with 
numerous 
interstage 
alignments 
required. 


A method of solving these problems 
is to process the 
sound and video separately, directly from the tuner out- 
put. The 
MC13010 
provides 
the second 
complete 
IF 
channel, with its own wideband 
detector and AGC. This 
permits 
both video IF and sound IF to be free of tuned 
elements, 
except at their inputs. (See Figure 3.) 


4. The intercirrier 
sound 
output 
(Pin 11) is typically 
about 200 mVrms, 
which 
easily overcomes 
a lossy in- 
tercarrier 
filter 
and meets the input 
needs of even the 
least sensitive 
FM sound IF ICs. 


AFT 
The AFT detector 
is a quadrature 
type operating 
at 
the picture 
IF frequency, 
with only one external 
L-C to 
be aligned. 
The 
polarity 
of the 
AFT output 
may 
be 
changed 
by taking 
the mode 
control 
(Pin 16) high or 
low. If the control 
pin is left open, the AFT is defeated. 


ADDITIONAL 
APPLICATIONS 
The MC13010 is an ideal part for stand-alone 
AFT. It 
contains the entire active system to provide a tuner with 
"self control". 
(See Figure 6.) 
This device performs 
AM detection 
at the intercarrier 
sound 
output. 
Therefore, 
AM 
modulated 
digital 
data 
may be recovered. This function 
may be useful in cable 
systems where digital 
coding 
is employed. 


PREAMPLIFIER 
The preamp 
is included 
to compensate 
for the high 
insertion 
loss of a Surface Acoustic 
Wave filter. 
This 
SAW filter 
may 
have two 
outputs 
with 
different 
re- 
sponses, or it may serve only the video signal path. The 
preamp 
is optional 
if an LC filter 
is used. In any case, 
the selectivity 
ahead of the video IF must provide deep 
trapping 
of the sound carrier, while the sound bandpass 
is relatively 
broad 
and flat 
between 
the 
picture 
and 
sound carriers. 


THE SOUND 
IF 
The overall 
gain of 80 dB and gain control 
range of 
48 dB equals the video IF's of earlier designs. This al- 
lows the full improvement 
of the system architecture 
to 
be realized. The AGC in the MC13010 is a peak-detecting 
type, driven 
internally 
from the sound detector, and re- 
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Shown 
above 
are two 
approaches 
to using 
the 
MC13010 in TV designs. The simpler 
circuit 5(a) offers 
the lowest cost, but the 12 dB of preamp gain does not 
overcome 
the 20 to 25 dB of SAW filter 
loss. (Bearing 
in mind that discrete 
UC approaches 
also incur some 
loss at this point, the 5(a) circuit is probably about equal 
in gain.) The transformer 
T4 in Figure 5(b) takes advan- 
tage of the high impedance 
current source nature of the 
preamp outputs, 
Pins 6 and 7, to pick up another 6.0 dB 
of gain. Even more may be possible with more primary 
turns. When using the coil information 
given at the right, 
note that it is based on very limited 
experience 
and is 
offered 
only as a general guideline. 


T2 - 
Video IF Surface Acoustic 
Wave (SAW) 
Filter: muRata, SAF 45MC02Z 


T3 - 
Ceramic 
Intercarrier 
Output 
Filter: 
muRata SFE 
4.5 MB 


T4 - 
TaKa 
KANAS-K7060EK 


L1 - 
TaKa 
E502LN-4000034 J.W. Miller 48A147MPC 
with shield case, tuned to 45.75, L ~ 0.12 JLH. 


L2 - 
Same part as L1, except tuned 
to 44 MHz and 
loaded with 270 n 


R1 and R2 - 
Adjust for nominal 
tuning 
voltage 


R3 - 
Chosen for tuning 
voltage swing required. 
Note 
that Pin 15 can source or sink 300 JLA(typ) at the 
extremes 
of control 
range 


Experimental 
values for 45 MHz IF: 


T1 - 
Primary: 
TaKa 
E502LN-4000034 
Secondary: 
TaKa 
E502LN-7000037 
in shield 
case 


O.OlJ 


330 


Signal 
from 
0 
Tuner 


Channel 3 Component 
Values 
T1 - 
Made 
from 
two 
coils 
positioned 
side by side, 
without 
shields, on 0.38" centers. Coils are COIL- 
CRAFT part no. T7-142 (violet 7-1/2 tur.nsl. each 
with its own slug, Carbona I E, adjusted to 63 MHz 
(=0.4 
/LH). This 
should 
give 
a slightly 
over- 
coupled 
response. A sheild to surround 
the coils 
may be required. 


+24 Vdc 
100 
270 


18 


2 
17 
AFT to 
Tuner 


3 
16 
R3 
R1 
4 
15 


5 
14 
R2 


6 
13 
'::" 
7 
12 


8 
11 


9 
10 


L1 - 
COILCRAFT 
UNI-7/150 
(blue 
6-1/2 
turns) 
or 
UNI-101144 (green 5-1/2 turns) shielded, adjusted 
to 61.25 MHz (= 0.14 /LH) 


R1 and R2 - 
Adjust 
for nominal 
tuning 
voltage 


R3 - 
Chosen for tuning 
voltage 
swing 
required. 
Note 
that Pin 15 can source or sink 300 !LA (typ) at the 
extremes 
of control 
range 
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MONOCHROME 
TELEVISION POWER AUDIOIVERTICAL 
COMPANION 
SUBSYSTEM FOR MONOMAX® 


The MC13014P is intended to complement 
the Monomax family 


by providing 
the complete output stages for the audio and vertical 
sections. In the typical case, all active elements and many of the 
passive components 
of the vertical 
and audio sections 
are re- 
placed, thereby 
enhancing 
the construction 
simplicity 
of the re- 


ceiver. Main features include: 


• 
Adaptable 
to a Variety of Power Supply Configurations 


• 
Efficient Operation; 
Low Device Temperature 
Rise 


• 
High Breakdown 
Voltage, 40 V 


• 
Can Deliver 600 mA p-p Yoke Current 


• 
Up to 750 mW of Audio Output 


• 
Operates over a Wide Supply Voltage Range, 6-40 Vdc 


COMPANION 
AUDIOIVERTICAL 
SUBSYSTEM 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648C-02 


MONOMAX· 
IMC13001P 
or 
MC13001XP 
Families) 


FM IF 
Audio 
MC1358P 
or 
TBA120C 


MC13014 
Audio 
Amplifier 
and 
Vertical 
Driver 


7"'-19" 
B&W 
Circuit 


Horizontal 
Yoke 


~tical 
L 'l t 
V~~ke 
= 
400-600 
mA p-p 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
(Pins 
1. 7.16) 
VCC. Vboost 
+40 
V 


Power 
Supply 
Voltage. 
Audio 
Section 
(pin 
14) 
VCC' 
+35 
V 


Audio 
Input 
VIS 
1.0 
V POp 


Thermal 
Resistance. 
Junction 
to Air 
RHJA 
80 
·CIW 


Junction 
Temperature 
TJ 
150 
·C 


Operating 
Temperature 
Range 
Too 
o to 
+ 70 
·C 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
·C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Current. 
No Signal, 
Pin 14 
ICC 
- 
11 
19 
mAde 


Gain 
Ao 
- 
50 
- 
VN 


Distortion 
at 50 mW 
Output 
1.0 kHz 
Vout 
THO 
- 
0.1 
1.0 
% 


Distortion 
at 750 mW 
Output 
1.0 kHz 
Vout 
THO 
- 
0.5 
- 
% 


Quiescent 
Output 
Voltage, 
No Signal 
VPin 
10 
- 
8.0 
- 
Vdc 


Input 
Bias 
VPin 9. VPin 
15 
- 
0.7 
- 
Vdc 


Input 
Resistance 
Rin Pin 15 
- 
28 
- 
kn 


Output 
Noise 
150 Hz-15 
kHz) Input 
50 n 
Vout 
- 
0.5 
4.0 
mVRMS 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Current, 
Max 
Height 
Control 
Ivoke 
- 
500 
- 
mApp 


Power 
Supply 
Current 
ICC 
- 
75 
- 
mAde 


Flyback 
Voltage, 
Pin 6 
VPin 6 
- 
30 
- 
Vpk 


Pull-Up 
Current. 
Max 
Height 
Control 
VPin 2 
- 
250 
- 
mApk 


Characteristic 


Residual 
Vertical 
Buzz-In 
Audio 
Output, 


Vertical 
Set at 400 mA 
pop Output 


10l'F 


Audio 
Input 
~ 
+ 


501 
• 


AUDIO 
SECTION 
The audio amplifier 
is a rather conventional 
IC im- 
plementation 
capable of over 1.0 watt output if applied 
to a 16 fl speaker at 16 V. However, since the chip is 
also required 
to do the vertical 
output 
task, it is rec- 
ommended 
that the audio section be used with 
32 fl 
speakers and 16 V, or 16 fl and 12 V. Either condition 
will keep power output to about 750 mW at 10% THD. 
The output (Pin 10) should have the usual 3.0 fl 0.1 !LF 
snubber located close to the IC for prevention 
of high 
frequency oscillation. 
Voltage gain is set by the resistor 
divider 
feeding 
back to Pin 9. Both the input 
(Pin 151 


and feedback (Pin 9) are internally 
biased to 0.7 Vdc, 


and should never be driven below ground. 
The designer should keep in mind that this is a Class 
B audio section, and although 
it can be operated from 
supply 
voltages 
from 
6.0 Vdc to 35 Vdc, there 
is no 
escaping the direct relationship 
of power supply ripple 
current to output 
current. 
The effect of this ripple on 
power 
supplies 
throughout 
the TV receiver 
must 
be 
minimized by normal external choices. Ifthe TV is totally 
operated from a very solidly regulated source, the prob- 
lems are minimal. 
If it is a low cost line-operated 
set, 


as illustrated 
in Figure 6, then good isolation 
can be 


more difficult. 
One suggestion 
is illustrated 
in Figure 6, 


where a horizontally 
derived 
+ 30 V supply is used to 
provide the vertical circuit with a vertical pulse clamping 
voltage and then is considerably 
decoupled (160 fl and 
50 !LF) to provide the audio supply. This offers a good 
bit of protection 
from loading effects, and for the most 
common low audio duty cycles, will given a good supply 
voltage. 
It will, of course, sag badly at a steady high 
output, and is offered for consideration. 
It is more viable 
here than in most cases, due to the wide power supply 
tolerance of this IC. 


VERTICAL SECTION 
The vertical 
amplifier 
takes the approximately 
1.5 
Vp-p sawtooth 
output from 
Pin 22 of MONO MAX and 


converts it to an output sawtooth 
of up to 600 mA POp 
in the vertical yoke. Yoke impedances of up to 40 fl can 
be accommodated 
by operating from a primary 
power 
supply voltage (Pin 161of up to 20 Vdc. 


The MC13014P uses a boost switch to "step up" the 
operating 
voltage during 
retrace. This offers the bene- 
fits of keeping IC dissipation 
low, by allowing 
minimum 
VCC during forward 
scan and permitting 
rapid retrace 
by having a highly effective clamp voltage. A compar- 
ator senses when the output at Pin 6 rises 0.7 V above 
the VCC on Pin 16, and turns the boost transistor 
on, 


which quickly 
pulls up the operating 
voltage 
at Pin 7. 


The boost voltage can be provided 
either of two ways: 


a higher (than VCC) supply, up to 40 V, can be connected 
to Pin 1 as shown in Figure 4, or the self boost config- 
uration of Figure 3. In this application 
the 50 !LF (Pin 7 
to Pin 2) charges the VCC during forward 
scan, through 
the 150 fl. When retrace triggers the boost switch, this 
voltage 
is added to the VCC, nearly doubling 
the op- 


erating voltage 
at Pin 7 during 
retrace. The 50 !LF is 
selected to prevent 
excessive voltage 
change during 
retrace. 
The vertical output, Pin 6, can source or sink 300 mA, 


and the boost switch 
has 300 mA pull-up 
capability. 
Supply voltage 
of 8-20 Vdc is recommended 
for VCC 
in both 
Figures 3 and 4. Boost voltage 
for 
Figure 4 
should be 25-40 V. There must be a good ground for 
Pins 4,5,12 
and 13, which are both substrate and circuit 
ground, to avoid adding a vertical signal to the audio. 


DISSIPATION 
AND THERMAL 
CONSIDERATIONS 
The 16-pin copper lead frame has excellent thermal 
characteristics, 
but these are two big jobs, so attention 
to PD is in order. The vertical application 
of Figure 3 at 
400 mA 
pop has a vertical 
section 
(lC) dissipation 
of 
about 300 mW. If the audio section 
Figure 2, is at a 
comparatively 
high output 
of 500 mW, the dissipation 
in that section is about 600 mW. Note that the rated 
RaJA of 80'CIW 
is for a worst 
case situation, 
with no 
help from a PC board, or any conducted 
heat from the 
pins. In a practical 
PC board effort, 
the RaJA can be 
reduced to approximately 
50'CIW. 
With 
less than 1.0 
watt dissipation, 
there is considerable 
safety margin, 


even at an ambient of 70'C. A maximum 
junction 
tem- 


perature of 125'C for proper operation is recommended. 


MONOMAX 
MC13001P 
or 
MC13001XP 
Families 


22 
250 


~F~ 


I 
I 
27 


16 
Vertical 
Output 


22 
MONOMAX 
MC13001P 
or 
MC13001XP 
Families 
Vertical 
21 
Feedback 


MC13014P 
______ 
~t~=n-.J 


Substrate 
and Vertical 
Amplifier 
Ground 


Vertical 
Yoke 


.40 mH 
20 n 


56 k 


IJ 


t 
1.0I 


i60V 


I 


® MOTOROLA 


This circuit is a complete one chip, full feature AM stereo decod- 
ing and pilot 
detection 
system. 
It employs 
full-wave 
envelope 
signal detection 
at all times for the L + R signal, and decodes L 


- 
R signals only in the presence of valid stereo transmission. 


• 
No Adjustments, 
No Coils 


• 
Few Peripheral 
Components 


• True Full Wave Envelope Detection for L+ R 


• 
PLL Detection 
For L - R 


• 
25 Hz Pilot Presence Required To Receive L - R 


• 
Pilot Acquisition 
Time 300 ms For Strong Signals, Time 
Extended 
For Noise Conditions 
To Prevent "Falsing" 


• 
Internal 
Level Detector Can Be Used As AGC Source 


+8.0 Vdc 


0.0033 
0.0033 


I Detector 
II 


Envelope 
Detector 


IF Input 0 
IF Input 


0.01 
4 
Level 
Optional 
Detector 
Tuner 
AGC 
10 
Error 


Source 
+ I'F 
0.001 
Amplifier 
11 


6 
VCC 


Audio 
{ 
Left Output 


Outputs 
8 
Right Output 


100 k 


Q Detector 
20 


Phase 
Detector 


Osc. Feedback 


Osc. Input 


Ground 
16 


Stereo 
Lamp 
15 


Pilot Detector 
14 


Input 


Pilot Filter 
13 
Input 


MOTOROLA 
C-QUAM® 
AM 
STEREO 
DECODER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 738-03 


0.0033 
220 


471'F 


~~ 


LED 
Stereo 
Indicator 


+ 


+ 
4.7 k 


56 k 


1.5 k 


+ 


10l'F 
-:r2.2 
..,. I'F 


+ 


4.71'F l' 


The purchase of the Motorola C·QUAM* 
AM Stereo Decoder does not carry with such purchase any license by implication. estoppel or otherwise, 
under any patent rights of Motorola or others covering any combination of this decoder with other elements including use in a radio receiver. Upon 
application by an interested party, licenses are available from Motorola on its patents applicable to AM Stereo radio receivers. 


Rating 
Symbol 
Valua 
Unit 


Supply 
Voltage 
VCC 
14 
Vdc 


Pilot 
Lamp 
Current, 
Pin 15 
50 
mAdc 


Operating 
Temperature 
TA 
-40 
to 
+85 
·C 


Storage 
Temperature 
Tsto 
-65 
to 
+ 150 
·C 


Junction 
Temperature 
TJ(max) 
150 
·C 


Power 
Dissipation 
Po 
1.25 
W 
Derate 
above 
25°C 
10 
mwrc 


ELECTRICAL 
CHARACTERISTICS 
IVCC = 8.0 Vdc, TA 
~ 25·C, Input 
Signal 
~ 200 mVRMS 
IUnmodulated 
Carrier, 
Circuit 
Of 


Figure 
1 Unless 
Otherwise 
Noted.) 


Characteristic 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Operating 
Range 
- 
6.0 to 10 
- 
Vdc 


Supply 
Line Current 
Drain, 
Pin 6 
20 
30 
40 
mAdc 


Input 
Signal 
Level, 
Unmodulated, 
Pin 3, for 
Full Operation 
100 
200 
357 
mVRMS 


Audio 
Output 
Level, 
50% Modulation, 
L only 
or R only 
160 
220 
280 
mVRMS 


Audio 
Output 
Level, 
50% Modulation, 
Monaural 
80 
110 
140 
mVRMS 


Output 
THO, 50% Modulation 
Monaural 
- 
0.5 
- 
% 


Stereo 
- 
1.0 
- 


Channel 
Separation, 
L only 
or R only, 
50% Modulation 
- 
30 
- 
dB 


Pilot Acquisition 
Time, 
VCO 
locked, 
after 
release 
of forced 
monaural 
- 
300 
- 
ms 


Input 
Impedance 
Rin 
20 
27 
- 
kn 


Gin 
- 
6.0 
- 
pF 


Output 
Impedance 
- 
100 
150 
n 


Level 
Detector 
Filter 
Voltage, 
Pin 4, 
o signal 
1.4 
1.7 
2.0 
Vdc 
200 mVRMS 
Signal 
- 
2.5 
- 


Lock Detector 
Filter 
Voltage, 
Pin 10 
In Lock 
- 
7.8 
- 
Vdc 
Out of Lock 
- 
0.8 
- 


Force to Monaural, 
Pin 9, Pull Down 
for Monaural 
Mode 
2.0 
2.5 
- 
Vdc 
- 
0.15 
1.0 
,JA 


Force to Monaural, 
Pin 9, Pull Up for Automatic 
Mode 
- 
3.5 
3.7 
Vdc 
- 
<0.001 
1.0 
,JA 


Envelope 
is 
compatible 
with existing 
monaural 
receivers. 


(1 +L+R)cos9 
1 +L+R 
Jj 


_ 
Avg. 


Carrier 
e 
I 


1 (L-R)cos9 


Envelope 
amplitude 
is not a correct 
sum signal 
for 
envelope 
detection. 


Optional 
AGC 
To Tuner 


Audio 
Outputs 
Note 1 


~ 
Input 


,---------, 


I 
17 
I 
I 
CJ 
I 
----1 
: 
I 
I 
I 
SeeText 
IR2 
Rd 
I 
and FiguresI 
C2 
I Cs 
5,6and7 
L 
O~__.J 


Note 
1: Output 
polarity 
is 


defined for receiver front 
end with L.O. above signal 


frequency. 


MOTOROLA C-QUAM@ - 
COMPATIBLE 
QUADRATURE AM STEREO 


INTRODUCTION 
In C-QUAM", 
conventional 
quadrature 
amplitude 
modulation 
has been modified 
by multiplying 
each axis 
by cosO 
as shown 
in Figures 2 and 3. The resulting 
carrier envelope 
is 1+ L+ R, i.e., a correct sum signal 
for monaural 
receivers 
and for stereo receivers oper- 
ating in monaural 
mode. A 25 Hz pilot signal is added 
to the L-R information 
at a 4% modulation 
level. 


chronously 
detected by conventional 
means. The I and 
Q detectors are held at 0' and 90' relative demodulation 
angles 
by 
reference 
signals 
from 
the 
phase-locked, 


divided-down vca. The output of the I DET is 1+ L + R, 
with the added benefit (over the Env DET) of being able 
to produce 
a negative 
output 
on strong co-channel 
or 
noise interference. 
This is used to tell the Lock circuit 
to go to monaural 
operation. 
The output 
of the Q DET 
is the L - R and pilot information. 


THE DECODER 
The MC13020P takes the output of the AM IF amplifier 
and performs 
the complete 
C-QUAM" 
decoding 
func- 
tion. In the absence of a good stereo signal, it produces 
an undegraded 
monaural 
output. 
Note in Figure 4 that 
the L+R 
information 
delivered 
to the output 
always 
comes from the envelope detector (Env DET). 


The MC13020P decodes 
the stereo 
information 
by 
first converting 
the C-QUAM" signal to QUAM, and then 
detecting 
QUAM. The conversion 
is accomplished 
by 
comparing 
the output 
of the Env DET and the I DET in 
the Err AMP. This provides the l/cosO 
correction factor, 
which is then multiplied 
by the C-QUAM" incoming sig- 
nal in the Var Gain block. Thus, the output 
of the Var 
Gain block is a QUAM signal, which can then be syn- 


THE VCO 
The vca operates at 8 times the IF input frequency, 
which ensures that it is out-of-band, 
even when a 260 
kHz IF frequency 
is used. Typically 
a 450 kHz IF fre- 


quency is used with synthesized front ends. This places 
the vca at 3.6 MHz, which 
permits 
economic 
crystal 
and ceramic 
resonators. 
A crystal vca is very stable, 


but cannot 
be pulled very far to follow 
front-end 
mis- 


tuning. Pull-in capability of ± 100 Hz at 450 kHz is typical, 
and de-Q-ing with a resistor (see Figure 7) can increase 
the range only slightly. 
Therefore, 
the crystal approach 
can only be used with very accurate, stable front-ends. 
By comparison, 
ceramic 
and L - C vca 
circuits 
offer 
pull-in range in the order of ± 2.5 kHz (at 450 kHz). Ce- 
ramic devices accurate enough 
to avoid trimming 
ad- 
justment 
can be obtained with a matched capacitor for 
Cs (see Figures 1 and 5). 


In the PLL filter 
circuit 
on Pin 19, C1 is the primary 
factor in setting a loop corner frequency 
of 8-10 Hz, in- 
lock. An internally 
controlled 
fast pull-in is provided. 
R2 
is selected to slightly 
overdamp 
the control 
loop, and 
C2 prevents 
high frequency 
instability. 
The Level DET block senses carrier level and provides 
an optional 
tuner AGC source. It also operates on the 
Q AGC block to provide 
a constant amplitude 
of 25 Hz 
pilot at Pin 11, and it delivers 
information 
to the pilot 
decoder regarding 
signal strength. 


PILOT AND CO-CHANNEL 
FILTERS 
The Q AGC output 
drives a low pass filter, made up 
of 400 n internal, 
and 430 nand 
5 IJ.Fexternal. 
From 
this point, an active 25 Hz band-pass filter is coupled to 
the Pilot Decoder, Pin 14, and another low-pass filter is 
connected 
to the Co-channel 
Input, 
Pin 12. A 2:1 re- 
duction 
of 25 Hz pilot level to the Pilot Decode circuit 
will cause the system to go monaural, 
with 
the com- 
ponents shown. 
Refer to Figure 8 for the formulas 
gov- 
erning the active band-pass filter. The co-channel 
input 
signal 
contains 
any 
low 
frequency 
intercarrier 
beat 
notes, and, at the selected level, prevents the Pilot De- 
code circuit from 
going into stereo. The co-channel 
in- 
put, Pin 12, gain can be adjusted 
by changing 
the ex- 
ternal 
1.5 k resistor. 
The values 
shown 
set the "trip" 
level at about 7% modulation. 
The 25 Hz pilot signal at 
the output of the active filter is opposite 
in phase to the 
pilot signal coming from the second low-pass filter. The 
56 k resistor from 
Pin 14 to Pin 12 causes the pilot to 
be cancelled at the co-channel input. This allows a more 
sensitive setting of the co-channel 
trip level. 


THE PILOT DECODER 
The Pilot Decoder has two modes of operation. When 
signal conditions 
are good, the decoder will switch to 
stereo after 7 consecutive 
cycles of the 25 Hz pilot tone. 


When signal conditions 
are bad, the detected interfer- 
ence changes the pilot counter so as to require 37 con- 
secutive cycles of pilot to go to stereo. In a frequency 
synthesized 
radio, the logic that mutes the audio when 
tuning can be connected to Pin 9. When this pin is held 
low it holds the decoder in monaural mode and switches 
it to the short count. This pin should be held low until 
the synthesizer 
and decoder 
have both locked onto a 
new station. A 300 ms delay should be sufficient. 
If the 
synthesizer 
logic does not provide sufficient 
delay, the 
circuit 
shown 
in Figure 9 may be added. Once Pin 9 
goes high, the Pilot Decoder starts counting. 
If no pilot 
is detected for seven consecutive 
counts, it is assumed 
to be a good 
monaural 
station 
and the 
decoder 
is 
switched to the long count. This reduces the possibility 
of false stereo triggering 
due to signal level fluctuation 
or noise. If the PLL goes out of lock, or interference 
is 
detected 
by the co-channel 
protection 
circuit 
before 
seven cycles are counted, the decoder goes into the long 
count mode. Each disturbance 
will reset the counter to 
zero. The Level Detector 
will 
keep the decoder 
from 
going into stereo if the IF input level drops 10 dB, but 
will not change the operation 
of the pilot counter. 


Once the decoder 
has gone into the stereo mode, it 
will go instantly 
back to monaural 
if either the lock de- 
tector on Pin 10 goes low, or if the carrier level drops 


below the preset threshold. 
Seven consecutive 
counts 
of no pilot will 
also put the decoder 
in monaural. 
In 
stereo, the co-channel input is disabled, and co-channel 
or other noise is detected by negative excursions 
of the 
I DET, as mentioned 
earlier. 
When 
these 
excursions 
reach a level caused by approximately 
20% modulation 
of co-channel, the lock detector puts the system in mon- 
aural, even though the PLL may still actually be locked. 
This higher 
level of co-channel 
tolerance 
provides 
the 
hysteresis to prevent chattering 
in and out of stereo on 
a marginal 
signal. 


When all inputs to the Pilot Decode block are correct, 
and it has completed 
its count, it turns on the Switch, 
sending the L- R to the Matrix, and switches the pilot 
lamp pin to a low impedance 
to ground. 


SUMMARY 
It should be noted that in C-QUAM", 
with both chan- 
nels AM modulated, 
the noise increase in stereo is a 
maximum 
of 3.0 dB, less on program 
material. There- 
fore, this is not the major concern in the choice of mon- 
aural to stereo switching 
point as itwas in FM, and blend 
is not needed. 


PIN DESCRIPTIONS 
Pin 1,2 - 
Detector Filters, Rout = 4.3 k, recommend 
0.0033 IJ.Fto VCC to filter 450 kHz compo- 
nents. 
IF Signal Input 
Level Detector filter pin, Rout = 8.2 k, 10 IJ.F 
to ground sets the AGC time constant. High 
impedance 
output, 
needs buffer. 


Pin 5 
- 
Error Amp compensation 
to stabilize the Var 
Gain feedback loop 
VCC, 6-10 Vdc, suitable for low Vbatt auto- 
motive 
operation, 
but 
must 
be protected 
from "high 
line" condition. 
Pin 7, 8 - 
Left and Right Outputs, NPN emitter follow- 
ers 
Pin 9 
Forced Monaural, 
MOS or TTL controllable 
Pin 10 
- 
Lock detector 
filter, 
Rout = 27 k, recom- 
mend 2.2 IJ.Fto ground. 


Pin 11 
- 
AGC'd Q output. 
NPN emitter follower 
with 
400 n from emitter to Pin 11 
Co-channel 
Input, 2.0 k series in and 47 k 
feedback 
Pilot Filter Input to op amp, see Figure 8 
Pilot Decode Input lop amp output) emitter 
follower, 
Rout = 100 n 
Stereo 
Lamp, 
open-collector 
of an NPN 
common 
emitter 
stage, can sink 50 mA, 


Vsat = 0.3 V at 5.0 mA 
Ground 
Oscillator 
input, Rin = 10 k, do not dc con- 
nectto 
Pin 18 or ground 
Oscillator 
feedback, 
NPN emitter, 
Rout = 


100 n 
Phase Detector Output, current source to fil- 
ter 
Detector 
Filter, Rout = 4.3 k, recommend 
0.0033 IJ.Fto VCC to filter 450 kHz 
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where, 
in this application: 


fo = center 
frequency 
= 25 Hz 


Ao 
~ gain 
at fo"'25 
Q", 10 


Choose 
values 
for fo• Ao. Q. and 
convenient 
C, solve 
for 


resistors 


C ± 5% 
Ra ± 5% 
Rb ± 1% 
Rc ± 
1% 


0.47 p.F 
4.7 k 
910 
220 k 


0.33 p.F 
8.2 k 
1.3 k 
330 k 


® MOTOROLA 


AM stereo systems are basically microphonic. 
They require a 
high degree of local oscillator stability 
in the receiver front end, 


particularly 
with 
respect to mechanical vibration 
in the audible 
range. Motion of physical components which affect oscillator fre- 
quency can generate significant audio output via the L-R or stereo 
information 
channel. To date, this has meant that most quality 
AM 
stereo 
implementations 
were 
done with 
PLL synthesized 
tuners. The MC13021 offers a low cost means of obtaining 
PLL 
stability 
in conventional 
mechanically 
tuned radios. 


• 
Provides AFC for Tuning Accuracy and Ease 


• 
Eliminates Microphonic 
Responses 


• 
Provides Tuning Lock Indication 


• 
Uses Existing Mechanical Tuning Elements 


The MC13021 is appropriate 
at both ends of the cost spectrum, 


from low priced mechanical auto radios to high end component 
hi-fi 
receivers 
using 
non-varactor 
tuning. 
The oscillator 
drive 
comes out at two levels to accommodate 
inductively 
or capaci- 
tively tuned systems. It is designed to work with the MC13020 
C-QUAM decoder and any discrete or IC AM front end, such as 
the MC13041 (ULN3841). 


MOTOROLA 
C-QUAM® 


AM 
STEREO 
TUNING 
STABILIZER 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 
16- 
r~ 
¥] ~p ~SUFFIX 


1 
PLASTIC 
PACKAGE 


CASE 
648-06 


VCC 
LevelDet 


Ground 
VAel 
In 


VCO 
In 
La Dsc Qut 


VCO Out 
Hi Osc Out 


<I> Det Out 
2.0 V Aef 


Window 
Limiter 
In 


Lock 
Tuned 
FLL • 


Tuned 
Lamp 
Force Mono 


• 


vcc6-:1B2 
~~~_ 


2.21LF 
3: 


+ 
I 
I 


4' 


, 
lose 
Coil of 


: Receiver 
I 


0.04 
: 
I 
I 
I 


5 , 


I 
I 
I,,,, 
I 
I 
I 
II 
I 
I 
I 
I 
I 
I 
I 


_________ 
.J 


7 
16 


Voltage 
To 
Current 


Converter 


+122~F 


~:~~9MC13020 L 
_ 


47k 


From 
MC13020 
Pin 17 
VCO Reference 
Voltage 
1°. 
02 


2.2 k 


To MC13020 
~ 
Pin 9 


To MC13020 


Pin 10 
To MC13020 
Pin 4 


"locked" 
LED Indicator 


AM STEREO TUNING STABILIZER 
In the Tuning 
Mode (Figure 1) the loop utilizes the 
existing 
tuner oscillator 
coil as a frequency 
discrimi- 


nator to generate a dc voltage which is used to steer a 
voltage controlled 
oscillator 
(VCO). The VCO output is 
applied to the discriminator 
to close the loop, forcing 
the VCO to track the resonant frequency 
of the tuner 
oscillator coil. 


The output of the VCO is used as the receiver local 
oscillator. In this mode the amount of the noise reduc- 
tion is limited by the need to track the manual tuning 
control without 
producing a delay that is perceptible to 
the user, and it must be able to follow the rapid tuning 
changes which are incurred in a push-button 
tuner. A 
forced 
monaural 
output 
prevents the stereo decoder 


from going stereo in this mode. 


Upon acquiring a usable carrier, the system switches 
from the Tuning Mode to the Tuned Mode. (See Figure 
2.) In this mode the FLL steering voltage is derived from 
the error voltage line of the MC13020 AM stereo decoder 
PLL, forming 
what is effectively 
a classical automatic 


frequency control. 


The purchase of the Motorola 
C-QUAM'" 
AM Stereo Decoder does not carry with such purchase any license by implication, 
estoppel 
or otherwise, 
under any patent rights 
of Motorola 
or others covering 
any combination 
of this decoder with other elements 
including use in a radio receiver. Upon application 
by an interested 
party. licenses are 


available 
from Motorola 
on its patents applicable 
to AM Stereo radio receivers. 


® MOTOROLA 


C-QUAM® 


ADVANCED, 
MEDIUM 
VOLTAGE 
AM STEREO 
DECODER 
ADVANCED, 
MEDIUM 
VOLTAGE 
AM STEREO 
DECODER 


The MC13022 is designed for home, portable. and automotive 


AM stereo radio applications. 
The circuits and functions 
included 
in the design allow 
implementation 
of a full-featured 
C-QUAM 
AM stereo radio with relatively 
few, inexpensive 
external parts. 


It is available in either 28-lead DIP or EIAJ compatible wide-bodied 
28-lead SOIC. 


• 
Operation from 4.0 V to 10 V Supply with Current Drain of 
18 mA Typ 


• 
IF Amplifier 
with Two Speed AGC 


• 
Post Detection Filters with 10kHz Notch that Allow 
User or 
Automatic 
Adjustable 
Audio Bandwidth 
Control 


• 
Signal Quality Controlled 
Stereo Blend and Noise Reduction 


• 
Noise and Co-Channel Discriminating 
Stop-On-Station 


• 
Signal Strength 
Indicator Output for RF AGC and/or Meter 
Drive 


• 
Signal Strength Controlled 
IF Bandwidth 


• 
Noise Immune Pilot Detector Needs no Precision Filter 
Components 


~ 
1 
P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
710-02 


28~- 


OW SUFFIX 
PLASTIC 
PACKAGE 
CASE 751F-02 


450 kHz 
Low-Level 


IF 


Left Audio 


Right Audio 


The purchase of the Motorola C-OUAM' 
AM Stereo Decoder does not carry with such purchase any license by implication. estoppel or otherwise. 


under any patent rights of Motorola or others covering any combination of this decoder with other elements including use in a radio receiver. Upon 


application 
by an interested 
party, 
licenses 
are 
available 
from 
Motorola 
on its patents 
applicable 
to AM 
Stereo 
radio 
receivers. 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
12 
Vde 


Pilot Lamp Current. 
Pin 21 
30 
mAde 


Operating 
Temperature 
TA 
-40 
to 
+85 
°c 


Storage 
Temperature 
Tsto 
-65 
to 
+ 150 
°c 


Junction 
Temperature 
TJ(max) 
150 
°c 


Power 
Dissipation 
PD 
1.25 
W 


Derate 
above 
25°C 
10 
mWrC 


Characteristic 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Operating 
Range 
- 
4.0 to 10 
- 
Vde 


Supply 
Line Current 
Drain, 
Pin 25 
- 
18 
- 
mAde 


Input 
Signal 
Level, 
Unmodulated, 
Pin 5, for Full Operation 
- 
5.0 
- 
mVrms 


Audio 
Output 
Level, 50% Modulation, 
L only 
or R only 
- 
120 
- 
mVrms 


Audio 
Output 
Level, 50% Modulation, 
Monaural 
- 
60 
- 
mVrms 


Output 
THD, 50% Modulation 
Monaural 
- 
0.2 
- 
% 


Stereo 
- 
0.5 
- 


Channel 
Separation, 
L only 
or R only, 
50% Modulation 
- 
32 
- 
dB 


"ee 


000' 
0001 
0001 
~ 


I 
, R 
a 
Loop 


Do< 
De, 
Ou' 
"cc 
Flit 
" 


27 
26 
25 
24 


0.01 


2.]k 
~ 


T1 
" 
0 
Q- 


Pilot 
0" 
Do< 


'0 
Input 


19 
18 


SIgnal 
Ouahlv 


Detector 


fIltered,.. 
Output 


Filtered 


Right 
Output 


Rf AGe, 


Stop 
Sense, 


SS Meter 


11 
- 
Ceramic 
Resonator 
MuRata 


CSA 
3.60 
MGF101 


12 
- 
Broad 
Resonance 
(f1 
450 
k.Hz 


Effective 
Rp 
of 
S.OK 
to 
12K 


(Part 
No. 
to 
be 
Determined) 


~ - 20 


V> -30 
z 
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-40 


-SO 
g -60 
> 
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_ 
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- 
Response 


l 
at 


I 
/-..., " 
PinS 10 and 11 Due 
~ 
- 
to l.F. Selectivitv 


-- 
TOlal Response 
- 
at Output Pins 


17 and 14 


1 
I 


.,;.,; 
u 
~ 
3.0 
~ 


30 
10 
30 
100 
300 


SIGNAL INPUT. 10 kll TO PIN 5 (niVrmsJ 


BLEND AND NOISE REDUCTION 


Although 
AM stereo does not have the extreme dif- 
ference in SIN between mono and stereo that FM does 
(typically less than 3.0 dB versus greater than 20 dB for 
FM). sudden 
switching 
between 
mono and stereo 
is 
quite apparent. Some forms of interference such as co- 
channel have a large L- R component 
that makes them 
more annoying 
than would 
ordinarily 
be expected for 
the measured level. The MC13022 measures the inter- 
ference 
level 
and 
reduces 
L- R as interference 
increases, blending 
smoothly 
to mono. The pilot indi- 
cator remains on as long as a pilot signal is detected, 
even when interference is severe, to minimize annoying 
pilot light flickering. 


RF AGC/METER 
DRIVE 


A dc voltage proportional 
to the log of signal strength 
is provided at Pin 6. This can be used for RFAGC, signal 
strength indication, 
and/or control of the post detection 
filter. Normal operation 
is above 2.2 V as shown in Fig- 
ure 4. 


STOP SENSE 
Multiplexed 
with 
the signal strength 
information 
is 
the stop sense signal. The stop sense is activated when 
scanning 
by externally 
pulling 
the blend capacitor 
on 
Pin 23 below 0.5 V. This would typically 
be done from 
the mute line in a frequency 
synthesizer. 
If at any time Pin 23 is low and there is either no signal 


in the IF or a noisy signal of a predetermined 
interfer- 


ence level, Pin 6 will go low. This low can be used to 
tell the frequency 
synthesizer 
to immediately 
scan to 
the next channel. The interference 
detection 
prevents 
stopping 
on many unlistenable 
stations, a feature par- 
ticularly 
useful at night when 
many frequencies 
may 


have strong signals from multiple 
co-channel stations. 


IF BANDWIDTH 
CONTROL 


IF AGC attenuates the signal by shunting 
the signal 
at the IF input. This widens the IF bandwidth 
by decreas- 


ing the loaded 
Q of the input coupling 
coil as signal 


strength increases. 


POST DETECTION 
FILTERING 


With 
weak, 
noisy 
signals, 
high frequency 
rolloff 
greatly improves the sound. Conventional tone controls 
do not attenuate the highs sufficiently 
to control noise 
without 
also significantly 
affecting the mid-range. Also, 
notch filters are necessary with any wide-band AM radio 
to eliminate 
the 10 kHz whistle from adjacent stations. 


By using a twin- T filter with variable feedback to the 
normally 
grounded 
center leg, a variable Q notch filter 
is formed that provides both the 10kHz notch and var- 
iable high frequency 
rolloff functions. 
Typical range of 
response is shown in Figure 3. Response is controlled 
by the dc voltage on Pin 15. 


Pin 15 could interface with a dc operated tone control 
such as the TDA 1524, or could be tied to Pin 6 for auto- 
matic audio bandwidth 
control 
as a function 
of signal 
strength. 
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MOTOROLA 
C-QUAM® 


AM 
RECEIVER 
FRONT 
END 
AND 
TUNER 
STABILIZER 


The MC13023 is a companion 
part to the MC13022 C-QUAM 
AM STEREO DECODER. It provides the mixer, local oscillator, 
and 
IF amplifier 
to make a complete 
AM stereo tuner system. 
Also 
included is all circuitry 
needed to provide the tuning function 
for 
high performance 
manually tuned radios, and a wideband 
RFAGC 
circuit for very wide dynamic 
range systems. The wide band AGC 
can be disabled to save current 
in battery powered 
applications 
where it is not needed. 


For Manual and Electronically 
Tuned Radios: 
• 
Operation from 4.0 V to 10 V Supply 
• 
Complete "Front 
End" for Home and Portable Radios 
• 
Wideband 
AGC for External RF Amplifier 
in Automotive 
Type 
Radios 
• 
Local Oscillator 
Unaffected 
by RF Signal Variations 


For Manually 
Tuned Radios: 
• 
Provides AFC for Tuning Ease and Accuracy 
• 
Eliminates 
Microphonic 
Responses 
• 
Provides Tuned Lock Indication 
• 
Uses Existing Mechanical Tuning Elements 
• 
Narrows Audio Bandwidth 
in MC13022 While Tuning to 
Reduce Interstation 
Noise 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648-06 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
7518-03 
50-16 
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This 
document 
contains 
information 
on 
a product 
under 
development. 
Motorola 
reserves 
the 
right to change or discontinue this product without notice. 
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Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
12 
Vde 


Pilot Lamp Current. Pin 9 
20 
mAde 


Operating Temperature 
TA 
-40 to +85 
·C 


Storage Temperature 
Tsto 
-65 to + 150 
·C 


Junction 
Temperature 
TJ(max) 
150 
·C 


Power 
Dissipation 
Po 
1.25 
W 
Derateabove 25·C 
10 
mWrC 


MIXER 
The mixer 
is doubly 
balanced and has an extended 
dynamic 
range. The output 
is single ended and works 
into a resistive 
load, which 
gives a better impedance 
match to a ceramic 
IF filter 
than 
a tuned 
circuit 
and 
simplifies 
alignment. 


IF AMPLIFIER 
The first IF amplifier 
is a wide dynamic 
range design 
that needs no AGC. All IF AGC is done in the MC13022 
by a shunt attenuator 
preceding 
the second IF stage. 


The shunt attenuator 
has the additional 
benefit of pro- 
viding 
a variable 
load on the IF coupling 
coil, which 
reduces the bandwidth 
at low signal amplitudes. 


OSCILLATOR 
The single pin oscillator 
runs at four times the local 
oscillator 
mixer injection 
frequency. 
The VCla 
is var- 
actor tuned by the frequency 
synthesizer 
in electroni- 
cally tuned applications 
and by internal varactor drive 
control 
in manually 
tuned applications. 
The frequency 
divider isolates the VCla 
from any load changes caused 
by varying 
incoming 
RF signal strength. 
There is also 
a local oscillator buffered output for driving a frequency 
synthesizer 
in electronically 
tuned 
applications. 
This 
output 
drives 
a discriminator 
coil in manually 
tuned 
applications. 


WIDEBAND 
AGC 
The wideband 
AGC is used to prevent receiver front 
end overload 
in very wide dynamic 
range applications 
such as automotive 
radios. The wideband 
AGC has an 


independent 
input and a current drive output to allow 
maximum 
flexibility 
of application. 
Grounding the input 
will turn off most of the circuit to save current in battery 
powered 
applications 
where the wide band AGC is not 
needed. 


MANUAL TUNING, 
GENERAL 
DESCRIPTION 
The local oscillator, 
consisting 
of a VCla 
and four 
times frequency 
divider, 
is varactor 
controlled. 
When 
stopped 
on a station, 
the varactor 
is controlled 
by the 
same loop filter 
voltage 
that controls 
the vca 
in the 


Discriminator 


{Man. 
Tunel 


L.O. Buffer IETR) 


MC13022. 
In this 
mode 
the 
local 
oscillator 
is com- 
pletely immune 
from mechanical 
vibration 
of the tun- 
ing elements. 
The mechanical input for manual tuning changes the 
center frequency of a wide-band 
discriminator. 
The ref- 
erence frequency for the discriminator 
comes from the 
VCla 
divider. When the discriminator 
has been tuned 
more than ±7.0 kHz from the reference, a high current 
drive from the discriminator 
to the VCla 
is switched on 
to rapidly retune the local oscillator 
frequency 
so as to 
follow the center of the discriminator. 
At the same time 
the MC13022 is forced 
into the mono mode, via con- 
nection to the MC13022 blend line, to prevent any audi- 
ble effects from tuning. 
When tuning 
is stopped 
and the MC13022 locks on 
the new station, the discriminator 
VCla 
control current 
is switched 
off and the "tuned" 
indicator 
is turned on. 
The MC13022 vca 
loop filter control voltage will then 
AFC the VCla 
to put the IF frequency 
on center. 


MC13022 


Blend 
Voltage 


ManUal{] 
Tuning 
Control 


MANUAL 
TUNING, 
DESCRIPTION 
OF CONTROL 
SEQUENCE 
Assuming 
that the radio has been tuned to a stereo 
station, the MC13022 blend voltage would 
be at 3.6 V 
and the 
stop-sense 
voltage 
greater 
than 
2.3 V. The 
MC13023 VCLo, see Figure 3, would 
have the varactor 
controlled through a buffer from the MC13022 VCO con- 
trol. 01 and 02 are off and the "tuned" 
light is on, the 


latch being in the reset condition 
from the high on the 
stop-sense line. When the mechanical tuning control is 
moved to change to a new station the discriminator 
is 
tuned to a new frequency. The out-of-window 
detector 
immediately 
turns on 01 to pull down the stop-sensei 


meter drive line of the MC13022. Where this line is also 
used to provide automatic audio bandwidth 
control, the 
pull-down 
reduces 
the 
bandwidth 
to 
approximately 
2.0 kHz, thereby 
minimizing 
the annoying 
interstation 
noise. 
As the stop-sense goes below 0.4 V, the blend line of 
the MC13022 is pulled down by 02, controlled 
by the 
signal through 
gates G1 and G2. Between 2.2 V and 
1.5 V on the blend line, the MC13022 blends the audio 
from stereo to mono. Below 0.7 V the pilot detector is 
turned off. 
When the blend line goes below 0.4 V, the latch is set 
through 
Gate 3, the "tuned" 
light is turned off, and the 


From 


MC13022 
Loop Filter 


control of the VCLo is switched to the discriminator. 
In the MC13022 the low blend voltage activates the 
fast AGC on the 2nd IF amplifier, 
sets a latch that will 
allow fast acquisition 
of stereo when pilot is detected, 


and activates the stop-sense. With the blend held low 
the stop-sense will act as a lock detector, staying 
low 
until the MC13022 VCO locks. 
With the discriminator 
in control, 
the VCLO will 
be 
pulled 
to center the local oscillator 
frequency 
in the 
discriminator. 
Once within 
the tuned window, 
the win- 
dow detector 
will 
release the pull-down 
on the stop- 
sense line. 
If the discriminator 
was not tuned 
on a 
station 
the MC13022 will 
not lock and will 
hold the 
stop-sense 
low, preventing 
any further 
action. 


Assuming that the MC13022 does lock on to a station, 
the stop-sense will rise. At 1.5 V the latch will be reset, 
turning 
on the "tuned" 
light, releasing the pull-down 
on the blend line, and switching 
off the discriminator 
control of the VCLO. 


The MC13022 decoder PLL will AFC the VCLO to put 
the IF frequency 
in the center of the IF as determined 
by the tuning of the VCO coil ofthe MC13022. The tuning 
control can now be adjusted within the ± 7.0 kHz tuned 
window 
to fine tune the RF selectivity. 
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TUNED 
CIRCUITS 


CFl ~~R~~: ~~~';~:i=~~TI( 
RlF.814-450 
0021 
T1 
RFInput 
- 


T2 
Discriminator 
- 
Tuned to LO Freq. 


T3 
VelD - 
4 Times 
LO Freq. 


Toko A119AN5-18287RS 


T4 
450 kHz IF 


Toko 
A7NRES·11148N 


T5 
450 kHz IF 
Toko 7NRES-T1370Y 


T6 
Decoder vea. 3.6 MHz 
Toko 1349Z 


ELECTRONICALLY 
TUNED 
RECEIVERS 
Figure 5 is a block diagram showing the MC13023 in 


an electronically 
tuned system. Except for the four times 


oscillator and divider, it is similar to most standard AM 
radio systems. The RF stage and wide band AGC would 
typically 
be used in automobile 
radios. A home type 
receiver with loop antenna would not normally 
require 
the RF stage. 


TYPICAL ETR APPLICATION 
The performance 
of AM radios is limited 
primarily 
by overload 
problems 
such as desensitization, 
cross- 


modulation 
and 
intermodulation. 
Problems 
are 


caused by nonlinearities 
in the front end of the radio. 


The most severe signal environment 
is seen by auto- 


motive radios as they pass through strong RF fields of 
nearby stations, and, for this reason, most applications 
use some form 
of front end AGC. A typical front end 
design is shown in Figure 6. This system uses a FET RF 
stage with AGC applied to a cascode transistor in series 
with the FET. The wideband 
AGC turns down the RF 


gain any time there is a strong signal present in a wide 
band of frequencies determined 
only by the selectivity 
of the first RF coil. 


A HIGH PERFORMANCE 
ETR TUNER 
Improvement 
in overload performance 
requires mul- 


tiple solutions, since when one element of the circuit is 
improved, another part of the circuit will overload a few 
dB higher. 


In the MC13023, the mixer, which is normally the first 
element to overload and become nonlinear on nearby 


I 
I 
I 
I 
I 


l_-='AGCC=' 
J 


signals, 
has been degenerated 
to give 8.0 to 
10 dB 
improvement 
over a normal 
mixer. The mixer is pro- 
tected by the total amount of RF selectivity 
for signals 
further out in frequency. 


The next most vulnerable element is usually the tun- 


ing varactor on the first RF coil, followed 
by the wide- 
band AGC elements 
and RF stage. Figure 7 shows a 
high performance 
front end circuit that is much better 
for overload than the circuit of Figure 6. The circuitry 
around the MC13022 remains the same. 


A light dependent 
resistor (LOR) is used in front of 
the RF amplifier for attenuation. 
The LOR is much more 
linear and has a greater dynamic range than diodes or 
transistors 
that are sometimes 
used for RF AGC. The 


current 
through 
the LEO, which 
in turn 
controls 
the 
resistance of the LOR, is varied by the wideband 
AGC. 


The first RF coil is tuned with two back-to-back var- 


actors, as is typically done in FM receivers, to make the 
circuit more linear. The second RF coil varactor is suf- 
ficiently protected by the first coil so that two varactors 
are not needed. 


With the above improvements, 
the wide band AGC 
ihput can be taken after the second RF coil. This will 
prevent strong signals distant in frequency from a weak 
desired station from causing unnecessary attenuation 
or drop-out 
of the desired station. 


The performance 
with 
the above improvements 
is 
now limited by overload in the FET RF amplifier. 
Slight 
degeneration 
with 
un bypassed 
source 
resistance 
greatly improves the overload performance with only a 
slight reduction in sensitivity. 
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TUNED CIRCUITS 
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LOW VOLTAGE 
MOTOROLA 
C·QUAM® 


AM 
STEREO 
RECEIVER 
LOW VOLTAGE MOTOROLA C-QUAM® 


AM STEREO RECEIVER 
SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 


The MC13024 is intended to serve the manually 
tuned portable 
and pocket radio mass market. This part includes all receiver and 
stereo decoding 
functions, 
from antenna to Left and Right audio 
outputs. 


• 
Full Operation 
from 
1.8 V to 8.0 Vdc Supply 


• 
Low Power, Current Drain (typ) 5.0 mA 


• 
Typical Distortion 
<1% at 90% L+ R or 50% Single Channel 


• 
Typical Channel Separation 
>25 dB 


• 
Pilot Tone Detector 


• 
Combined 
Tuning 
and Stereo Indicator 


• 
"Blend 
On" Stereo Mode and Lamp Drive 


• 
High Accuracy, 
Fast Locking VCLO 


• 
Controlled 
Return to Monaural 
Under Adverse Conditions 


• 
Minimized 
"Tweets 
and Birdies" 


• 
Minimized 
Tuning Transients 


~""- 
1 
PLASTIC 
PACKAGE 
CASE 
724-03 


OW SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751 E-02 
SO-24 
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lilt:: IVI\.,I.)V,£q. 
IS a complete 
l,-UUAM<6' 
AM 
stereo 
receiver, from the antenna to low level audio. All that 
is needed make a complete AM stereo radio is the addi- 
tion 
of the 
appropriate 
audio 
output 
amplifier. 
The 
MC13024 is intended for use in most types of manually 
tuned receivers: pocket portables, "boom 
boxes," table 
radios, etc. It will operate from 
1.8 Vdc to 8.0 Vdc and 
requires typically 5.0 mA (not including LED).This broad 
supply voltage tolerance and low power consumption 
makes it ideal for portables 
using as few as 2 battery 
cells. The radios which can be built using this part can 
be quite low in cost, while still benefiting 
from a high 
degree of functional 
sophistication. 


FEATURES 
The MC13024 contains a wide dynamic range mixer, 


IF, AGC, AFC, C-QUAM" 
decoder, 
stereo 
pilot 
tone 
detector, 
and 
a signal 
quality 
detector. 
The 
stereo 
decoding 
and pilot 
detection 
are similar 
to the well- 
established 
MC13020, except 
for 
reduced 
peripheral 
components, 
and the phase-locked 
loop used for the 
L-R detection now is looped around the entire receiver. 
In other words, the PLL controls the tuner local oscillator 
(VCLD) rather than 
a detector 
loop 
after the IF. The 
advantage of this, in manually tuned AM stereo, is sig- 
nificant, 
because it assures that the signal will always 
be properly centered in the IF bandpass, which is critical 
to good channel separation. This architecture also gives 
the radio an AFC tuning 
behavior which makes it easy 
to tune. The PLL has two "speeds," 
provided by current 
ratios of 50:1, which give fast lock and low distortion, 
respectively. 


A signal 
quality 
detector 
circuit 
monitors 
lock con- 


dition, excess in-phase modulation 
due to interference, 


pilot presence and amplitude, 
and the movement of the 


tunmg element by the user. A proper level of pilot must 
be present for several cycles before stereo mode will 
be enabled. When all conditions 
are correct, the tran- 


sition from monaural to stereo is done gradually to pre- 
vent a transient "pop." 
Under aberrated conditions, 
the 
audio may either blend to mono or make an immediate 
change to mono, depending 
on the detected condition. 
The LED pin drives a dual purpose indicator: 
low current 
for PLL lock, and full current for stereo mode. Again, 
the switching 
is done "softly" 
to prevent transient load- 
ing of a weak battery. 
The IF gain and the mixer RF gain are each reduced, 
in turn, as signal strength 
increases, to optimize 
SIN 
and prevent overload. The receiver is capable of 20 dB 
SIN 
at 2.5 /.LV/50 ohm input. At weak signals, the ref- 
erence oscillator 
and quadrature 
divider are shut off to 
minimize 
"tweets 
and birdies." 


RADIO CONSTRUCTION 
Layout is not much more critical than any high per- 


formance 
AM receiver. Care must be taken to provide 
a good ground 
plane and short leads on signal paths. 


Take special care to keep the reference oscillator 
com- 
ponents close to Pin 22 and protected 
from 
coupling 
from the pilot bandpass output, Pin 24. Also take care 
with the ever present threat of RF radiation 
from 
the 
audio output 
back into the antenna. This can be con- 
trolled 
by proper component 
location and good (close) 
RF bypass on the amplifier 
VCC and good snubbers on 
the audio outputs. Keeping in mind that this is a phase- 
detecting 
receiver, 
it is important 
to mount 
coils 
securely and avoid movable wires in tuned circuits. A 
lot of individual 
preference 
will 
go into each imple- 
mentation; 
the components 
shown 
here are only 
intended to provide a good working 
start. 


The purchase of the Motorola C-QUAMI» AM Stereo Decoder does not carry with such purchase any license by implication. estoppel or otherwise, under 
any 
patent 
rights 
of Motorola 
or others 
covering 
any 
combination 
of this 
decoder 
with 
other 
elements 
including 
use in a radio 
receiver. 
Upon 
application 
by an 
interested 
party, 
licenses 
are 
available 
from 
Motorola 
on 
its patents 
applicable 
to AM 
Stereo 
radio 
receivers. 


+ 


22"F*, 
Two "AAA" 


Batteries 
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Stereo 


Headphone 
Jack 


Tl 
Input Transformer 
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This 
circuit 
is the 
core 
of 
an AM 
broadcast 
receiver. 
The 
MC13041 is ideal as the front 
end for AM stereo 
radios 
using 
electronic 
tuning. 
The scan detection 
system operates with both 
frequency 
and signal amplitude 
data for "no false" tuning. 


• 
Electrically 
Equivalent 
to ULN3841 


• 
Full AM Receiver Function Including: 
L.O., Balanced Mixer, IF 
Amp, AM Detector, Scan Control Detectors, and an Internal 
Switchable 
Voltage Regulator 


• 
Companion 
Device to MC13020 C-QUAM'" AM Stereo 
Decoder 


• Wideband 
(RF) Delayed AGC 


• 
Optional 
Narrowband 
FM Output 


• Tailored to Interface with Synthesizers 
in Scanning E.T.R. 


Applications 


• 
Stop Detection 
Independent 
of AGC Time Constant 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
Pin 6 
VCC 
18 
Vdc 


Thermal 
Resistance, 
Junction 
to Ambient 
R8JA 
75 
·CIW 


Operating 
Ambient 
Temperature 
Range 
TA 
-40 
to 
+85 
·C 


Storage 
Temperature 
Range 
Tsto 
-65to 
+150 
·C 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
- 


20 
P SUFFIX 


1 
PLASTIC 
PACKAGE 
CASE 
738-03 


OW SUFFIX 
PLASTIC 
PACKAGE 
CASE 
7510-03 
SO-20 


IF AGC 


IF Bypass 
2 
Mixer 
Out 


Mixer 
In 


Mixer 
Bias 


Audio 
Out 
5 
RF AGC 
In 


Osc 


Det. 
In 
7 
Osc Gnd 


L.O. Gnd 


V Reg 
9 
RF AGC 
Out 


AFC Out 
Stop 
Out 


MC13041 
AM 
Receiver 
System 


C-QUAM 
AM 


Stereo 
Decoder 


MC13020 


Synthesized 
Tuning 
Subsystem 


Stereo 
Tone 
Control 
TDA1524A 
TCA5550 


ELECTRICAL 
CHARACTERISTICS 
(VCC 
~ 
14.4 Vdc, TA = 
+25°C, 
RF Input 
Frequency 
= 1.0 MHz, IF ~ 450 kHz, FMOD = 1.0 kHz, 


Modulation 
= 30%. Test Circuit 
of Figure 
2, unless 
otherwise 
noted.) 


Characteristic 
Symbol 
Test Condition 
Min 
Typ 
Max 
Unit 


Operating 
Supply 
Voltage 
Range 
VCC 
- 
6.5-16.5 
- 
Vdc 


Supply 
Current 
ICC 
No Input 
Signal 
- 
25 
33 
mAdc 


RF Sensitivity 
RF In to 
Pin 5 Audio 
Out 
Equals 
- 
2.6 
10 
ILVrms 
Pin 
18 
50 mV 


Usable 
Sensitivity 
RF In to 
S+N 
- 
5.6 
10 
pVrms 


Pin 
18 
At Pin 5 ~ 
= 20 d8 


Recovered 
Audio 
Audio 
Out 
1.0 mV 
RF In at Pin 18 
173 
240 
346 
mVrms 
at Pin 5 


Total 
Harmonic 
Distortion 
THD 
at 
1.0 mV 
RF In 80"10 
- 
0.5 
3.0 
"10 


Pin 5 
modulation 
at Pin 5 


Oscillator 
Output 
VOSC 
RF Out at Pin 
14 
- 
330 
- 
mVrms 


Stop 
Voltage 
VSTOP 
No Input 
at Pin 18 
4.3 
5.2 
- 
Vdc 
Pin 
11 


Stop 
Sensitivity 
VSTP SEN 
Pin 11 Equals 
1.5 Vdc 
27 
40 
80 
ILVrms 
Pin 18 RF 


Stop 
Bandwidth 
VSTOP 
BW 
Pin 18 = 1.0 mVrms 
- 
"'4.7 
- 
kHz 
Pin 11 ~ 
1.5 Vdc 


VAGC 
RF Pin 16 = 0 mVrms 
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.. a rugged and versatile power amplifier 
in a remarkable 
plastic 
power package. 


• 
Supply Voltages 
from 6-35 Vdc 


• 
2.0 Watts Output «I 70'C Ambient 
on PC Board with Good 
Copper Ground 
Plane 


• 
Self Protecting Therma,l Shutdown 


• 
Easy to Apply, Few Components 


• 
Gain Externally 
Determined 


• 
Output 
is Independent 
of Supply Voltage 
Over a Wide Range 
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Rating 
Symbol 
Value 
Unit 


Power Supply Voltage 
VCC 
35 
V 


Audio Input, Pin 5 
1.0 
Vo-o 


Thermal 
Resistance, 
Junction 
to Air 
R8JA 
160 
°CiW 


Thermal 
Resistance, 
Junction 
to Case 
R8JC 
25 
°CiW 


Junction 
Temperature 
TJ 
150 
°C 


Operating 
Ambient 
Temperature 
Range 
TA 
-40 to +85 
°C 


Storage 
Temperature 
Range 
Tsto 
-65 to + 150 
°C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Current, 
No Signal 
ICC 
- 
13 
- 
mAde 


Gain 
Ao 
- 
50 
- 
VN 


Distortion at 62.5 mW Output, 1.0 kHz 
THO 
- 
0.2 
1.0 
% 


Distortion at 900 mW Output, 1.0kHz 
THO 
- 
0.5 
3.0 
% 


Quiescent Output Voltage, No Signal 
VPin 1 
- 
8.4 
- 
Vdc 


Input 
Bias 
VPin 5, VPin8 
- 
0.7 
- 
Vdc 


Input 
Resistance 
Rin, Pin 5 
- 
28 
- 
kll 


Output Noise 150Hz-15 kHz)Input 50!1 
Vout 
- 
0.5 
4.0 
mVrms 


1.01'F 


Audio Input ~ 
+ 


501 


DESCRIPTION 
The MCl 3060 is a quasi-complementary 
audio power 
amplifier, 
mounted 
in the SOP 8 (power SOIC package). 
It is well suited to a variety 
of 1.0 and 2.0 watt appli- 
cations in radio, TV, intercoms, 
and other speaker driv- 
ing tasks. It requires the usual external components 
for 
high frequency 
stability 
and for gain adjustment. 


The output signal voltage and the power supply drain 
current are very linearly 
related, as shown 
in Figure 5. 


Both are quite constant over wide variation 
of the power 
supply voltage 
(above min VCC for clipping, 
of course). 


The amplifier 
can best be described as a voltage source 
with about 
1.0 Ap_p capability. 
On a good heat sink, it 
can deliver over 2.0 watts at 70°C ambient. 


The MC13060 will automatically 
go into shut-down 
at 
a die temperature 
of about 150°C, effectively 
protecting 


itself, even on fairly stiff power supplies. This eliminates 
the 
need 
for 
decoupling 
the 
power 
supply, 
which 
degrades performance 
and requires extra components. 
Input Pins 5 and 8 are internally 
biased at 0.7 Vdc and 
should not be driven below ground. 
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Specifications 
and Applications 
Information 


The MC34119 is a low power audio amplifier 
integrated 
circuit 


intended 
(primarily) 
for 
telephone 
applications, 
such 
as in 
speakerphones. 
It provides 
differential 
speaker outputs to max- 


imize output 
swing at low supply voltages 
(2.0 volts minimum). 
Coupling 
capacitors 
to the speaker are not required. 
Open loop 
gain is 80 dB, and the closed loop gain is set with two external 
resistors. 
A Chip Disable 
pin permits 
powering 
down 
and/or 
muting the input signal. The MC34119 is available 
in a standard 
8-pin DIP or a surface mount 
package. 


• 
Wide Operating 
Supply Voltage Range (2-16 volts) - 
Allows 
Telephone 
Line Powered Applications 


• 
Low Quiescent Supply Current (2.7 mA Typical) for Battery 
Powered Applications 


• 
Chip Disable Input to Power Down the IC 


• 
Low Power-Down 
Quiescent Current (65 p.A Typical) 


• 
Drives a Wide Range of Speaker Loads (8 Ohms and Up) 


• 
Output Power Exceeds 250 mW with 32 Ohm Speaker 


• 
Low Total Harmonic 
Distortion 
(0.5% Typical) 


• 
Gain Adjustable 
from <0 dB to >46 dB for Voice Band 


• 
Requires Few External Components 


BLOCK DIAGRAM 
AND TYPICAL APPLICATION 
CIRCUIT 
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ORDERING 
INFORMATION 


Temperature 
Device 
Range 
Package 


MC34119P 
Plastic 
DIP 


- 20'C 
to + 70'C 
MC34119D 
Plastic 
SOIC 


Parameter 
Value 
Units 


Supply 
Voltage 
-1.0to 
+18 
Vdc 


Maximum 
Output 
Current 
at V01, 
V02 
~250 
mA 


Maximum 
Voltage 
@ Vin, 
FC1, FC2, CD 
-1.0, 
VCC+1.0 
Vdc 


Applied 
Output 
Voltage 
to V01, 
V02 
when 
disabled 
-1.0, 
VCC+1.0 
Vdc 


Junction 
Temperature 
-55, 
+ 140 
·C 


Devices should not be operated at these values. The "Recommended 
Operating Limits" 
provide 
for actual device operation. 
RECOMMENDED 
OPERATING 
LIMITS 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


Supply 
Voltage 
VCC 
+2.0 
- 
+16 
Vdc 


Load 
Impedance 
RL 
8.0 
- 
100 
n 


Peak Load 
Current 
IL 
- 
- 
~200 
mA 


Differential 
Gain 
15.0 kHz bandwidth) 
AVD 
0 
- 
46 
dB 


Voltage 
@ CD IPin 
1) 
VCD 
0 
- 
VCC 
Vdc 


Ambient 
Temperature 
TA 
-20 
- 
+70 
·C 


AC Input 
Resistance 
(@ Vin) 
ri 
- 
>30 
- 
Mn 


Open 
Loop 
Gain 
(Amplifier 
#1, 
f < 100 Hz) 
AVOL1 
80 
- 
- 
dB 


Closed 
Loop 
Gain 
(Amplifier 
#2) 
AV2 
-0.35 
0 
+0.35 
dB 
(VCC 
~ 
6.0 V, f ~ 
1.0 kHz, RL = 32 n) 


Gain 
Bandwidth 
Product 
GBW 
- 
1.5 
- 
MHz 


Output 
Power, 
VCC = 3.0 V, RL = 16 n, THD 
'" 
10% 
Pout3 
55 
- 
- 
mW 
VCC = 6.0 V, RL = 32 n, THD 
'" 
10% 
Pout6 
250 
- 
- 


VCC = 
12 V, RL ~ 
100 n, THD 
'" 
10% 
Pout12 
400 
- 
- 


Total 
Harmonic 
Distortion 
(f ~ 
1.0 kHz) 
THD 
% 


(VCC 
~ 
6.0 V, RL ~ 
32 n, 
Pout 
~ 
125 mW) 
- 
0.5 
1.0 


(VCC '" 3.0 V, RL = 8.0 n, 
Pout = 20 mW) 
- 
0.5 
- 
(VCC'" 
12 V, RL ~ 
32 n, 
Pout 
~ 
200 mW) 
- 
0.6 
- 


Power 
Supply 
Rejection 
IVCC = 6.0 V, IloVCC ~ 
3.0 V) 
PSRR 
dB 
(C1 
~ 
x, C2 = 0.01 ).<F) 
50 
- 
- 
(C1 
~ 
0.1 ).<F,C2 ~ 
0, f ~ 
1.0 kHz) 
- 
12 
- 
(C1 
~ 
1.0 ).<F,C2 ~ 
5.0 ).<F,f ~ 
1.0 kHz) 
- 
52 
- 


Muting 
IVcc 
= 6.0 V, 1.0 kHz'" 
f '" 20 kHz, CD 
~ 
2.0 V) 
GMT 
- 
>70 
- 
dB 


Output 
DC Level 
@ VOl, 
V02, 
VCC 
- 
3.0 V, RL = 16n 
VO(3) 
1.0 
1.15 
1.25 
Vdc 
(Rt = 75 k) 
VCC = 6.0 V 
VO(6) 
- 
2.65 
- 
VCC = 12 V 
V0(12) 
- 
5.65 
- 


Output 
High 
Level 
(lout 
75 mA, 
2.0 V '" VCC '" 
16 V) 
VOH 
VCC-1.0 
- 
Vdc 
Output 
Low 
Level 
(lout 
75 mA, 
2.0 V '" VCC '" 
16 V) 
VOL 
- 
0.16 
- 
Vdc 


Output 
DC Offset 
Voltage 
(V01-V02) 
IloVO 
-30 
0 
+30 
mV 
IVCC = 6.0 V, Rf = 75 kn, 
RL ~ 32 n) 


Input 
Bias Current 
@ Vin 
IVCC 
6.0 V) 
ilB 
100 
200 
nA 


Equivalent 
Resistance 
@ FCl 
IVCC 
6.0 V) 
RFC1 
100 
150 
220 
kn 


Equivalent 
Resistance 
@ FC2 (VCC 
- 
6.0 V) 
RFC2 
18 
25 
40 
kn 


CHIP DISABLE 
IPin 
1) 


Input 
Voltage 
- 
Low 


Input 
Voltage 
- 
High 


Input 
Resistance 
IVCC 
~ VCD = 16 V) 


POWER 
SUPPLY 


Power 
Supply 
Current 


(VCC 
~ 
3.0 V, RL = ", CD = 0.8 V) 
ICC3 
- 
2.7 
4.0 
mA 
(VCC = 
16 V, RL = ", CD 
~ '0.8 V) 
ICC16 
- 
3.3 
5.0 
(VCC = 3.0 V, RL ~ ", 
CD = 2.0 V) 
ICCD 
- 
65 
100 
).<A 
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Symbol 
Pin 
Description 


CD 
, 
Chip Disable - 
Digital input. A Logic "0" «0.8 V) sets normal operation. A Logic "'" 
(;;<2.0V) sets 


the power 
down 
mode. 
Input 
impedance 
is nominally 
90 kn. 


FC2 
2 
A capacitor 
at this pin increases 
power 
supply 
rejection, 
and affects 
turn-on 
time. 
This pin can be left 


open 
if the capacitor 
at Fe1 is sufficient. 


FCl 
3 
Analog Ground for the amplifiers. A 1.0 p.Fcapacitor at this pin (with a 5.0 p.Fcapacitor at Pin 2) 
provides 
(typically) 
52 dB of power 
supply 
rejection. 
Turn-on 
time 
of the circuit 
is affected 
by the 


capacitor 
on this pin. This pin can be used as an alternate 
input. 


Vin 
4 
Amplifier 
input. 
The 
input 
capacitor 
and resistor 
set low frequency 
rolloff 
and input 
impedance. 
The 
feedback 
resistor 
is connected 
to this pin and VOl. 


VOl 
5 
Amplifier Output #1. The de level is = (VCC - 0.7 V)/2. 


VCC 
6 
DCsupply ,oltage (+ 2.0 to +'6 
volts) is applied to this pin. 


GND 
7 
Ground 
pin for the entire 
circuit. 


V02 
8 
Amplifier 
Output 
#2. 
This signal 
is equal 
in amplitude, 
but 1800 out of phase 
with 
that at VO,. 
The de 


level is = (VCC - 0.7 V)/2. 


Function 
Typical Change 
Units 


Input 
Bias Current 
(((I 
Vin) 
±40 
pAf'C 


Total 
Harmonic 
Distortion 
+0.003 
%fC 
(VCC ~ 6.0 V, RL ~ 32 ll, Pout = 125mW,f= 
1.0 kHz) 


Power 
Supply 
Current 
p.Af'C 


(VCC = 3.0 V, RL = x, CD = 0 V) 
-2.5 


(VCC = 3.0 V, RL ~ x, CD ~ 2.0 V) 
-0.03 


GENERAL 
The MC34119 is a low power audio amplifier 
capable 


of low voltage 
operation 
(VCC = 2.0 V minimum) 
such 
as that 
encountered 
in line-powered 
speakerphones. 


The circuit 
provides 
a differential 
output 
(V01-V02) 
to 


the speaker to maximize 
the available voltage 
swing at 
low voltages. 
The differential 
gain is set by two external 
resistors. Pins FCl and FC2 allow controlling 
the amount 


of power supply and noise rejection, 
as well as provid- 


ing alternate inputs to the amplifiers. 
The CD pin permits 
powering 
down the IC for muting 
purposes and to con- 
serve power. 


AMPLIFIERS 
Referring 
to the block diagram, 
the internal 
config- 


uration 
consists 
of two 
identical 
operational 
ampli- 


fiers. 
Amplifier 
#1 has an open 
loop gain of ",80 dB 
(at f '" 
100 Hz), and the closed 
loop 
gain 
is set by 
external 
resistors 
Rf and Ri. The amplifier 
is unity gain 
stable, 
and 
has a unity 
gain 
frequency 
of approxi- 


mately 
1.5 MHz. In order to adequately 
cover the tele- 


phone 
voice 
band (300-3400 
Hz), a maximum 
closed 
loop 
gain of 46 dB is recommended. 
Amplifier 
#2 is 
internally 
set to a gain of -1.0 
(0 dB). 
The outputs of both amplifiers 
are capable of sourcing 
and sinking 
a peak current 
of 200· mA. The outputs 
can 
typically 
swing to within 
=0.4 volts above ground, 
and 
to within 
=1.3 volts 
below VCC, at the maximum 
cur- 
rent. See Figures 18 and 19 for VOH and VOL curves. 


The output 
de offset voltage 
(V01-V02) 
is primarily 
a function 
of the feedback resistor (Rf), and secondarily 
due to the amplifiers' 
input offset voltage5. 
The input 
offset 
voltage 
of the two 
amplifiers 
will 
generally 
be 


similar 
for a particular 
IC, and therefore 
nearly cancel 
each other at the outputs. 
Amplifier 
#1 's bias current, 


however, flows out of Vin (Pin 4) and through 
Rf, forcing 
VOl 
to shift negative 
by an amount 
equal to [Rf x IIBI. 


V02 
is shifted 
positive 
an equal 
amount. 
The output 
offset voltage 
specified 
in the Electrical Characteristics 
is measured 
with 
the feedback 
resistor 
shown 
in the 
Typical 
Application 
Circuit, 
and therefore 
takes 
into 
account the bias current 
as well as internal 
offset volt- 


ages of the amplifiers. 
The bias current is constant with 


respect to VCC' 


FC1 and FCZ 
Power supply 
rejection 
is provided 
by the capacitors 
(Cl and C2 in the Typical Application 
Circuit) at FCl and 
FC2.C2 is somewhat 
dominant 
at low frequencies, 
while 


Cl 
is dominant 
at high frequencies, 
as shown 
in the 
graphs 
of Figures 4-7. 
The required 
values of Cl and 
C2 depend on the conditions 
of each application. 
A line 
powered 
speakerphone, 
for example, will require more 
filtering 
than.a 
circuit 
powered 
by a well 
regulated 
power supply. The amount 
of rejection 
is a function 
of 
the capacitors, 
and the equivalent 
impedance 
looking 
into FCl and FC2 (listed in the Electrical Characteristics 
as RFCl and RFC2). 
In addition 
to 
providing 
filtering, 
Cl 
and C2 also 
affect the turn-on 
time of the circuit 
at power-up, 
since 
the two capacitors 
must charge 
up through 
the inter- 


nal 50 k and 125 kO resistors. 
The graph 
of Figure 
1 
indicates 
the turn-on 
time 
upon application 
of VCC of 


+6.0 volts. 
The turn-on 
time 
is =60% 
longer 
for VCC 


= 3.0 volts, and =20% less for VCC = 9.0 volts. Turn- 
off time 
is <10 !J.supon removal 
of VCC' 


FIGURE 1 - 
TURN-ON 
TIME versus C1,C2 AT POWER-ON 
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CHIP DISABLE 
The Chip Disable (Pin 1) can be used to power down 
the IC to conserve power, or for muting, or both. When 
at a Logic "0" 
(0 to 0.8 volts), the MC34119 is enabled 
for normal operation. 
When Pin 1 is at a Logic "1" 
(2.0 
to VCC volts), the IC is disabled. If Pin 1 is open, that is 
equivalent to a Logic "0," although good design practice 
dictates that an input should never be left open. Input 
impedance at Pin 1 is a nominal 90 k!1. The power sup- 
ply current (when disabled) is shown in Figure 15. 


Muting, 
defined 
as the change 
in differential 
gain 
from normal operation to muted operation, is in excess 
of 70 dB. The turn-off 
time of the audio output, 
from 
the application 
of the CD signal, is <2.0 P.s, and turn 
on-time is 12-15 ms. Both times are independent 
of Cl, 


C2, and VCC' 


When the MC34119 is disabled, the voltages at FCl 
and FC2 do not change as they are powered from VCC. 
The outputs, VOl and V02, change to a high impedance 
condition, 
removing 
the signal from the speaker. If sig- 
nals from other sources are to be applied to the outputs 
(while disabled), they must be within the range of VCC 
and Ground. 


POWER DISSIPATION 
Figures 8-10 
indicate the device dissipation 
(within 
the IC) for various combinations 
of VCC, RL, and load 


power. The maximum 
power which can safely be dis- 


sipated within the MC34119 is found from the following 
equation: 


PD = (140·C - 
TA)!IIJA 


where TA is the ambient temperature; 
and IIJA is the package thermal resistance (100·CIW for 
the standard DIP package, and 180·CIW for the surface 
mount package.) 


The power dissipated within the MC34119, in a given 
application, 
is found from the following 
equation: 


PD = (VCC x Iccl + (IRMS x VCC) - 
(RL x IRMS2) 


where ICC is obtained from Figure 15; 
and IRMS is the RMS current at the load; 
and RL is the load resistance. 


Figures 8-10, 
along with 
Figures 
11-13 (distortion 


curves). and a peak working 
load current of ± 200 mA, 
define the operating 
range for the MC34119. The oper- 


ating range is further defined in terms of allowable load 
power in Figure 14 for loads of 8.0 n, 16 n, and 32 n. 
The left (ascending) portion of each of the three curves 
is defined by the power level at which 
10% distortion 


occurs. The center flat portion of each curve is defined 
by the 
maximum 
output 
current 
capability 
of the 
MC34119. The right (descending) portion of each curve 
is defined by the maximum 
internal power dissipation 
of the IC at 25·C. At higher ambient temperatures, 
the 
maximum 
load power 
must be reduced according 
to 
the above equations. 
Operating the device beyond the 


current 
and junction 
temperature 
limits 
will 
degrade 
long term reliability. 


LAYOUT CONSIDERATIONS 
Normally a snubber is not needed at the output of the 


MC34119, unlike many other audio amplifiers. However, 
the PCboard layout, stray capacitances, and the manner 
in which the speaker wires are configured, 
may dictate 
otherwise. 
Generally 
the speaker 
wires 
should 
be 
twisted 
tightly, 
and be not more than a few inches in 
length. 


FIGURE 2 - 
AMPLIFIER #1 
OPEN LOOP GAIN AND PHASE 
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FIGURE 
18 - 
VCC-VOH 
@ VOl, 
V02 
versus 
lOAD 
CURRENT 
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FIGURE 
19 - 
VOL @ VOl, 
V02 
versus 
lOAD 
CURRENT 
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FIGURE 
20 -INPUT 
CHARACTERISTICS 
@ CD (PIN 
1) 
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FIGURE 
21 - 
AUDIO 
AMPLIFIER 
WITH 
HIGH 
INPUT 
IMPEDANCE 
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® MOTOROLA 
MC44301 
(Formerly MC13011) 


SYSTEM 4 
HIGH 
PERFORMANCE 
COLOR TV IF 
SYSTEM 4 
HIGH PERFORMANCE COLOR TV IF 
SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 
The MC44301 is a single channel TV IF and PLL detector system 
for all standard 
transmission 
systems. 
This device 
enables 
the 
designer 
to produce 
a high 
quality 
IF system 
with 
white 
spot 


inversion. 
AFT and AGC. The MC44301 was designed 
with 
an 
emphasis 
on linearity 
to minimize 
sound/picture 
intermodulation. 


• 
Single Coil Adjustment 
for AFT and PLL 


• 
VCO at 1/2 IF for Minimum 
Beats 


• 
Simple 
Circuitry 
for Low System 
Cost 


• 
White 
Spot Inversion 


• 
Symmetrical 
± 2.0 MHz Pull-In 


• 
Detects Positive or Negative 
Modulation 


• 
Auxiliary 
AM Detector for AM Sound 


• 
Simple 
Alignment 
Procedure 
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Rating 
Symbol 
Value 
Units 


Power 
Supply 
Voltage 
- 
Pin 22 
VCC 
7.0 
Vdc 


Gating 
Pulse 
Amplitude 
V13 
±500 
mApk 


Operating 
Temperature 
TA 
-40 
to 
+85 
°c 


Storage 
Temperature 
Tsto 
-65 
to 
+150 
°c 


Junction 
Temperature 
TJ Max 
150 
°c 


Power 
Dissipation 
PD 
1.25 
W 


Derate 
above 
25°C 
10 
mWrC 


Characteristic 
Pins 
Min 
Typ 
Max 
Units 


Operating 
Supply 
Voltage 
Range 
22 
4.5 
- 
5.5 
Vdc 


Supply 
Current 
22 
- 
50 
- 
mAdc 


Differential 
Input 
Sensitivity 
for Full Output 
6,7 
- 
20 
- 
p..Vrms 


Bandwidth 
- 
- 
120 
- 
MHz 


AGC 
Range 
- 
- 
80 
- 
dB 


Noise 
Figure 
- 
- 
7.0 
- 
dB 


Lock-Up 
Time 
- 
- 
5.0 
- 
ms 


Video 
Amplitude 
(100% 
mod 
depth) 
2,3 
- 
2.4 
- 
Vpp 


Tuner 
AGC 
Current 
10 
5.0 
- 
- 
mAdc 


Differential 
Gain 
Distortion 
2 
- 
- 
5.0 
% 


Differential 
Phase 
Distortion 
2 
- 
- 
2.0 
degrees 


Video 
Bandwidth 
2,3 
- 
8.0 
- 
MHz 


Sound 
Subcarrier 
Output 
(- 
20 dB to PIX) 
24 
- 
0.1 
- 
Vrms 


AGC 
Gate 
Pulse 
(R pin 
13 = 5.0 k) 
13 
- 
±O.3 
- 
mApk 


Differential 
Input 
Impedance 
Rin 
6,7 
- 
3.4 
- 
kfl 


Cin 
- 
3.0 
- 
pF 


FIGURE 
2 - 
TEST 
CIRCUIT 


24 


2} 


23 
NC 
Video 
3 
Outputs 
22 


4 
Mode 
Switch 
21 
NC 


20 


19 


18 


8 
17 


16 
9 
AFT Switch 


10 
15 


11 
RF AGC 
Filter 
14 


0.1 
Lock 
Detector 


~ 
Filter 


Envelope 
Detector 
Out 


Sound 
Output 


I Connection 
I 
ForAM 
I Modulated 
I 
Sound 
~ub-Carrier 
0.11' 


I 
I 
I 


~3.3 
k 
10.0110.11 


- 
- 
I 
- 
- 
I 
I 


~ 
To Sync 
Sep 


~-=- 
Pos Mod 


aVcc 


Off 
a 


RF AGC 


VCC 


Design Aims 
The MC44301 performs 
the functions 
of IF amplifi- 


cation, AGC, AFT and demodulation 
of a TV IF signal 
for both positive and negative modulation 
systems. In 
this respect it is similar to other circuits already on the 
market. However, in the means of obtaining 
these func- 


tions the MC44301 is very different 
compared 
to tradi- 
tional designs. A unique approach was needed for sev- 
eral 
reasons. 
Tuned 
circuits 
associated 
with 
the 
IF 
amplifier 
output had to be eliminated 
to enable the part 
to be easy to use with the minimum 
of adjustments 
and 
external components. 
With this approach a high degree 
of IF stability 
could be obtained with a reduction 
in cost. 


Secondly, 
new techniques 
were 
required 
to improve 
performance 
in certain critical areas (differential 
phase 
and gain, etc.). This was especially 
so in view of the 
removal 
of the above 
mentioned 
tuned 
circuits. 
The 
basic idea therefore, was to produce an advanced, high 
performance 
multistandard 
IF system which would 
be 
economical 
and easy to use. Such a device can suc- 
cessfully compete with the already established IF ampli- 
fiers now available. 


System Description 
Despite the extra complications 
compared to pseudo 
synchronous 
demodulation, 
true synchronous 
demo- 
dulation 
seemed to be the only way in which enhanced 
performance 
could 
be achieved. 
The basic system 
is 
shown in Figure 1 in block diagram form. The IF ampli- 
fier is a four stage, AC coupled design having a sensi- 
tivity of about 20 !LV.With a low loss SAW filter and 3.0 
to 6.0 dB extra gain in the tuner, there is no need for a 
SAW preamp. The TV set signal to noise performance 
is acceptable, 
while 
the net savings 
in cost is consid- 
erable. The AGC is a conventional 
gated system with 
the usual RFAGC output and RFAGC adjustment. 
Three 
stages of the amplifier 
are gain controlled 
to give an 
extended AGC range of 80 dB with improved 
intermo- 
dulation, 
signal 
handling, 
and differential 
phase and 
gain performance. 
The AGC reference is switched when 
positive modulation 
is selected, via the mode switch, to 
ensure the video 
level remains constant. 
Under these 
circumstances 
the AGC must be gated by a pulse which 
will 
sample 
the back porch, 
as opposed 
to negative 
modulation 
where flyback can be used. In both cases a 
positive 
or 
negative-going 
pulse 
may 
be 
used. 
To 
ensure 
that 
the improvements 
in performance 
men- 
tioned 
above were not lost elsewhere, 
great care was 
taken in the design of the video demodulator 
and video 
amplifiers. 
An example of this care is the placing of the 
phase shift required 
by the video demodulator 
on the 
signal side instead of on the oscillator side of the demo- 
dulator 
as is common 
practice. The 90· phase shift is 
produced 
by replacing 
the usual emitter 
resistors 
by 
capacitors in the differential 
amplifier 
(Figure 3) feeding 
the video demodulator. 
The output currents are 90· with 
respect to the input voltage 
over a wide 
band of fre- 
quencies and the small phase errors caused by the tran- 


sistor small signal emitter resistances (re) are corrected 
by the cross-coupled 
resistors. This arrangement 
leads 
to a simpler 
design, the ability 
to adjust the demodu- 
lation angle, and lower distortion 
than is normal at the 
IF amplifier/demodulator 
interface. The dynamic emitter 
resistances, which can give rise to distortion, 
are now 
in quadrature 
with the capacitive 
reactance and, there- 
fore, contribute 
very little to the resultant output. 


Following 
the 
IF amplifier 
and 
preceding 
the 
PLL 
phase detector is a two stage limiter with a gain of 100 
and overall dc feedback. This contrasts with the usual 
single stage of limiting 
with no dc feedback and a tuned 
circuit 
with 
diodes 
at it's output. 
With 
two 
stages of 
limiting, 
the minimum 
gain required to remove signal 
amplitude 
modulation 
can be designed-in 
without 
the 
large voltage 
swings 
of a single stage with 
the same 
gain. 
Large voltage 
swings 
lead to 
poor 
differential 
phase and gain performance, 
hence the need for a tuned 
circuit and diodes as used in previous designs. The dc 
feedback removes the effects of input offsets which are 
another source of differential 
phase and gain problems. 
The combination 
of low swing 
per stage and dc feed- 
back removes the need for having a tuned circuit at the 
output 
of the limiter 
and reduces the danger of IF inst- 
ability 
and radiation. 
The only 
problem 
in using this 
technique 
is the potential for extra static phase shift and 
resultant errors in the demodulating 
angles at the video 
and sound demodulators. 
However, by putting a similar 
two 
stage limiter, 
with 
matching 
phase shift, 
on the 
oscillator 
side of the phase detector, the demodulating 
angles can be restored 
to the correct 
phases (0, 90·). 


Having processed the signal in this way, the VCO is then 
phase locked at 90· to the noniimited 
signal. The only 
unusual 
feature 
of the loop just described 
is that the 
VCO runs at half frequency, 
and is frequency 
doubled 
on-chip. 
This means 
radiation 
from 
the external 
fre- 
quency determining 
components 
will be at "half IF" and 
so will not desensitize the system even if picked up by 
the amplifier 
input leads (this could cause what is known 
as PLL push-off). 
Running the oscillator 
at twice IF fre- 
quency 
and dividing 
down, 
which 
is another 
way of 


solving 
this problem 
has several disadvantages. 
First 
and foremost, 
radiation into the antenna at twice IF pro- 


duces channel 6 and channel 8 problems 
in the USA. 


Secondly, it is easier to produce a stable vea 
at half IF. 


After attaining 
phase lock, demodulation 
of the video 
is achieved by multiplying 
the signal (non limited) with 
the regenerated 
vision 
carrier 
(Vea) 
in a double 
bal- 
anced multiplier, 
the phase relationship 
between 
the 
two waveforms 
being zero degrees. Both positive and 
negative sync video outputs are produced. 
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r"e 
negative sync output 
is intended to be used as 
the actual video and is acted upon by the white 
spot 
noise inverter. This effectively removes the "whiter than 
white" 
noise produced 
by a true synchronous 
demo- 
dulator 
and prevents the eRT from 
being over driven 
and defocused. 
The positive 
sync video output 
is not 
acted on by a white spot noise inverter 
and of course 
the noise output from a synchronous 
detector does not 
contain 
a dc component. 
Hence, this drive should 
be 
used as the sync separator drive because a simple pre- 
separator 
low pass noise filter 
will 
produce 
optimum 
sync performance. 
Note the sense of the video signals 
at the outputs 
remain 
the same whether 
positive 
or 
negative modulation 
is being received. Positive or neg- 
ative 
modulation 
is selected externally 
by the mode 
switch 
pin. 
The 
sound 
intercarrier 
is recovered 
by 


another demodulator 
simnar to the video, except that 
the phase relationship 
between the signal and the vea 
is 90· instead of 0·. A consequence 
of this phase rela- 
tionship 
is that video interference 
of the intercarrier 
sig- 
nal at the detector output is minimized 
by suppression 
of the lower frequency 
video components. 
Should the 
sound carrier contain amplitude 
information, 
as in the 
French TV system or as in some scrambled 
cable sig- 
nals, this information 
can be recovered by feeding the 
sound intercarrier 
output 
back into the circuit through 
a bandpass filter if so desired, to the amplitude 
detector 
provided 
on chip. 
The AFT portion 
of the circuit is the most unconven- 


tional in form. Essentially, AFT is derived by amplifying 
the error signal driving 
the vea 
after phase lock, and 
applying 
this to the local oscillator 
in the tuner, thus 
eliminating 
a coil and a potential 
IF instability 
problem. 


After acquisition, 
and when the circuit has settled down, 
due to the much higher gain in the La loop, the vea 
will have moved a small amount (Mv) from it's nominal 
frequency, 
and almost all the original 
error frequency 
(Me) between La and vea 
will have been corrected by 
the change in La frequency 
(MI). In this way, provided 
the PLL can be initially 
locked to the incoming 
IF signal, 


the vea 
can be used as the frequency 
reference for the 
AFT system. 
It follows 
from 
the 
above 
therefore, 


because the system is phase locked, that Me = (Ilfl + 
Mv). The combination 
of the local vea 
loop and the 
loop produced 
by feedback to the La forms 
a double 
loop PLL. Analysis 
shows that overall system stability 
can be assured 
by treating 
the vea 
loop as a stand 
alone PLL, provided 
its bandwidth 
is much wider than 
the La loop. The vea 
loop therefore is a low gain wide- 


band loop which 
guarantees 
initial 
capture, while 
the 
La loop is basically a high gain dc loop used to keep 
frequency and phase offsets to a minimum. 
Large phase 
offsets can also be caused by dc offsets in the phase 
detector and AFT amplifier. 
These are removed 
by the 
use of commutation 
on both the phase and AFT outputs. 


This eliminates the need for external phase adjustment, 
while at the same time minimizing 
distortion 
by main- 
taining the correct phase angles at the demodulators. 
The AFT system 
has been designed 
to acquire the 
vision carrier, without false locking to the sound or adja- 
cent sound carriers, with an initial 
La frequency 
error 
of ± 2.0 MHz, reducing this initial error to 3.0 to 10 kHz 
when locked. This contrasts to the discriminator 
type of 
AFT's which 
have highly asymmetric 
lock characteris- 
tics (- 2.0 MHz + 1.0 MHz), because of the effects of 
the IFfilter, and large frequency errors caused by limited 
loop gain. To achieve this level of performance 
without 
encountering 
the normal AFT problems associated with 
high 
loop gain, a novel approach 
has been taken to 
locking up to the PLL. In the absence of an IF signal, the 
acquisition 
circuitry 
examines the state of the video (I) 
and sound (0) demodulators 
and detects the lack of a 
signal. 
It then clamps the La drive to a reference dc 
level and applies a - 2.0 MHz offset to the vea. 
This is 
done so that the nominal 
IF (should a signal appear), 


and the vea, 
are sitting 
in the center of the IF filter 
passband. Therefore, even if the La drifts high by + 2.0 


MHz, the signal will 
not be s·ignificantly 
attenuated 
by 
the 
filter. 
When 
the 
acquisition 
circuit 
detects 
the 
appearance 
of a signal, beat notes are produced 
at the 
output 
of 
the 
demodulators, 
a sweep 
generator 
is 
switched 
on, and immediately 
sweeps the VCO an addi- 
tional 
- 2.0 MHz from it's out of lock nominal frequency. 


During this negative 
sweep, the PLL phase detector 
is switched 
off so phase lock cannot 
be obtained. 
The 
VCO is then swept positive from 
- 2.0 MHz to + 2.0 MHz 
of nominal 
with the phase detector 
switched 
on. The 
PLL will therefore 
lock to the first carrier it encounters. 


This in fact must be the vision carrier because the sound 
carrier is more negative than 
- 2.0 MHz from 
nominal 
and the adjacent sound carrier is higher than the vision 
carrier. 
On achieving 
phase 
lock, the 
AFT clamp 
is 
released, the VCO offset is slowly 
removed, the sweep 
is inhibited 
and the phase detector 
remains 
enabled. 
With 
the AFT clamp 
removed, 
a large error 
voltage 
appears 
at the AFT output, 
driving 
the system 
back 
towards the correct frequency. Since the LO loop is slow 
and the VCO is fast, the IF changes slowly and the VCO 
tracks 
it, maintaining 
phase lock until 
the final 
static 
conditions 
are reached. For large frequency 
errors dur- 


ing this period the slew rate of the LO loop is increased, 


but not to the extent where 
it would 
cause any VCO 
tracking 
problems. 
This technique 
allows 
the acquisi- 
tion 
time 
of the circuit 
to be considerably 
shortened 
while 
still using a larger than normal 
time constant 
in 
the LO loop. To accommodate 
all types of tuners and 
LO's, positive 
or negative 
LO drive 
can be selected 
externally 
by operation 
of the AFT switch. 
The AFT 
switch 
also has a third 
position 
which disconnects 
the 
drive to the tuner. Under this condition 
the TV set can 
be tuned in the normal manner and so appears to have 
a conventional 
type of AFT. Other PLL AFT systems can- 
not be manually 
tuned 
in this way 
having 
an abrupt 
capture characteristic 
when tuned, and because of this, 
have not gained general acceptance in industry. 


ALIGNMENT 
The alignment 
is very simple 
and inexpensive 
com- 
pared to 
other 
IF amplifier 
circuits, 
especially 
those 
using a PLL. With a CW input signal of correct 
picture 
carrier 
frequency, 
the LO side of the 22 k resistor 
in 
series with the loop is connected to a dc supply. The dc 
supply (approximately 
2.5 V) is adjusted until the output 
of the tuner is 45.75 MHz. The VCO coil is adjusted until 
lock is obtained and the voltage across the 22 k resistor 


AS 
Adjacent 
Nominal Channelwith Initial 2.0 MHz Offset 


P 
Asl 
l~ 
Initial nominal offset of VCOand LO (AFT).When a beat note 
I 
is detected, AFT bias is held and VCOis swept another 


I 


I 2.0 MHz low with phase detector inhibited, then the VCO is 


I 
I swept high with the phase detector active. Upon phase lock, 


a 
. 
I the AFT clamp 
is removed 
and the initial vea offset 
is slowly 


I 
I 
I removed. 
Capture 
of desired 
picture 
carrier 
is assured 
even 
IF 
I 
I 
I mistuned ± 2.0 MHz. 
I 
I 
I 
- 2.0 MHz Mistuning with Initial 2.0 MHz Offset 


• 


is zero. The dc supply 
is then removed. 


A digital AFT up/down output having a :!: 30 kHz dead 
zone is also provided by the circuit. Again, as in the case 
of the analog output, 
the digital output 
polarity 
can be 
controlled 
externally 
by the AFT switch. 


Note: 


Most 
pins 
on the Ie have electrostatic 
protection 
diodes to Vee and ground. 
It is therefore 
imperative 
that no pin is taken below ground or above Vee by more 
than one diode drop without 
current 
limiting. 


CW. 


Picture 
Carrier 
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The MC44802 
is a tuning 
circuit 
for TV applications. 
It contains 
on one chip 
all the functions 
required 
for PLL control 
of a VCO. 
This 
integrated 
circuit 
also contains 
a high 
frequency 
prescaler 
(which 
can be bypassed 
by software 
control) 
and thus can handle 
frequencies 
up to 1.3 GHz. 
The 
MC44802 
is manufactured 
on a single 
silicon 
chip 
using 
Motorola's 
high 
density 
bipolar 
process, 
MOSAIC 
(Motorola 
Oxide 
Self Aligned 
Implanted 
Circuits). 


• 
Complete 
Single 
Chip System 
for MPU Control 
(IIC Bus) 


• 
Selectable 
Divide-by-8 
Prescaler 
Accepts 
Frequencies 


>1.0 
GHz 


• 
15-Bit Programmable 
Divider 
Accepts 
Input 
Frequencies 


>125 
MHz 


• 
Programmable 
Reference 
Divider 


• 
Tri-State 
Phase/Frequency 
Comparator 


• 
Op Amp 
for Direct Tuning 
Voltage 
Output 
(33 V) 


• 
Seven 
High Current 
Output 
Buffers 
(10 mAl 


• 
Output 
Options 
for 62.5 kHz, Reference 
Frequency 
and the 


Programmable 
Divider 


• 
Software 
Compatible 
with 
MC44810 


3 


VCC1 


PLL TUNING 
CIRCUIT 


WITH 1.3 GHz PRESCALER 


CASE 707-02 
~ 
PLASTIC PACKAGE 1!WJ~~~~~II 


1 


DWSUFFIX 
CASE 751C-03 
PLASTIC PACKAGE 


SO-1Bl 


PIN ASSIGNMENT 


Out 
In 


VCC2 
PHO 


VCC1 
XTAl 


HF 
SOA 


HF 
SCl 


Gnd 
87 


17 
80 
86 


81 
85 


82 
84 


ORDERING INFORMATION 


Operating 
Temperature 


Device 
Range 
Package 


MC44802P 
18-Pin DIP 
O·Cto 70·C 
MC44802DW 
18-Pin SOIC 


II 


Ratings 
Pin 
Value 
Unit 


Power 
Supply 
Voltage 
VCCl 
3 
6.0 
V 


Band 
Buffer 
"OFF" 
Voltage 
7 to 13 
15 
V 


Band 
Buffer 
"ON" 
Current 
7 to 13 
15 
mA 


Op Amp 
Power 
Supply 
Voltage 
VCC2 
2 
36 
V 


Op Amp 
Short 
Circuit 
Duration 
(0 to VCC2) 
1 
Continuous 
V 


Storage 
Temperature 
- 65 to + 150 
°C 


Operating 
Temperature 
Range 
o to + 70 
°C 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


VCCl 
Supply 
Voltage 
Range 
3 
4.5 
5.0 
5.5 
V 


VCCl 
Supply 
Current 
(VCCl 
~ 
5,0 V) (Note 
1) 
3 
- 
60 
90 
mA 


VCC2 Supply 
Voltage 
Range 
2 
25 
30 
35 
V 


VCC2 
Supply 
Current 
(Output 
Open) 
2 
- 
0,8 
2,0 
mA 


Band 
Buffer 
Leakage 
Current 
When 
"OFF" 
at 12 V 
7 to 13 
- 
0,01 
1,0 
IJoA 


Band 
Buffer 
Saturation 
Voltage 
When 
"ON" 
at 10 mA 
7 to 13 
- 
0.6 
1,0 
V 


Data/Clock 
Current 
at 0 V 
14.15 
-10 
- 
0 
IJoA 


Clock 
Current 
at 5.0 V 
14 
0 
- 
1.0 
IJoA 


Data 
Current 
at 5.0 V Acknowledge 
"OFF" 
15 
0 
- 
1,0 
IJoA 


Data 
Saturation 
Voltage 
at 15 mA 
Acknowledge 
"ON" 
15 
- 
- 
1,0 
V 


Data/Clock 
Input 
Voltage 
Low 
14.15 
- 
- 
1,5 
V 


Data/Clock 
Input 
Voltage 
High 
14.15 
3,0 
- 
- 
V 


Clock 
Frequency 
Range 
14 
0 
- 
100 
kHz 


Phase 
Detector 
Tri·State 
Current 
17 
-15 
0 
15 
nA 


Phase Detector 
High-State 
Source 
Current 
(Cff 
1.5 V) 
17 
-3.0 
-2,2 
- 1,5 
mA 


Phase 
Detector 
Low-State 
Sink 
Current 
(@ 3.5 VI 
17 
2,0 
30 
4.0 
mA 


Op Amp 
Internal 
Reference 
Voltage 
- 
2.0 
- 
3.0 
V 


Op Amp 
Input 
Current 
18 
-15 
0 
15 
nA 


DC Open 
Loop 
Gain 
- 
5000 
- 
- 


Gain 
Bandwidth 
Product 
(RL = 10 k. CL = 20 pF) 
- 
0,3 
- 
- 
MHz 


Phase 
Margin 
(RL = 
10k. 
CL = 20 pF) 
- 
50 
- 
- 
Deg. 


Vout 
Low. 
Sinking 
50 p.A 
1 
- 
0.1 
0,3 
V 


Vout 
High. 
Sourcing 
50 1Jo.A,VCC2 
1 
-4,0 
-3,0 
- 
V 


HF In/Ref 
DC Bias 
4.5 
- 
1,6 
- 
V 


HF Voltage 
Range 
Prescaler 
"OFF" 
10-150 
MHz 
5 
20 
- 
1500 
mVrms 


HF Voltage 
Range 
Prescaler 
"ON" 
50-950 
MHz 
5 
30 
- 
1500 
mVrms 


HF Voltage 
Range 
Prescaler 
"ON" 
950- 
1300 MHz 
5 
50 
- 
1000 
mVrms 


Device 
is in test mode: 
R2 = 
1, R3 
=: a (see Bus Section) 
sensitivity 
is level of HF generator 
on 50 ohms 
load 


(without 
MC44802 
load). 


Pin 
Function 
Description 


1 
Out 
Operational 
amplifier 
output 
which 
provides 
the tuning 
voltage 


2 
VCC2 
Operational 
amplifier 
positive 
supply 


3 
VCCl 
Positive 
supply 
of the circuit 
(except 
op amp) 


4 
HFin or HFref 
Either 
of the inputs 
may 
be used as reference 
5 
HFin or HFref 


6 
Gnd 
Ground 


7,8,9,10,11,12,13 
BO, B1, .......B7 
Band buffer 
output 
cal'} drive 
up to 10 mA 


14 
SCL 
Clock Input 
(supplied 
by the microprocessor 
via IIC bus) 


15 
SDA 
Data Input 


16 
XTAL 
Crystal 
Input 
(4.0 MHz) 


17 
PHD 
Phase Comparator 
Output 


18 
In 
Negative 
Operational 
Amplifier 
Input 


II 


II 


HFin----1 


1.0 nF 


,...-----, 
: 
' 
I 
I 
l 
J 


r----' , 
II 
I 
L 
J 


17 


(PHD) 


r----' 
, 
, 


, 
I 


I.. 
.J 


r----1 
; 
I 
I 


L 
J 


FUNCTIONAL DESCRIPTION 
A representative 
block diagram and a typical system 
application 
are shown in Figures 4 and 5. A discussion 
of the features 
and function 
of each of the 
internal 
blocks is given below. 


Clock 
IC Bus 
Data 


UHF 
VHF 


Bill 
II 


The circuit 
receives the information 
for tuning 
and 
control via a two-wire 
bus (Motorola 
Bus, IIC compati- 
ble). The incoming 
information 
consisting 
of a chip 
address byte followed 
by two 
or four 
data bytes, is 
treated in the IIC bus receiver. The definition 
of the per- 
missible bus protocol 
is shown below: 


1 
STA 
CA 
CO 
BA 
STO 
2_STA 
CA 
FM 
FL 
STO 
3_STA 
CA 
CO 
BA 
FM 
4__STA 
CA 
FM 
FL 
CO 


STA = Start Condition 
STO = Stop Condition 
CA 
= Chip Address Byte 
CO 
Data Byte for Control Information 
FM 
Data Byte for Frequency Information 
(MSB' S) 
FL 
Data Byte for Frequency Information 
(LSB' S) 
BA 
Band Information 


Frequency information 
is preceeded by a Logic "0." 


If the function 
bit is Logic "1" the two following 
bytes 
contain control 
and band information 
where the bits 
have the following 
functions: 


Bit RDand R1 
Define the reference divider division 
ratio. 


Four ratios are available (see Table 1). 


Bit R2 and R3 
Are used to switch internal signals to the buffer out- 
puts. Pin 10 and 11 (see Table 2). 


- 
Bit R2, R6 and T 
Are used to control 
the phase comparator 
output 
stage (see Table 3). 


Bit P 
Switches the prescaler in and out. At Logic "1" the 
prescaler is bypassed and the power supply of the 
prescaler is switched off. 


Figure 6 shows the five bytes of information 
that are 
needed for circuit operation: 
there is the chip address, 


two 
bytes of control 
and band information 
and two 
bytes of frequency 
information. 


After the chip address, two or four data bytes may be 
received: if three data bytes are received the third data 
byte is ignored. 
If five or more data bytes are received the fifth and 
following 
data bytes are ingored and the last acknowl- 
edge pulse is sent at the end of the fourth data byte. 
The first and the third data bytes contain a function 
bit which allow the IC to distinguish 
between frequency 
information 
and control plus band information. 


1 
1 
0 
0 
0 
0 
1 
0 
ACK 


G)R6 
T 
P 
R3 
R2 
R1 
RO ACK 


67 
66 
65 
64 
X 
62 
61 
60 
ACK 


(VN14 
N13 N12 N1' 
N10 
N9 
N8 
ACK 


N7 
N6 
N5 
N4 
N3 
N2 
N1 
60 
ACK 


Input o.t. 
Reference 
Divider 


R1 
RO 
Division 
Ratio 


0 
0 
2048 


0 
1 
1024 


1 
0 
512 


1 
, 
256 


Input o.t. 
Test Outputs 
on Buffers 


R2 
R3 
Pin 10 
Pin 11 


0 
0 
- 
- 


0 
1 
62.5 kHz 
- 


1 
0 
Fret 
F6Y2 


1 
1 
- 
- 


Bit B4 has to be "zero" when Pin 10 is used to output 
62.5 kHz. 
Bit 4 and B5 have to "zero" 
to output Fref and FBY2. 
FBY2 is the programmable 
divider output frequency 
divided by two. 


Input Data 
Output State of the PhaseComparator 


R2 
R6 
T 


0 
0 
0 
Normal 
Operation 
0 
0 
1 
Off (High Impedancel 
0 
1 
0 
High 
0 
1 
1 
Low 
1 
0 
0 
Normal 
Operation 
1 
0 
1 
Off 
1 
1 
0 
Normal 
Operation 


1 
1 
1 
Off 


BA_Band Information 
I,-B_7 
__ 
B_6 
B_5 
__ 
B_4 
X 
B_2__ 
B_l 
B_O 
__ A_C_K-J1 


The band buffers are open collector 
transistors 
and 
programmable 
divider is set to a counting 
ratio of N 
are active 
"low" 
at Bn = 
1. They are designed 
for 
256 or higher. 
10 mA with a typical 
on-resistance 
of 70 ohms. These 
buffers are designed to withstand 
relative high output 
voltage 
in the off-state. 
B4 and B5 buffers IPins 10 and 111may also be used 
to output 
internal 
IC signals (reference frequency 
and 
programmable 
divider output 
frequency 
divided 
by 2) 
for tests pu rposes. 
Buffer B4 may also be used to output a 62.5 kHz fre- 
quency 
for 
an 
intermediate 
stage 
of 
the 
reference 
divider. 
The bit B4 and/or 
B5 have to be zero if the 
buffers are used for these additional 
functions. 


THE PROGRAMMABLE 
DIVIDER 
The 
programmable 
divider 
is a presettable 
down 
counter. When it has counted to zero it takes its required 
division 
ratio out of the latches B. Latches B are loaded 
from 
latches A by means of signal TDI which 
is syn- 


chronous 
to the programmable 
divider output signal. 


Since latches A receive the data asynchronously 
with 
the programmable 
divider, this double latch scheme is 
needed to assure correct data transfer to the counter. 
The division 
ratio definition 
is given by: 
N = 16384xN14 + 8132xN13 + ..... + 4xN2 
+ 2xNl 
+ NO 


Max Ratio 32767 
Min Ratio 17 


Where 
NO 
N14 are the different 
bits for frequency 
information. 


The counter 
may be used for any ratio between 
17 
and 32767 and reloads correctly 
as long as its output 
frequency 
does not exceed 1.0 MHz. 
The data transfer between latches A and B (signal TDI) 
is also initiated 
by any start condition 
on the IIC bus. 
At power-on 
the whole bus receiver is reset and the 


THE PRESCALER 
The prescaler 
has a preamplifier 
which 
guarantees 
high input sensitivity. 
The prescaler may be by-passed 
IBit PI and the signal then passes through 
preamp 2. 


THE PHASE COMPARATOR 
The phase comparator 
is phase and frequency 
sen- 
sitive and has very low output 
leakage current 
in the 
high impedance state. 


THE OPERATIONAL 
AMPLIFIER 
The operational 
amplifier 
is designed 
for very low 
noise, low input 
bias current 
and high power supply 
rejection. The positive input is biased internally. The op 
amp needs 31 V supply IVCC2) as minimum 
voltage for 
a guaranteed 
maximum 
tuning voltage of 28 V. 
Figure 1 shows 
a possible 
filter 
arrangement. 
The 
component values depend very much on the application 
(tuner characteristic, 
reference frequency, etc.); 
As a starting point for optimization, 
the components 
values in Figure 1 may be used for 7.8125 kHz reference 
frequency 
in a multi band TV tuner. 


THE OSCILLATOR 
The oscillator 
uses a 4.0 MHz crystal tied to ground 
or VCC1 through 
a capacitor, 
used in the series reso- 
nance mode. 
The voltage 
at Pin 16, "crystal," 
has low amplitude 
and low harmonic 
distortion. 


SYSTEM 
APPLICATION 
Table 4 is a summary 
of the circuit applications 
using 
a 4.0 MHz crystal. 


II 


With 
Int. Prescaler 
Without 
Prescaler 


Reference 
P = 0 
P = 1 


Frequency 
Frequency 
Ma •. Input 
Frequency 
Max. 
Input 
Input 
Data 
Ref. Divider 
Hz 
Steps 
Frequency 
Steps 
Frequency 


Rl 
RO 
Div. Ratio 
(1) 
kHz 
MHz 
kHz 
MHz 


0 
0 
2048 
1953.125 
15.625 
512 
1.953125 
64 
0 
1 
1024 
3906.25 
31.25 
1024 
3.90625 
128 
1 
0 
512 
7812.5 
62.5 
1300121 
7.8125 
165(31 


1 
1 
256 
15625.0 
125 
1300(21 
15.625 
165(31 


(1) With 
4.0 MHz Crystal 
(21 Limit 
of Prescaler 
(3) Limit of Programmable 
Divider 
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FM IF AMPLIFIER, 
LIMITER, 
FM DETECTOR 
AND 
AUDIO 
PREAMPLIFIER 
An integrated 
circuit specifically 
designed for use in the sound 
section of TV receivers and the FM/IF portion of radio receivers. 
The TBA120C is pin for pin and function 
compatible 
with the 
proelectron 
type TBA120S but includes an improved 
dc volume 
control, which 
makes "grouping" 
or selection unnecessary. 


• 
Excellent 3.0 dB Limiting 


• 
High A.M. Rejection 


• Wide Supply Voltage Range 


• Auxiliary 
Zener Diode and Transistor 


• 
Minimum 
Number of External Components 
Required 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


41, 
"Z1 


zz 


1.Ok 


4 
Q45 
II 


Rating 
Value 
Unit 


Power 
Supply 
Voltage 
+18 
Vdc 


Power 
Dissipation 
(Package 
Limitation) 
Plastic 
Package 
625 
mW 
Derate 
above 
TA = + 25·C 
5.0 
mWrC 


Operating 
Temperature 
Range 
o to 
+75 
·C 


Storage 
Temperature 
Range 
-65 
to 
+ 150 
·C 


Characteristic 
Min 
Typ 
Max 
Unit 


Supply 
Voltage 
Range 
6.0 
- 
18 
Volts 


Supply 
Current 
10 
14 
18 
mA 


Audio 
Output 
110 ~ 5.5 MHz, M 
~ 
50 kHz, 0 = 45) 
- 
1.0 
- 
Volts 
RMS 


Audio 
Output 
110 ~ 10.7 MHz, 
~I = 75 kHz, 0 = 35) 
- 
0.38 
- 
Volts 
RMS 


3.0 dB Limiting 
(10 = 5.5 MHz, ~I = 50 kHz, 0 
~ 
45) 
- 
30 
60 
"VRMS 


3.0 dB Limiting 
(10 ~ 
10.7 MHz, M 
~ 
75 kHz, 0 
~ 
35) 
- 
40 
- 
"VRMS 


A.M. 
Rejection 
(10 ~ 5.5 MHz, 
RF Input: 
500 "V) 
45 
- 
- 
dB 


A.M. 
Rejection 
(10 = 10.7 MHz, 
RF Input: 
500 "V) 
40 
- 
- 
dB 


Volume 
Control 
Range 
65 
75 
- 
dB 


Output 
Impedance 
- 
2.6 
- 
kn 


Characteristic 
Min 
Typ 
Max 
Unit 


Z-Voltage 
@ 5.0 mA 
IPin 
12) 
11.2 
- 
13.2 
Volts 


Z-Resistance 
(Pin 
12) @ 1.0 kHz, 5.0 mA 
- 
15 
- 
n 


045 
Breakdown 
Voltage 
VCEO 
13 
- 
- 
Volts 


045 
Current 
Gain 
@ IC = 1.0 mA, 
VCE 
~ 
5.0 V 
40 
100 
- 
- 


0.01 
0.01 
r 


+ 


10~F 1 


FIGURE 
2 - 
AUDIO 
OUTPUT 
AND 
SIN versus 
INPUT 
SIGNAL 
lEVEL 
AT 5.5 AND 
6.0 MHz 
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FIGURE 
4 - 
A.M. 
REJECTION 
versus 
INPUT 
SIGNAL 
lEVEL 
AT 5.5 AND 
6.0 MHz 
(30% A.M .• 50 kHz F.M.1 


11111JH! I U 


C; 
1.2nF,- 


"" 


C; 
1.5nF 
;... 


COMPONENT 
VALUES: 


L 
Cl 
a 


5.5 MHz 
0.55 JLH 
1.5 nF 
45 
6.0 MHz 
0.55 JLH 
1.2 nF 
45 
10.7 MHz 
2.2 JLH 
100 pF 
35 


C2 = 0.022 JLF.together 
with 
the integrated 
resistor 
of 
2.6 kO (Pin 8) gives the deemphasis 
and can be reduced 
if required. 
For stereo 470 pF should 
be used to provide 
H.F. decoupling. 


FIGURE 
3 - 
AUDIO 
OUTPUT 
AND 
SIN versus 
INPUT 
SIGNAL 
lEVEL 
AT 10.7 MHz 


O~t~utII 
I111111111 


o dB = 3BO mV IRMS) @ tlF' ':" 'is kHz 


SIN 
'k 
I 


~-40 
>- 
~-50 
::> 
0_60 


-70 


-SO 


10 !LV 


FIGURE 
5 - 
A.M. 
REJECTION 
versus 
INPUT 
SIGNAL 
lEVEL 
AT 10.7 MHz 
(30% A.M .• 75 kHz FMI 
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MOTOROLA 


FM STEREO 
DEMODULATOR 
DESIGNED 
FOR USE IN HI-FI STEREO 
RECEIVERS 
AND CAR RADIOS 


• 
Wide Supply Range: 8 - 
16 Vdc 


• 
Excellent 
Channel 
Separation 
Maintained 
Over Entire 
Audio 


Frequency Range (Fixed or Adjustable) 


• 
Variable Blend Control 


• 
Low Distortion: 
0.3% THD at 2.5 Vp-p Composite Input Signal 


• 
Excellent Rejection of AR I Subcarrier (57 kHz) 


• 
Excellent 
Rejection of Pilot Tone Harmonics including 114 kHz 


• 
Wide Dynamic Range: 0.5 - 2.5 Vp-p Composite Input Signal 


• 
Up to 6 dB Gain (Monaural) 


• 
Low Output Impedance 


• 
Transient·free Mono/Stereo Switching 


• 
50 dB Supply Ripple Rejection 


• 
Integrated 
Stereo/Monaural 
Switch 
- 
100 mA 
Lamp Driving 
Capability 


• 
Requires No Inductors 


FM STEREO 
DEMODULATOR 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
,- 
1 


Stereo 
~ 


PIN FUNCTIONS 
1 ~ 
Input 


2 - 
Preamplifier 
output 
3 - 
Left amplifier 
input 


4 - 
Left 
channel 
output 
5 - 
Right 
channel 
output 
6 - 
Right 
amplifier 
input 


7 - 
Stereo 
indicator 
Lamp 
8 - 
Ground 
9 - 
Stereo 
switch 
filter 


10 - 
Stereo 
switch 
filter 
11 -19 
kHz output/blend 
12 - 
Modulator 
input 


13 - 
Loop 
filter 


14 - 
Loop 
filter 


15 - 
Oscillator 
RC network 


16 - 
VCC 


Rating 
Value 
Unit 


Power Supply Voltage 
16 
Volts 


Power Dissipation (Package limitation) 
1800 
mW 


Derate above T A = +250C 
15 
mW/oC 


Operating Temperature Range (Ambient) 
-40 
to +85 
°c 


Storage Temperature Range 
-65 
to +150 
°c 


Lamp Drive Voltage (Max. voltage at Pin 7with 
lamp "off") 
30 
Volts 


Lamp Current 
100 
mA 


Blend Control 
Input Voltage 
(Pin") 
10 
Volts 


ELECTRICAL 
CHARACTERISTICS 
Unless otherwise noted: VCC = +12 Vdc. TA = 25°C. 2.5 Vp·p standard multiplex 
composite sig- 


nal with Lor R channel only modulated at 1.0 kHz and with 10% pilot level, usingcircuit of Figure 1. 


Characteristic 
Min. 
Typ. 
Max. 
Unit 


Stereo Channel Separation: Unadjusted 
30 
- 
- 
dB 


Optimised on other channell 
40 
- 
- 


Monaural Voltage Gain 1 
0.8 
1.0 
1.2 


THO at 2.5 Vp-p Composite Input Signal 
- 
- 
0.3 
% 


at 1.5 Vp-p Composite Input Signal 
- 
0.2 
- 


Signal/Noise Ratio 
dB 
RMS 20 Hz - 15 kHz 
- 
90 
- 


Ultrasonic Frequency Rejection 
19 kHz 
- 
31 
- 
dB 


38 kHz 
- 
50 
- 


Stereo Switch Level t 19 kHz input level for lamp "on") 
12 
16 
20 
mVrms 
Hysteresis 
- 
6.0 
- 
dB 


Quiescent Output Voltage Change with Mono/Stereo Switching 
- 
5.0 
20 
mVdc 


Stereo 
Blend Control 
Voltage 
(Pin") 
3 dB Separation 
- 
0.7 
- 
V 
(see Figure 2) 
30 dB Separation 
- 
1.7 
- 
V 


Minimum 
Separation 
(Pin 11 at 0 VI 
- 
- 
1.0 
dB 


Monaural Channel Imbalance (pilot tone off) 
- 
- 
0.3 
dB 


ARt 57 kHz Pilot Tone Influence on THD2 
- 
- 
0.5 
% 


Sub-earrier Harmonic Rejection 
76 kHz 
- 
45 
- 
dB 
114 kHz 
- 
50 
- 


152 kHz 
- 
50 
- 


Supply Ripple Rejection 
- 
50 
- 
dB 


Input Impedance 
- 
50 
- 
Kn 


Output 
Impedance 
- 
100 
- 
n 


Blend Control Current 
- 
- 
-300 
pA 


Capture Range 
- 
t 5.0 
- 
% 


Operating Supply Voltage 
8.0 
- 
16 
V 


Current Drain (lamp off) 
- 
35 
- 
mA 


Notes: 1 See Applications Information and Circuit Description 


2 AR I Test - 
Input signal: 1.5 Vp-p standard composite signal, 1 kHz modulation added to a CW 50 mVrms signal at 57.3 kHz. 


II 


TYPICAL 
CHARACTERISTICS 


Unless otherwise noted Vcc = +12 V. T A = +2SoC. 
Input Signal is Modulated 
Lor 
R with 10% Pilot Level. {See Fig. 16.1 


: High Loop Gain Circuit 


Normal Circuit 
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INTRODUCTION 


The 
TCA4500A 
is a phase-lock-loop 
stereo 
decoder 
which 
incorporates 
a variable 
separation 
control, 
and 
in 
which 
sensitivity 
to the third 
harmonics 
of both 
the pilot 
and sub-carrier 
frequencies 
has been eliminated 
by the use 
of appropriate, 
digitally 
generated, 
waveforms1in 
the phase- 


lock-loop 
and decoder 
sections. 
The 
variable 
separation 
control 
may 
be 
operated 
manually, 
or 
by 
a receiver's 
AGC 
or 
S meter 
signals, 
to 
provide 
smooth 
transitions 
between 
monaural 
and stereo 


reception. 
It operates 
only 
during 
stereo 
reception: 
the 
circuit 
switches 
automatically 
to monaural 
if the 
19kHz 
pilot 
tone 
is absent. 
The 
elimination 
of 
sensitivity 
to 
the 
third 
harmonic 
(114 
kHz) of the sub-carrier 
(38 kHz) excludes 
interference 
from 
the 
100 
kHz 
(European 
Spacing) 
spaced 
side bands 


of adjacent 
transmitters, 
while 
elimination 
of sensitivity 
to the third 
harmonic 
(57 kHz) of the pilot 
tone 
(19 kHz) 
excludes 
interference 
from 
the 
AR 1* system 
employed 
in 
Europe. 


"Auto Radio Information. 


CIRCUIT 
OPERATION 
The 
block 
diagram 
of the 
circuit, 
shown 
in Fig. 
10, 
consists 
of three 
sections: 
the 
phase-lock-loop, 
including 
the digital 
waveform 
generator: 
the stereo 
switch: 
and the 
decoder, 
in which 
the 
composite 
stereo 
signal 
is demodu- 
lated and matrixed 
to separate 
Land 
R channels. 
In 
the 
phase-lock-loop 
the 
internal 
RC 
oscillator, 


operating 
at 228 kHz, feeds a 3 stage Johnson 
counter, 
via 
a binary 
divider, 
to 
generate 
a series 
of 
19 kHz 
square 
waves. 
By the 
use of suitably 
connected 
NAND 
and 
EX- 
CLUSIVE 
OR 
gates, 
the 
waveforms 
shown 
in 
Fig. 
11, 
which 
are used to drive 
the various 
modulators 
in the cir- 
cuit, 
are developed. 


The 
use of such 
drive 
waveforms 
produces 
the 
modu- 
lating 
functions 
also shown 
in Fig. 11. The usual 
square- 


waveforms 
have 
been 
replaced 
in the 
PLL 
and 
decoder 
sections 
by 3-level forms 
which 
contain 
no third 
harmonic 
(actually 
no harmonics 
which 
are multiples 
of 2 or 3 are 
present). 
This 
eliminates 
the 
frequency 
translation 
of 
interference 
from 
these 
bands 
into 
the 
low 
frequency 
region. 
Such translation 
may produce 
audible 
components 


in the 
decoder 
section 
from 
the 
sidebands 
of adjacent 
channel 
FM 
signals, 
and 
may 
produce 
phase 
jitter, 
and 
consequent 
intermodulation 
distortion, 
in the 
PLL, 
from 
the 
modulated 
57 kHz tones 
of the ARI system. 
The TCA 
4500A 
is inherently 
free from 
these 
effects. 
The 
stereo 
switch 
section 
is of 
conventional 
form 
(e.g. MC1310). 


The 
decoder 
section 
consists 
of a modulator 
(driven 
by the 
waveforms 
shown 
in Fig. 
11) whose 
outputs 
are 
the 
inverted 
and 
non-inverted 
channel 
difference 
signals. 
These 
signals 
pass to the output 
amplifiers 
via the variable 


blend 
circuit 
in which 
they 
are partially 
combined, 
and 
hence 
mutually 
attenuated, 
according 
to 
the 
control 
voltage 
appl ied. 


Matrixing 
occurs 
at the inputs 
of the output 
amplifiers, 


where 
the 
unmodified 
composite 
signal 
is added 
to 
the 
blended 
channel 
difference 
signals. 
The 
stereo 
separation 
may 
be 
progressively 
reduced 
from 
maximum 
to 
zero, 


dependent 
on 
the 
blending. 
The 
control 
law 
has 
been 
made 
non-linear, 
as 
the 
major 
redistribution 
of 
sound 
energy 
occurs 
at very low separation 
levels. For monaural, 


or very weak 
stereo 
signals, 
the 
modulator 
in the decoder 
section 
is disactivated 
by the 
stereo 
switch 
circuit. 
The 
variable 
separation 
control 
is thus, 
also, 
automatically 
disabled. 


~ 


PLL 1'9 kH,) 
~ 


StereoSwitch 
~ 
1'9kH,) 
~ 


APPLICATION 
INFORMATION 


GAIN AND DE-EMPHASIS 
The 
gain and de-emphasis 
characteristics 
of the circuit 
are defined 
by shunt feedback 
via the external 
RC networks 
(R3, 
C6, R4, C7 of Fig. 1) around 
the 
output 
amplifiers. 


The 
gain 
is 
unity 
when 
resistors 
of 
5.1 
kS1 are 
used. 
Higher 
gains 
may 
be obtained 
by using 
networks 
of the 
form 
shown 
in Fig. 12. 
The 
resistors 
R6, 
R7 are added 
to correct 
the output 
quiescent 
voltage 
levels which 
are optimized 
for R3, R4 ~ 


5.1 kS1 and which 
would, 
if uncorrected, 
become 
too 
low 


with 
higher 
value 
resistors. 
Suitable 
network 
values 
are 
as follows: 


Gain (dB) 
R3,R4 
C6,C7 
R6, R7 


50~s 
75 ~s 


0 
5.1kn 
10nF 
15 nF 


3 
6.8kn 
6.8nF 
10 nF 
47k.10% 


6 
10k 
4.7 nF 
6.8 nF 
27k.10% 


The maximum 
output 
level is 1 Vrms; consequently 
the 
max. 
input 
is limited 
to 1.4 Vp-p if the gain is set to 6 dB. 


SEPARATION 
ADJUSTMENT 
A 
separation 
adjustment 
may 
be 
added, 
as 
shown 
below, 
(Fig. 
13), 
to 
compensate 
for 
the 
receiver's 
IF 


characteristics. 


This 
network 
reduces 
the amplification 
of the channel 
sum 
signal 
in the 
decoder, 
to 
compensate 
the 
attenua- 


tion 
of the 
channel 
difference 
signal 
in the 
receiver's 
IF 
section. 
The 
network 
shown 
will compensate 
for up to 2 
dB attenuation 
at 38 kHz. The decoder 
gain is, obviously, 


reduced 
by an amount 
equal to the compensation 
required. 


When 
used 
as described, 
the adjustment 
also corrects 
the 
inherent 
separation 
of 
the 
decoder, 
which 
may 
be op- 


timized 
on 
one 
channel. 
Optimization 
of 
both 
channels 
is possible 
if separate 
potentiometers 
are 
used 
to 
feed 
each output 
ampl ifier. 


VARIABLE 
SEPARATION 
(BLEND) 
CONTROL 
AND 


19 kHz OUTPUT 


To 
retain 
the 
16-pin 
package, 
the 
blend 
control 
has 


been 
combined 
with 
the 
19 kHz 
output 
on pin 
11. The 
internal 
circuit 
providing 
this 
combination 
is shown 
in 
Fig.14. 
If pin 
11 is left open-circuit, 
the 
19 kHz signal appears 


at a mean 
dc level of 4 V. The blend 
circuit 
is inoperative 
at this 
level and the decoder 
provides 
full separation. 
The 


19 kHz signal can 
be used 
to tune 
the 
internal 
oscillator. 


To 
reduce 
the 
separation, 
the 
voltage 
on 
pin 
11 
is 
lowered. 
At 3.2 
V, T2 ceases 
conduction 
and 
the 19 kHz 
signal disappears. 


At 
2.3 
V, the 
blend 
circuit 
comes 
into 
operation 
and 
the 
separation 
decreases 
according 
to the curve 
shown 
in 
Fig. 15. 


II 


~% 
Test 
Point 
1100n 


OSCILLATOR 
TUNING 
If the variable 
separation 
facility 
is not required, 
pin 11 
is 
left 
open-circuit 
and 
the 
19 
kHz 
signal 
which 
then 
appears 
may 
be used 
to indicate 
the 
oscillator 
frequency. 


If the variable 
separation 
is used, and the drive circuit 
pre- 
vents 
access 
to 
the 
19 
kHz 
signal, 
then 
the 
oscillator 
frequency 
must 
be measured 
directly. 
A test point 
should 
be obtained 
by modifying 
the 
oscillator 
RC network 
as 
shown 
in Fig. 16. 


The output 
is a pulse trah 
of approximately 
1.5 Volts 
amplitude. 
Connecting frequency counters of up to 300 
pF input capacitance produces less than 0.3% change of 
the oscillator frequency, which should be set to 228 kHz. 


HIGH 
LOOP GAIN 
COMPONENTS 
For applications demanding operation under low pilot 
level (e.g., car radio) the following component changesto 
Fig. 1 are recommended. 


R1 = 12k 
R2 = 1.5k 
R8 = 330 


P1 = 10k 


C3=150pF 
C4 = 330 nF 
C5 = 150 nF 


EXTERNAL 
MONO-STEREO 
SWITCHING 
AND 
OSCILLATOR 
KILLING 
If required, the TCA 4500A can be forced into mono 
mode simply by grounding pin g (see Fig. 11. The 228 
kHz oscillator will be automatically killed. 


The conditions 
governing Mono/Stereo 
switching 
on 


pin 9 are the following: 
Quiescent voltage: +2.3 Vdc 
Current required to ensure mono operaton (with 100 
mVrms pilot levell: 10llA 
(from pin 9 to ground) 
Hysteresis: 0.711A 
Stereo/mono switching and oscillator killing: 
lessthan 
+500 mV 
Maximum stray capacitance between pin 9 and ground: 


100 pF 


EXTERNAL 
COMPONENT 
FUNCTIONS 
PI 
- 
19 kHz frequency adjustment 
P2 
- 
channel separation adjustment 
and compensa- 


tion for IF roll-off. 


R3, R6- 
gain fixing 
resistors. The values shown in the 
schematic are for unity gain. 


C6, C7- 
de-emphasis capacitors_ Value to 
give: 


RC 
= 
50 liS. 


Valuesshown in Fig. 1arerecommended for applications 
with input level higher than 1.0 Vrms. 


® MOTOROLA 


The TCA5550 is a single chip stereo balance, volume, 
bass and 
treble control 
circuit designed for use in car radios, TV, and audio 
systems. Simple dc inputs allow the control to be effected by four 
inexpensive 
potentiometers 
or a remote control system. The bass 
and treble responses are defined by a single capacitor per control 
per channel. 


• 
Four High Impedance dc Controls - 
Vol, Bass, Treble, Balance 


• 
A Single 
External 
Capacitor 
Defines 
Each Tone 
Control 
Characteristic 


• 
Low Distortion, 
0.1% at Nominal 
Input Level, Unity Gain with 
the Tone Controls 
Flat 


• 
Channel Separation 
Better Than 45 dB 


• 
Wide Power Supply Tolerance, 
10 to 16 Vdc 


• 
± 14 dB of Tone Control 


• 
More Than 75 dB of Volume 
Control 


• Wide Dynamic 
Range: 100 mV to 500 mVrms Input Signal 


• 
Low Output 
Impedance 


STEREO 
SOUND 
CONTROL 
SYSTEM 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
707-02 


Output 


Volume 
6 
Balance 


14 


3 
Bass 
4 
Treble 


8 
Output 


Rating 
Value 
Unit 


Power 
Supply 
Voltage 
18 
Volts 


Power 
Dissipation 
(Package 
Limitation) 
1250 
mW 


Derate 
above 
TA = 
+ 25°C 
10 
mWrC 


Operating 
Temperature 
Range 
(Ambient) 
-40 
to 
+85 
°c 


Storage 
Temperature 
Range 
-65to 
+150 
°c 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Supply 
Voltage 
13 
10 
- 
16 
Vdc 


Supply 
Current 
Min 
Gain 
- 
30 
- 
mA 
Max Gain 
- 
15 
- 


Regulated 
Output 
5 
Voitaget 
- 
5.0 
- 
V 


Current 
- 
- 
3.0 
mA 


Input 
Levels 
Max Gain 
12,16 
- 
100 
- 
mVrms 
With 
Reduced 
Gain3 
- 
- 
500 


Input 
Impedance 
12,16 
- 
100 
- 
kn 


Output 
Impedance 
2,8 
- 
300 
- 
n 


Tone 
Control 
Range 
(at 70 Hz & to kHz)2 
3,4 
dB 
With 
Pins 3 & 4 @ 0.5 V 
- 
-14 
- 
With 
Pins 3 & 4 @ 2.3 V 
- 
0 
- 
With 
Pins 3 & 4 @ 4.1 V 
- 
+14 
- 


Balance 
Control 
Range 
Min 
Gain 
6 
- 
-35 
- 
dB 
(Constant 
Power 
Law) 
Max Gain 
- 
+3.0 
- 
dB 
Voltage 
on Pin 6 for 
Balanced 
Gain 
- 
2.3 
- 
V 


Volume 
Control 
Range 
7 
- 
80 
- 
dB 
With 
Pin 7 @ 0 V 
- 
+10 
- 
With 
Pin 7 @3.1 
V 
- 
-20 
- 


With 
Pin 7 @ VplN 
5 
- 
-70 
- 


Control 
Input 
Currents 
3,4,6,7 
- 
- 
::tl.0 
!LA 


Channel 
Separation 
45 
- 
- 
dB 


Distortion 
(at 1.0 kHz) at 300 mVrms 
Output3 
- 
0.1 
- 
% 


Signal: 
Noise 
Ratio 
- 
70 
- 
dB 
50 Hz to 15 kHz, 10 dB Gain, 
Tone 
Controls 
Flat 


Noise 
Level 
- 
50 
- 
/LVrms 
50 Hz to 15 kHz, Min 
Gain 


NOTES: 


,. 
The 
control 
potentiometers 
to this 
point. 
see 
Figure 
7. 


2. These figures are functions of the capacitors on Pins 1, 9. 10, 11, 17 & 18. See the application diagram, Figure 7. 
3. The input level may be increased to 500 mVrms but the user controls must be adjusted to ensure that the output level does not exceed 300 
mVrms' 
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@ MOTOROLA 


The TDA3190P 4.2-watt sound system is designed for television 
and related 
applications. 
The TDA1190P is a low-power 
version. 
Functions 
performed 
by these devices include: 
IF Limiting, 
IF am- 
plifier, 
low 
pass filter, 
FM detector, 
DC volume 
control, 
audio 
preamplifier, 
and audio power 
amplifier. 


• 
4.2 Watts Output 
Power - 
TDA3190P 
(VCC = 24 V, RL = 16 ill 


• 
1.3 Watts Output 
Power - 
TDA 1190P 
(VCC = 18 V, RL = 32 ill 


• 
Linear Volume 
Control 


• 
High AM Rejection 


• 
Low Harmonic 
Distortion 


• 
High Sensitivity 


4 
12 
13 
L¥J 


TDAl190P 
TDA3190P 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 
". 


1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648C-02 


Deemphasis 


Ripple 
Rejection 


Supply 
Voltage 


Decoupling 


DecQupling 


Ground 
{ 


Phase Shift 


Phase Shift 


DC Volume 
Control 


Temperature 
Range 
o to + 75'C 


• 


•• 


Rlting 
Symbol 
TDA3190P 
TDA1190P 
Unit 


Supply 
Voltage 
Range 
VCC 
9.0 to 28 
9.0 to 22 
V 


Output 
Peak Current 
(Nonrepetitive) 
10 
2.0 
1.5 
A 
(Repetitive) 
1.5 
1.0 


Input 
Signal 
Voltage 
VI 
1.0 
V 


Operating 
Temperature 
Range 
TA 
o to + 75 
'c 


Junction 
Temperature 
TJ 
150 
'c 


Chlrlcteristic 
Symbol 
Min 
Typ 
Mex 
Unit 


Quiescent 
Output 
Voltage 
(Pin 11) 
Vo 
V 


VCC = 24 V 
TDA3190P 
11 
12 
13 


VCC=18V 
TDA1190P 
8.0 
9.0 
10 


VCC = 
12V 
Both 
5.1 
6.0 
6.9 


Quiescent 
Drain 
Current 
10 
mA 
(P1 = 22 kn) 


VCC = 24 V 
TDA3190P 
11 
22 
35 
VCC = 
18 V 
TDA1190P 
11 
22 
35 
VCC = 
12 V 
Both 
- 
19 
- 


Output 
Power 
Po 
W 
(d = 10%, 'm 
= 400 Hz) 


VCC = 24 V, RL = 
160 
TDA3190P 
- 
4.2 
- 
VCC = 
12 V, RL = 8.00 
TDA3190P 
- 
1.5 
- 


VCC = 
18 V, RL = 320 
TOA1190P 
1.0 
1.3 
- 


VCC = 
12 V, RL = 
160 
TDA1190P 
0.7 
0.9 
- 
(d = 2%, 'm 
= 400 Hz) 
VCC = 24 V, RL = 160 
TDA3190P 
- 
3.5 
- 
VCC = 
12 V, RL = 8.00 
TDA3190P 
- 
1.4 
- 
VCC = 
18 V, RL = 320 
TOA1190P 
- 
1.0 
- 
VCC = 
12 V, RL = 160 
TDA1190P 
- 
0.7 
- 


Input 
Limiting 
Threshold 
Volts 
(- 
3.0 dB) at Pin 1 
VI 
J.LV 
M = 
± 7.5 kHz, fm 
= 400 Hz, Set P1 for 2.0 Vrms 
on Pin 11 
TDA3190P 
- 
40 
100 
TDA1190P 
- 
60 
100 


Distortion 
% 


(PO = 50 mW, 'm 
= 400 Hz, M = 
±7.5 
kHz) 


VCC = 24 V, RL = 
160 
TDA3190P 
- 
0.75 
- 
VCC = 
18 V, RL = 320 
TDA1190P 
- 
1.0 
- 
VCC = 
12V, 
RL = 
160 
Both 
- 
1.0 
- 


Frequency 
Response 
of Audio 
Amplifier 
(- 
3.0 dB) 
B 
Hz 


(RL = 
160, 
C10 = 
120 pF, C12 = 470 pF, P1 = 22 kn) 
Rf = 820 
- 
70 to 12 k 
- 
Rf = 470 
- 
70 to 7.0 k 
- 


Recovered 
Audio 
Voltage 
(Pin 16) 
Va 
- 
120 
- 
mV 
(VI" 
1.0 mV, fm 
= 400 Hz, df 
= 
±7.5 
kHz, P1 = 0) 


Amplitude 
Modulation 
Rejection 
AMR 
- 
55 
- 
dB 
(VI" 
1.0 mV, fm 
= 400 Hz, m = 30%) 


Signal 
and 
Noise 
to Noise 
Ratio 
S + N 
50 
65 
- 
dB 
(V, •• 1.0 mV, Va 
= 4.0 V, fm 
= 400 Hz) 
-N- 


Input 
Resistance 
(pin 
1) 
ri 
- 
30 
- 
kO 
(VI = 
1.0 mY) 


Input 
Capacitance 
(Pin 1) 
Ci 
- 
5.0 
- 
pF 
(VI = 
1.0 mY) 


DC Volume 
Control 
Attenuation 
- 
- 
90 
- 
dB 
(P1 = 
12 kn) 


L"" 
10IJH 
°0"" 60 
C6 
fo"" 4.5 
MHz 


VCC 


:J: ~~~I'F/35 V 


C7 
C12 
C10 
9.0 
pF 
470 
pF 
120 pF 
t---r--1 


C1 
100 
nF 


Input o--i 


4,5, 
Volume 
8 
12, 
P, 
13 
22 kl1 


lin. 


Cll 


R4 
~ 
:J: 
C 
'3 


- 
RL 


- - - 4'512~3-- 
3 
6 


~C3 
C6 
C7 
~ 


II 


@ MOTOROLA 


The TDA 1524A is an active balance, volume, 
bass and treble 
control 
for 
use in car radios, 
stereo 
TV receivers 
and audio 
systems. 
Functions 
are controlled 
by four 
non-critical 
single 
potentiometers 
with excellent 
channel to channel tracking 
char- 
acteristics. 
Bass and treble 
contours 
are defined 
by a single 
capacitor 
per control 
per channel. 
Volume 
control 
can be linear 
across the audio spectrum, 
or a loudness 
contour 
can be used. 


• 
Low Noise 


• 
Low Distortion 


• 
High Signal Handling 
Capability 


• 
Wide Supply Range 


• 
Popular Multi-Sourced 
Device 


STEREO 
TONE 
CONTROL 
SYSTEM 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 707-02 


FIGURE 1 - 
BLOCK DIAGRAM AND TYPICAL APPLICATION 


2.2 p.F 
+ L-..r. 
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33k 
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10 k 


Right~ 
+ 


Input~ 
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+ 
= 
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On 
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Rating 
Value 
Units 


Power 
Supply 
Voltage 
20 
V 


Power 
Dissipation 
1250 
mW 


Derate 
above 
25·C 
10 
mwrc 


Operating 
Temperature 
Range 
-40 
to 
+85 
·C 


Storage 
Temperature 
Range 
-65 
to 
+ 150 
·C 


DC CHARACTERISTICS 
(TA = 25·C, circuit 
of Figure 
2, SW1 
at "contour 
on", 
V1, V9, VlO, 
V16 = 1.9 V, unless 
otherwise 


noted) 


Characteristic 
Pin 
VCCIVdc) 
Min 
Typ 
Max 
Units 


Supply 
Voltage, 
VCC 
3 
- 
7.5 
- 
16.5 
Vdc 


Supply 
Current 
3 
8.5 
19 
27 
35 
mA 
12 
- 
35 
- 
15 
- 
43 
- 


DC Input 
Level 
4,15 
8.5 
3.8 
4.25 
4.7 
Vdc 
12 
- 
5.9 
- 
15 
- 
7.3 
- 


DC Output 
Level 
8,11 
8.5 
3.3 
4.25 
5.2 
Vdc 


12 
- 
6.0 
- 
15 
- 
7.5 
- 


Regulator 
Output 
Voltage 
17 
8.5 
3.5 
3.75 
4.0 
Vdc 
12 
- 
3.8 
- 
15 
- 
3.85 
- 


Regulator 
Output 
Voltage, 
SW1 
in "Linear" 
Position 
17 
8.5 
3.5 
3.75 
4.0 
Vdc 


2.21'F 
+~ 
Left 
~Output 


0.015q 


Left~ 
Input~ 
+ 


2.21'F 


11 
2 
3.0 k 
Linear 
17 
~ 
10 k 


TDA1524AP 
Contour 
On 


Right~ 
4 
Input~ 
+ 


2.21'F 


0.056 


10 k 


2.21'F 


+ E•......-----<O 
Right 
Output 


II 


Measure 


Characteristic 
V, 
Vg 
V,o 
V'6 
Pin(s) 
Min 
Typ 
Max 
Units 


Gain at Max Volume 
Control 
(Input = 50 mVrms) 
V17 ~ 
~ 
~ 
8,11 
20 
20 
24 
dB 
Distortion 
at 1.8 Vrms 
Output 
(Output 
signal 
handling) 
2 
2 
2 
8,11 
- 
- 
0.5 
% 


AC Input 
Resistance 
4,15 
10 
- 
- 
kl1 


Output 
to Output 
Separation, 
One Input 
Driven 
(100 mVrms) 
8,11 
60 
- 
- 
dB 
Noise 
Output 
(20 Hz-20 
kHz, Inputs 
are Grounded) 
8,11 
- 
250 
400 
p.Vrms 


Gain 
at Mid Volume, 
Left Channel 
~ 
~ 
~ 
V17 
8,11 
-12 
-9.0 
-6.0 
dB 
(Input = 100 mVrms) 
2 
2 
2 
2 
Gain 
Difference 
Left to Right 
- 
- 
1.5 


70 Hz Gain 
Difference 
Output 
to Output 
2.1 ~ 
~ 
~ 
8,11 
- 
- 
2.5 
dB 
(Input = 100 mVrms) 
2 
2 
2 
70 Hz Gain at Mid 
Bass Setting 
- 
0 
- 
(Input 
= 100 mVrms) 
70 Hz Bass Control 
- 
Boost 
V17 
10 
- 
- 
-Cut 
0 
10 
- 
- 


16 kHz Gain 
at Mid Treble 
Setting 
2.1 ~ 
~ 
~ 
8,11 
- 
0 
- 
dB 
(Input 
~ 100 mVrmsl 
2 
2 
2 
16 kHz Gain 
Difference 
Output 
to Output 
- 
- 
2.5 
16 kHz Treble 
Control 
- 
Boost 
V17 
12 
- 
- 
-Cut 
0 
12 
- 
- 


Balance 
Control 
Range of Right 
Channel 
Adj" 
8 
35 
- 
- 
dB 
Balance 
Control 
Range of Left Channel 
2.1 ~ 
~ 
Adj" 
11 
35 
- 
- 
dB 
Output 
Ripple 
(No Signal, 
200 mVrms 
@ 
2 
2 
V17 
8,11 
- 
- 
3.5 
mVrms 
120 Hz Added 
to VCC) 
2 


1.0 kHz Gain 
(Input = 1.8 Vrms) 
1.6 ~ 
~ 
~ 
8,11 
- 
-20 
- 
dB 
2 
2 
2 
Noise 
Output 
(20 Hz-20 
kHz, Inputs 
ac Grounded) 
- 
75 
120 
j.LVrms 
Distortion 
(Input 
~ 
1.4 Vrmsl 
(Input 
Signal 
Handling) 
2.0 
- 
- 
0.5 
% 


Distortion 
(Input 
~ 
1.8 Vrms) 
- 
- 
0.7 
% 


1.0 kHz Gain 
(Input = 2.0 Vrms) 
1.3 
V17 ~ 
~ 
8,11 
- 
-40 
- 
dB 
2 
2 
2 
Gain 
Difference 
Output 
to Output 
- 
- 
6.0 
Contour 
Boost 
at 70 Hz 
8 
- 
- 
(Contour 
Switch 
in "Contour 
On" 
Position) 


Gain 
at Minimum 
Volume 
0 ~ 
~ 
V17 
8,11 
- 
- 
-70 
dB 
(Input 
2.0 Vrms) 
2 
2 
2 
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FIGURE 
8 - 
TOTAL 
HARMONIC 
DISTORTION 
versus OUTPUT 
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APPLICATION NOTES 
The use of dc feedback stabilizes the dc output voltage 
at approximately 
VCC/2 and assures large output swing 
capability 
without 
distortion. 
If this dc feedback 
is not 


used, the dc output will vary from part to part and avail- 
able headroom 
will be somewhat 
reduced. 


The loading 
of the regulator 
output, 
Pin 17 has an 
abrupt 
effect on switching 
the contour 
function 
and is 
not intended to be applied in any intermediate 
degree. 


The tests assure that the part is in linear mode for total 
loading 
of Pin 17 less than 3.0 kl1, and is in contour 


mode for a total load on Pin 17 greater than 10 kl1. 


® MOTOROLA 
TDA3301 
TDA3303 


These devices will accept a PAL or NTSC composite video signal 
and output 
the three color signals, needing only a simple driver 
amplifier 
to interface 
to the picture tube. The provision 
of high 
bandwidth 
on-screen display inputs makes them suitable for text 
display, 
TV games, cameras, etc. The TDA3301 differs from 
the 
TDA3303 in its user control 
laws, and also a phase shift control 
which operates in PAL, as well as NTSC. 


• 
Automatic 
Black Level Setup 


• 
Beam Current Limiting 


• 
Uses Inexpensive 
4.43/3.58 MHz Crystal 


• 
No Oscillator 
Adjustment 
Required 


• 
Three OSD Inputs Plus Fast Blanking Input 


• 
Four DC, High Impedance 
User Controls 


• 
Interfaces with TDA3030B SECAM Adaptor 


• 
Single 12 V Supply 


• 
Low Dissipation, 
Typically 
600 mW 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


~ 


PSUFFIX 
..• 
. 
PLASTIC PACKAGE 


40 
CASE 711-03 
1• 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 777-02 
PLCC-44 


Chroma Input 


ACC Capacitor 


Chroma 
DL Driver, 
Emitter 


Chroma Dl Driver, Collector 


Saturation 
Control 


Identification Capacitor 


V Input 


U Input 


90· loop Capacitor 


Oscillator loop 
Filter 


Crystal Drive 


Crystal Feedback 


Ground 


Blue Output 


Blue Output Clamp Capacitor 


Blue Output Feedback 


Green Output 


Green Output Clamp Capacitor 


Green Output Feedback 


Red Output 


Hue ControliNTSC Switch 


+12 V 


Ground 


1.0 V Composite Video Input 


Delayed luma Input 


luma 
Dl Drive and 3.0 Inverted Output 


luma Emitter load 


luma Collector load 


Contrast Control 


Black level Clamp 


Brightness Control 


Peak Beam limit 
Adjust 


Frame Pulse Input 


Sandcastle Pulse Input 


OSD Input Green 


OSD Input Red 


OSD Input Blue 


OSD Input Fast Blanking 


Red Output Feedback 


Red Output Clamp Capacitor 


Rating 
Pin 
Valua 
Unit 


Supply Voltage 
39 
14 
Vdc 


Operating Temperature Range 
o to + 70 
·C 


Storage Temperature Range 
-65to 
+150 
·C 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Supply Voltage 
39 
10.8 
12 
13.2 
V 
Supply Current 
- 
45 
60 
mA 


Composite Video Input 
37 
- 
1.0 
- 
Vp-p 
Video Input Resistance 
13 
18 
23 
kfi 
Video Gain to Pin 35 
2.7 
3.2 
3.6 
Vp-p 
Input Window 
0.8-3 
0.7-3.2 
- 
V 


Chroma Input (Burst) 
1 
10 
100 
200 
mVp-p 
Input Resistance 
1 
- 
5.0 
- 
kfi 
ACC Effectiveness 
4 
- 
1.2 
3.0 
dB 


OSD Input 
24,25,26 
0.5 
0.7 
1.0 
V 
OSD Drive Impedance 
- 
- 
180 
fi 
OSD Frequency Response (- 3.0 dB) 
9.0 
- 
- 
MHz 
OSD Max Gain 
- 
7.2 
- 
MHz 
Gain 
Difference 
Between 
Any Two 
- 
- 
15 
% 


Beam Current Ref. Threshold 
16,19,22 
1.7 
2.0 
2.3 
V 
Differential Voltage 
- 
- 
20 
mV 
Beam 
Current 
Ref. Input 
Current 
- 
- 
+ 1.5/-0.5 
pA 
Differential 
Current 
- 
- 
1.0 
pA 


Luminance Gain Between Pin 36 and Outputs (depends on 
R33 and R34) 
- 
4.7 
- 
Luminance Bandwidth (- 3.0 dB) 
14,17,20 
9.0 
- 
- 
MHz 
Output 
Resistance 
120 
170 
300 
fi 
Residual Carrier (4.43 Me/s) 
- 
30 
150 
mVp-p 
PAL Offset (H/2) 
- 
- 
50 
mVp-p 
Difference in Gain Between Y Input and any RGB olp 
- 
5.0 
- 
% 


U Input Sensitivity for 5.0 V Blue Output 
8 
- 
340 
- 
mVp-p 


Matrix 
Error 
14,17,20 
- 
- 
10 
% 


Oscillator Capture Range 
350 
- 
- 
Hz 


U Ref. Phase Error 
- 
- 
5.0 
. 


V Ref. Phase Error 
- 
- 
5.0 


Color Kill Attenuation 
14,17,20 
50 
- 
- 
dB 


Contrast Tracking OSD/Luma/Chroma 
14,17,20 
- 
- 
- 
dB 


OSD Contrast Tracking 
14,17,20 
- 
- 
+2.0 
dB 


OSD Enable Slice Level 
23 
- 
0.7 
- 
V 
Sandcastle Slice Level 
27 
Burst Gate 
6.5 
7.2 
8.0 
V 
Line Blanking 
2.0 
2.6 
3.0 
V 
R Input V27 > 7.0 V 
- 
5.0 
- 
kfi 
V27 < 7.0 V 
- 
22 
- 
kfi 


Frame Slice Level 
28 
2 
2.8 
3.6 
V 
R Input 
15 
- 
kfi 


Peak Beam Limiter Threshold 
3.4 x 129 
4 x 129 
4.6 x 129 
(129Min = 250 pAl 


Pin 29 Input Resistance 
29 
- 
5.0 
- 
kfi 


Pin 29 Open Circuit Voltage 
29 
- 
10.6 
- 
V 
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FIGURE3 - 
SATURATION CONTROL VOLTAGE 
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S.O 


Pin 5 is automatically 
pulled 
to ground 
with 
a mis- 
identified 
PAL signal. 


Note: 
Nominal 
100% saturation 
point 
is given 
by 
choice of R2 which 
sets ACC operating 
point. 


The brilliance 
control 
operates 
by adding a pedestal 
to the output 
signals. The amplitude 
of the pedestal is 
controlled 
by Pin 30. 


During CRT beam current 
sampling 
a standard 
ped- 
estal is substituted, 
its value 
being equivalent 
to the 
value given by V30 Nom. Brightness at black level with 
V30 Nom is given by the sum of three gun currents at 
the sampling 
level, I.e. 3 x 20 Ilft. with 
100 k reference 
resistors on Pins 16, 19, and 22. 


During picture blanking the brilliance pedestal is zero; 


therefore 
the output 
voltage 
during 
blanking 
is always 
the minimum 
brilliance 
black level (Note: Signal chan- 
nels are also gain blanked). 
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FIGURE4 - 
CONTRAST CONTROL 
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Note: Pin 32 is pulled 
down by the operation 
of the 
peak beam limiter. 


FIGURE 
5 - 
BLOCK 
DIAGRAM 
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The hue control 
acts only during 
burst gating to give 
a ±40· 
phase shift between the burst and chrominance 
signal. 


On the TDA3303 Pin 40 is also used to select NTSC 
when V40 < 8.0 V and thus the control will operate only 
in this mode. 
On the TDA3301 
NTSC selection 
is independent 
of 
V40 and the control 
can be operated 
in both NTSC and 
PAL. 


CHROMINANCE 
DECODER SECTION 
The chrominance 
decoder 
section 
of the TDA3301 
consists 
of the following 
blocks: 


Phase-locked reference oscillator - 
Figures 7, 8 and 9 
Phase-locked 90 degree servo loop - 
Figures 9 and 10 
U and V axis decoders 
ACC detector 
and identification 
detector - 
Figure 11 
Identification 
circuits 
and PAL bistable - 
Figure 12 
Color difference 
filters and matrixes with fast blanking 
circuits. 
The major design considerations 
apart from optimum 
performance 
were: 


- 
a minimum 
number 
of factory 
adjustments 
- 
a minimum 
number 
of external 
components 
- 
compatibility 
with the SECAM adapter TDA3030B 
-low 
dissipation 
- 
use of a standard 4.433618 MHz Crystal rather than 
a 2.0 fc Crystal with divider. 


REFERENCE 
REGENERATION 
The crystal VCO is of the phase shift variety in which 
the frequency 
is controlled 
by varying 
the phase of the 
feedback. A great deal of care was taken to ensure that 
the oscillator 
loop gain and the crystal loading 
imped- 
ance were 
held 
constant 
in order 
to ensure 
that the 
circuit 
functions 
well 
with 
low grade 
crystal 
(crystals 
having 
high magnitude 
spurious 
responses 
can cause 
bad phase jitter). 
It is also necessary to ensure that the 
gain at third harmonic 
is low enough to ensure absence 
of oscillation 
at this frequency. 


II 


FIGURE 
8 - 
VECTOR 
DIAGRAM 
FOR VCO 
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By referring 
to Figures 7 and 8 it can be seen that the 
necessary 
:':45° phase shift is obtained 
by variable ad- 
dition 
of two currents 
11and 12which are then fed into 
the load resistance of the crystal tuned circuit R1' Feed- 
back is taken from 
the crystal 
load capacitance 
which 
gives a voltage 
VF lagging 
the crystal current 
by 90°. 
The RC network 
in T1 collector 
causes 11to lag the 
collector 
current 
of T1 by 45°. 
For SECAM operation 
the currents 11and 12are added 
together 
in a fixed 
ratio 
giving 
a frequency 
close to 
nominal. 


When decoding 
PAL there are two departures 
from 
normal 
chroma 
reference regeneration 
practice: 


a) The loop is locked to the burst entering 
from 
the 
PAL delay line matrix 
U channel and hence there 
is no alternating 
component. 
A small improvement 
in signal noise ratio is gained but more important 


is that the loop filter is not compromised 
by the 7.8 
kHz component 
normally 
required 
at this point for 
PAL identification. 


b) The H/2 switching 
of the oscillator 
phase is carried 
out 
before 
the 
phase detector. 
This implies 
any 
error signal from the phase detector 
is a signal at 
7.8 kHz and not dc. A commutator 
at the phase 
detector 
output 
also driven from the PAL bistable 
converts 
this ac signal 
to a dc prior 
to the loop 
filter. 
The purpose 
of this is that constant 
offsets 
in the phase detector 
are converted 
by the com- 


mutator 
to a signal at 7.8 kHz which 
is integrated 
to zero and does not give a phase error. 


When used for decoding 
NTSC the bistable 
is inhib- 
ited, and slightly 
less accurate 
phasing 
is achieved; 
however, 
as a hue control 
is used on NTSC this cannot 
be considered 
to be a serious disadvantage. 


FIGURE 9 - 
BLOCK DIAGRAM 
OF REFERENCE SECTION 
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90· REFERENCE GENERATION 
To generate 
the U axis reference a variable 
all-pass 
network is utilized in a servo loop. The output of the all- 
pass network 
is compared 
with 
the oscillator 
output 
with a phase detector of which the output is filtered and 
corrects the operating 
point of the variable all-pass net- 
work (see Figure 10). 


As with the reference loop the oscillator signal is taken 
after the H/2 phase switch 
and a commutator 
inserted 
before the filter so that constant 
phase detector 
errors 
are cancelled. 


For SECAM operation the loop filter is grounded 
caus- 
ing near zero phase shift so that the two synchronous 
detectors 
work in phase and not in quadrature. 


The use of a 4.4 MHz oscillator 
and a servo loop to 
generate 
the required 
90° reference 
signal 
allows 
the 
use of a standard, 
high volume, 
low cost crystal 
and 
gives an extremely 
accurate 
90° which 
may be easily 
switched 
to 0° for decoding 
AM SECAM generated 
by 
the TDA3030B adapter. 


Filter 
9 
C 


ACC AND IDENTIFICATION 
DETECTORS 
During burst gate time the output components 
of the 
U and also the V demodulators 
are steered 
into PNP 
emitters. 
One collector 
current of each PNP pair is mir- 


rored 
and balanced 'against 
its twin 
giving 
push-pull 
current 
sources for driving 
the ACC and the identifica- 
tion filter capacitors. 
The identification 
detector 
is given an internal 
offset 
by making the NPN current 
mirror 
emitter 
resistors un- 
equal. The resistors are offset by 5% such that the iden- 
tification 
detector 
pulls 
up on its filter 
capacitor 
with 
zero signal. 


IDENTIFICATION 
See Figure 12 for definitions. 
Monochrome 
11>12 
PAL ident. OK 
'1<12 
PAL ident. X 
11>12 
NTSC 
13>12 


Only for correctly 
identified 
PAL signal is the capacitor 
voltage 
held low since 12is then greater than '1' 


For monochrome 
and incorrectly 
identified 
PAL sig- 
nals 11>12 hence voltage VCC rises with each burst gate 
pulse. 
When Vref is exceeded by 0.7 V latch 1 is made con- 


ducting 
which increases rate of voltage 
rise on C. Max- 
imum current 
is limited 
by R1. 


When Vref 2 is exceeded by 0.7 V then latch 2 is made 
conducting 
until 
C is completely 
discharged 
and the 
current 
drops to a value insufficient 
to hold on latch 2. 
As latch 2 turns on latch 1 must turn off. 
Latch 2 turning 
on gives extra trigger pulse to bistable 
to correct 
identification. 


The inhibit 
line on latch 2 restricts latch 2 conduction 
to alternate lines as controlled 
by the bistable. This func- 
tion allows 
the SECAM switching 
line to inhibit 
the bi- 
stable operation 
by firing 
latch 2 in the correct 
phase 
for SECAM. For NTSC latch 2 is fired by current injected 
on Pin 6. 
If the voltage 
on C is greater than 1.4 V then the sat- 
uration is held down. Only for SECAM/NTSC with latch 
2 on or correctly 
identified 
PAL can the saturation 
con- 
trol be anywhere 
but minimum. 


NTSC SWITCH 
NTSC operation 
is selected when 
current 
(13) is in- 
jected into Pin 6. 
On the TDA3301 this current 
must be derived 
exter- 
nally by connecting 
Pin 6 to + 12 V via a resistor (as on 
TDA3300B). 
On the TDA3303 13 is supplied 
internally 
when V40 
falls below 8.0 V; 


For normal 
PAL operation 
on both versions 
Pin 40 
should 
be connected 
to + 12 V and Pin 6 to the filter 
capacitor. 


'Supplied externally on 
TDA3301 
Supplied internally on 
TDA3303 


COLOR DIFFERENCE 
MATRIXING, 
COLOR KILLING, 


AND CHROMA 
BLANKING 
During picture time the two demodulators 
feed sim- 


ple RCfilters with emitter follower 
outputs. Color killing 
and blanking 
is performed 
by lifting these outputs to a 
voltage 
above the maximum 
value that the color dif- 
ference signal could supply. 


The color difference 
matrixing 
is performed 
by 2 dif- 
ferential 
amplifiers 
each with 
one side split to give the 
correct values of the - (B-Y) and - (R-Y) signals. These 
are added to give the (G-Y) signal. 


The 3 color difference 
signals are then taken to the 
virtual 
earths of the video output 
stages together 
with 
luminance 
signal. 


Color Kill 
& 
Blanking 


SANDCASTLE 
SELECTION 
The TDA3301/3303 
may be used with a two level sand- 
castle and a separate frame pulse to Pin 28, or with only 
a 3 level (super) sandcastle. In the lalter case a resistor 
of 1 Mil is necessary from 
+ 12 volts to Pin 28 and a 
470 pF capacitor from 
Pin 28 to ground. 
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TIMING COUNTER FOR SAMPLE CONTROL 
In order to control the beam current sampling 
at the 
beginning 
of each frame scan two edge triggered 
flip- 
flops are used. 


The output A of the first flip-flop 
A is used to clock 


the second flip-flop 
B. Clocking of A by the burst gate 
is inhibited 
by a count of A.B. 


The count sequence can only by initiated by the trail- 


ing edge of the frame pulse. In order to provide control 
signals for: 


Luma/Chroma 
blanking, 


Beam current sampling, 
On-screen display blanking, 
Brilliance control. 
The appropriate 
flip-flop 
outputs 
are matrixed 
with 
sandcastle 
and frame 
signals 
by an emitter 
follower 
matrix. 


ON·SCREEN 
DISPLAY INPUTS 
Each section of the OSD stages consists of a common 
emitter input stage feeding a diversion 
gate controlled 
by the contrast control. 
During burst gate time a feed- 
back loop is activated 
which 
clamps the signal at the 


input coupling 
capacitor. This ensures that the current 
in the diversion 
gate is zero at black level and makes 
the OSD black level insensitive to contrast control, also 
the inputs ignore signals below black, e.g. sync, pulses. 


~'O~l 


Burst 
Gate 
Pulse 
II 


Each video output stage consists of a feedback am- 
plifier in which the input signal is a current drive to the 
virtual 
earth from the luminance, 
color difference 
and 
on-screen display stages. 


A further 
drive current is used to control the dc op- 
erating point; this is derived from the sample and hold 
stage which 
samples 
the 
beam 
current 
after frame 
flyback. 
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® MOTOROLA 


This device will accept a PAL or NTSC composite 
video signal 
and output 
the three color signals, needing only a simple driver 
amplifier 
to interface to the picture tube. 


Its simplified 
approach 
makes it particularly 
suitable 
for low 
cost CTV systems. 


• 
No Oscillator 
Adjustment 
Required 


• 
Four dc High Impedance 
User Controls 


• 
Uses Inexpensive 
4.43/3.58 MHz Crystals 


• 
Interfaces With TDA3030B SECAM Adaptor 


• 
Uses Horizontal 
Flyback or Super Sandcastle Pulse 


• 
Single 12 V Supply 


• 
Low Dissipation 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
724-03 


Chroma 
DL Driver, 
Collector 
Chroma 
DL Driver, 
Emitter 


Saturation 
Control 
ACC 
Filter 


Identification 
Capacitor 
Chroma 
Input 


V Input 
21 
Hue Control/NTSC 
Switch 


U Input 
+ 12 V 


90° Loop 
Capacitor 
Contrast 
Control 


Oscillator 
Loop 
Filter 
18 
Brightness 
Control 


Crystal 
Drive 
17 
Y Input 


Crystal 
Feedback 
16 
dF/dt 


Ground 
10 
15 
Sandcastle 
Input 


DC Ref & Blanking 
11 
14 
Red Output 


Blue 
Output 
12 
13 
Green 
Output 


II 


Rating 
Pin 
Value 
Unit 


Supply 
Voltage 
20 
14 
Vdc 


Operating 
Temperature 
Range 
o to 
+ 70 
·C 


Storage 
Temperature 
Range 
-65 
to 
+ 150 
·C 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Supply 
Voltage 
20 
10.8 
12 
13.2 
V 


Supply 
Current 
- 
- 
50 
mA 


Composite 
Video 
Input 
17 
- 
1.0 
- 
Vp-p 


Video 
Input 
Resistance 


Burst 
Gate 
On 
- 
5.0 
- 
kil 
Off 
- 
1.5 
- 
Mil 


Chroma 
Input 
IBurst) 
22 
10 
100 
200 
mVp-p 


Input 
Resistance 
22 
- 
5.0 
- 
kil 
ACC 
Effectiveness 
1 
- 1.5 
0 
+1.5 
dB 


Luminance 
Gain 
between 
Pin 
17 and Outputs 
IContrast 
maxI 
- 
8.0 
- 
Luminance 
Bandwidth 
(- 
3.0 d8) 
12,13,14 
- 
5.0 
- 
MHz 
Output 
Resistance 
- 
170 
- 
il 
Residual 
Carrier 
14.43 MHz) 
- 
- 
200 
mVp-p 
PAL Offset 
(H/2) 
- 
- 
50 
mVp-p 


U Input 
Sensitivity 
for 
5.0 V Blue 
Output 
5 
- 
340 
- 
mVp-p 


Matrix 
Error 
12,13,14 
- 
- 
10 
% 


Oscillator 
Capture 
Range 
300 
500 
- 
Hz 


U Reference 
Phase 
Error 
- 
- 
5.0 
. 


V Reference 
Phase Error 
- 
- 
5.0 
. 


Color 
Kill Attenuation 
12,13,14 
50 
- 
- 
dB 


Contrast 
Tracking 
Luma/Chroma 
12,13,14 
- 
0 
2.0 
dB 


Sandcastle 
Slice 
Level 
15 
Burst 
Gate 
- 
7.2 
8.0 
V 
Line 
Blanking 
0.5 
1.5 
2.5 
V 
R Input 
V15 > 7.0 V 
- 
5.0 
- 
kil 


V15<7.0V 
- 
10 
- 
kil 


INPUT/OUTPUT 
FUNCTIONS 


FIGURE 
3 - 
SATURATION 
CONTROL 
VOLTAGE 
V2 (VOLTS) 
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BRIGHTNESS 
CONTROL 
(VOLTS) 
V18 


Pin 2 is automatically 
pulled to ground with a mis- 
identified PAL signal. 


Note: 
Nominal 
100% saturation 
point 
is given 
by 
choice of Rpin 23 which sets ACC operating point. 


FIGURE 4 - 
CONTRAST CONTROL 
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The hue control acts only during burst gating to give 
a ±40" phase shift between the burst and chrominance 
signal. 


Pin 21 is also used to select NTSC when V21 < 8.0 V 
and thus the control 
will 
operate 
only in this 
mode. 


NTSC selection 
means 
the 
PAL phase switching 
is 
turned off. Delay-line and filter 
switching 
must be im- 
plemented 
externally. 


FIGURE 6 - 
BLOCK DIAGRAM 
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CHROMINANCE 
DECODER SECTION 
The chrominance 
decoder 
section 
of the TDA3330 
consists of the following 
blocks: 
Phase-locked reference oscillator- 
Figures 7,8 and 9 
Phase-locked 90 degree servo loop - 
Figures 9 and 10 
U and V axis decoders 
ACC detector and identification 
detector - 
Figure 11 
Identification 
circuits and PAL bistable - 
Figure 12 
Color difference filters and matrixes with fast blanking 
circuits. 
The major design considerations 
apart from optimum 
performance 
were: 
- 
a minimum 
number of factory adjustments 
a minimum 
number of external components 
compatibility 
with the SECAM adapter TDA3030B 
low dissipation 
use of a standard 4.433618 MHz crystal rather than 
a 2.0 fc crystal with divider, (or standard 3.579545 
MHz for NTSC). 


REFERENCE REGENERATION 
The crystal VCO is of the phase shift variety in which 
the frequency 
is controlled 
by varying the phase of the 
feedback. 
Much care was taken to ensure that the os- 
cillator 
loop 
gain and the crystal 
loading 
impedance 
were held constant 
in order to ensure that the circuit 
functions 
well with low grade crystals ( crystals having 
high 
magnitude 
spurious 
responses 
can cause 
bad 
phase jitter). It is also necessary to ensure that the gain 
at third 
harmonic 
is low enough to ensure absence of 
oscillation 
at this frequency. 


By referring to Figures 7 and 8 it can be seen that the 
necessary 
±45° phase shift is obtained by variable ad- 
dition of two currents 11and 12which are then fed into 
the load resistance of the crystal tuned circuit R1. Feed- 
back is taken from the crystal 
load capacitance which 
gives a voltage 
VF lagging the crystal current by 90°. 
The RC network 
in 01 collector 
causes 11to lag the 
collector 
current of 01 by 45°. 


For SECAM operation the currents 11and 12are added 
together 
in a fixed 
ratio 
giving 
a frequency 
close to 
nominal. 


When decoding 
PAL there are two departures 
from 
normal chroma 
reference regeneration 
practice: 


a) The loop is locked to the burst entering from the 
PAL delay line matrix 
U channel and hence there 
is no alternating component. A small improvement 
in signal noise ratio is gained but more important 
is that the loop filter 
is not compromised 
by the 
7.8 kHz component 
normally 
required at this point 
for PAL identification. 


al2 
a = 1 
-----~ / 
/ 
/ 
/ 
/ 
/ 
/ 
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b) The H/2 switching 
of the oscillator 
phase is carried 
out before the phase detector. 
This implies 
any 
error signal from the phase detector is a signal at 
7.8 kHz and not DC. A commutator 
at the phase 
detector output also driven from the PAL bistable 
converts 
this AC signal to a DC prior to the loop 
filter. The purpose of this is that constant offsets 
in the phase detector 
are converted 
by the com- 
mutator to a signal at 7.8 kHz which is integrated 
to zero and does not give a phase error. 
When used for decoding 
NTSC the bistable is inhib- 
ited, and slightly 
less accurate 
phasing 
is achieved; 


however, as a hue control is used on NTSC this cannot 
be considered 
to be serious disadvantage. 


90· REFERENCE 
GENERATION 
To generate the U axis reference a variable 
all-pass 
network is utilized in a servo loop. The output of the all- 
pass network 
is compared 
with 
the oscillator 
output 
with a phase detector of which the output is filtered and 
corrects the operating 
point of the variable all-pass net- 
work. (See Figure 10.) 
As with the reference loop the oscillator signal is taken 
after the H/2 
phase switch 
and a commutator 
inserted 
before the filter so that constant 
phase detector errors 
are cancelled. 


For SECAM operation 
with TDA3030B the loop filter 
is grounded 
causing 
near zero phase shift so that the 
two 
synchronous 
detectors 
work 
in phase and not in 
quadrature. 


The use of a 4.4 MHz oscillator 
and a servo loop to 
generate 
the required 
90· reference signal allows 
the 
use of a standard, 
high volume, 
low cost crystal 
and 
gives an extremely 
accurate 90· which 
may be easily 
switched 
to O· for decoding 
AM SECAM generated 
by 
the TDA3030B adapter. 


U 
Signal 
From~ 
PAL 
Delay Line 


ACC AND 
IDENTIFICATION 
DETECTORS 
During burst gate time the output components 
of the 
U and also the V demodulators 
are steered into PNP 
emitters. 
One collector 
current of each PNP pair is mir- 
rored 
and balanced 
against 
its twin 
giving 
push pull 


current 
sources for driving 
the ACC and the identifica- 
tion filter capacitors. 
The identification 
detector is given an internal offset 
by making the NPN current mirror emitter resistors un- 
equal. The resistors are offset by 5% such that the iden- 
tification 
detector 
pulls up on its filter 
capacitor 
with 
zero signal. 


IDENTIFICATION 
See Figure 12 for definitions. 
Monochrome 
11> 12 
PAL ident. OK 
11< 12 
PAL ident. X 
11> 12 
NTSC 
13> 12 


Only for correctly identified 
PAL signal is the capacitor 
voltage 
held low since 12is then greater than 11· 


Filter 6 
C 
Control 
dC 


+12 
V 


4.0 k 


For monochrome 
and incorrectly 
identified 
PAL sig- 
nals 11> 12hence voltage Vc rises with each burst gate 
pulse. 
When 
Vref1 
is exceeded 
by 0.7 V latch 
1 is made 
conducting 
which 
increases rate of voltage 
rise on C. 


Maximum 
current 
is limited 
by Rl. 
When Vref2 is exceeded by 0.7 V then latch 2 is made 
conducting 
until 
C is completely 
discharged 
and the 
current drops to a value insufficient 
to hold on latch 2. 


As latch 2 turns on latch 1 must turn off. 
Latch 2 turning 
on gives extra trigger pulse to bistable 
to correct identification. 


The inhibit 
line on latch 2 restricts latch 2 conduction 
to alternate lines as controlled 
by the bistable. This func- 
tion allows the SECAM switching 
line to inhibit the bist- 


able operation 
by firing latch 2 in the correct phase for 
SECAM. For NTSC latch 2 is fired by current (13)injected 
into Pin 3 by the NTSC switch. This is supplied internally 
when V21 falls below 8.0 V. 


If the voltage on C is greater than 1.4 V then the sat- 


uration is held down. Only for SECAM/NTSC with latch 
2 on or correctly 
identified 
PAL can the saturation 
con- 
trol be anywhere 
but minimum. 


II 


II 


COLOR DIFFERENCE MATRIX lNG, COLOR KILLING, 
AND CHROMA 
BLANKING 
During picture time the two demodulators 
feed sim- 
ple RCfilters with emitter follower 
outputs. Color killing 
and blanking is performed 
by lifting these outputs to a 
voltage 
above the maximum 
value that the color dif- 
ference signal could supply. 


The color difference 
matrixing 
is performed 
by 2 dif- 
ferential 
amplifiers 
each with one side split to give the 
correct values of the - (S-V) and - (R-V) signals. These 
are added to give the (G-V) signal. 


The 3 color difference 
signals are then taken to the 
virtual 
earths of the video output stages together 
with 
luminance 
signal. 


Color 
Kill 
and 
Blanking 


SANDCASTLE 
SECTION 
The input signal is sliced at 2 levels, 1.5 V and 7.2 V. 


Above 
1.5 V is used for blanking, 
above 7.2 V for burst 
gating provided 
level on Pin 16 is below 0.7 V. If a normal 
Sandcastle 
is used, it is recommended 
to ground 
the 


Pin 16. This input is used to inhibit 
the burst gate. This 
is used if a true Sandcastle 
is not available; 
in this case 
horizontal 
flyback 
may be used instead 
and differen- 


tiated flyback 
applied to the -*- 
pin (input resistance 
1.0 k!1). 
t 


11 
DC Reference 
and Blanking O/P 


The DC Reference and Blanking section is used to bias 
the Video output 
stages. The temperature 
coefficient 
is 
arranged to be a VBE drift less than the Red, Green and 
Blue outputs. 


II 


1.OV 


Positive 


Video 


R2~ 
Vert. FlybKt 


Contrast 


Brightness 
"" 
1.0 Vp-p 
Posilive 
Video 


R2~ 


Vert. Flvback or Blanking Pulse 


RO - 
Should 
follow 
the 
Delay 
Line 
manufacturer's 
recommendations. 
R1 - 
Should 
be selected to give approximately 
10-12 
V pulse at Pin 15 (approximately 
5.0 k internal 
resistance). 


R2 - 
Should 
be selected to give approximately 
4.0 to 
5.0 V pulse at Pin 15 (approximately 
10k internal 
resistance). 


® MOTOROLA 


This device 
is designed 
to demodulate 
a typical 
chroma 
input 
signal 
and output 
the two color difference 
signals, 
R - Y and B - Y. 


• 
Decodes 
PAL or NTSC 


• 
Uses Inexpensive 
4.43/3.58 
MHz Crystal 


• 
No Oscillator 
Adjustment 
Required 


• 
On-Chip 
Hue Control 
for NTSC 


• 
Interfaces 
with 
TDA3030B 
SECAM 
Adaptor 


• 
Single 
12 V Supply 


• 
Low Dissipation 


TV COLOR DIFFERENCE 
DEMODULATOR 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
707-02 


Chroma 
DL DRIVER, 
Collector 
18 
Chroma 
DL Driver, 
Emitter 


Saturation 
17 
ACC 
Filter 


Identification 
Capacitor 
16 
Chroma 
Input 


V Input 
15 
Hue Control/NTSC 
Switch 


U Input 
14 
+12 V 


Crystal 
Drive 
13 
(R - YI Output 


Crystal 
Feedback 
12 
(8 - YI Output 


90° Loop Capacitor 
11 
Sandcastle 
Input 


Ground 
10 
Oscillator 
Loop 
Filter 


II 


Rating 
Pin 
Value 
Unit 


Supply Voltage 
39 
14 
Vdc 


Operating Temperature Range 
o to +70 
'C 


Storage Temperature Range 
-65 
to + 150 
'C 


Characteristic 
Pin 
Min 
Typ 
Max 
Unit 


Supply Voltage 
14 
10.8 
12 
13.2 
V 


Chroma Input 
16 
10 
100 
200 
mVp-p 
(burst) 


ACC Effectiveness 
1 
- 
1.2 
3.0 
dB 


Matrix 
Error 
- 
- 
10 
% 


Oscillator Capture Range 
350 
- 
- 
Hz 


U Ref. Phase Error 
- 
- 
5.0 
, 


V Ref. Phase Error 
- 
- 
5.0 
, 


U Input Sensitivity for 1.0 Vp-p 
(B-V) Output 
5 
- 
70 
- 
mVp-p 


Max Output (Limiting) 
B-V 
12 
- 
4.2 
- 
Vp-p 
R-V 
13 
- 
2.4 
- 
Vp-p 


DC Output 
B-V 
12 
- 
9.2 
- 
V 
R-V 
13 
- 
10.1 
- 
V 


Output Resistance 
B-V 
12 
- 
100 
- 
n 
R-V 
13 
- 
80 
- 
n 


18 


Chroma Delay Line 


3 
4 
5 


Ident Filter V U 


10 


VCO Filter 


-10 


iii 
-20 
~ 
c0.~ 
-30 
::>c:"Ji 
-40 


-50 


Note: 
Nominal 
100% 
saturation 
point 
is 
given 
by choice 
of R17 which 
sets 
ACC operating 
point. 


Burst 


4> Lead 


O(3.5S 
MHz) 


50 


40 


30 
.." 
20 
e 
Ol" 
10 
e 
Pin 15 Voltage 
(V) 


:J:.• 
4 
5 
6 
.z:: 
10 
CL. 


'e? 
20 
PAL 
::> 
CD 
30 
Mode 


40 
NTSC 
Mode 
50 


Burst 


4> Lag 


O 


II 


CHROMINANCE 
DECODER 
SECTION 
The 
chrominance 
decoder 
consists of the following 
blocks: 


Phase-locked 
reference 
oscillator 
- 
Figures 
5, 6, 
and 7 
Phase-locked 
90 degree 
servo 
loop 
- 
Figures 
7 
and 8 
U and V axis decoders 
ACC detector and identification 
detector - 
Figure 9 
Identification 
circuits and PAL bistable - 
Figure 10 
Color difference filters and matrixes with fast blanking 
circuits. 


The major design considerations 
apart from optimum 
performance 
were: 


- 
a minimum 
number 
of factory 
adjustments 
- 
a minimum 
number 
of external components 
- 
compatibility 
with the SECAM adapter TDA3030B 
- 
low dissipation 
- 
use of a standard 4.433618 MHz Crystal rather than 
a 2.0 fc Crystal with divider. 


REFERENCE 
REGENERATION 
The Crystal vca is of the phase shift variety in which 
the frequency 
is controlled 
by varying 
the phase of the 
feedback. A great deal of care was taken to ensure that 
the oscillator 
loop gain and the Crystal loading 
imped- 
ance were 
held constant 
in order 
to ensure that the 
circuit functions 
well with 
low grade Crystals (Crystals 
having high magnitude 
spurious 
responses can cause 
bad phase jitter). It is also necessary to ensure that the 
gain at third harmonic 
is low enough to ensure absence 
of oscillation 
at this frequency. 


By referring 
to Figures 5 and 6 it can be seen that the 
necessary 
± 45° phase shift is obtained 
by variable ad- 
dition of two currents 
11and 12which are then fed into 
the load resistance of the Crystal tuned circuit R1' Feed- 
back is taken from the Crystal load capacitance which 
gives a voltage 
VF lagging the Crystal current by 90°. 


The RC network 
in T1 collector 
causes 11to lag the 
collector 
current 
of T1 by 45°. 


For SECAM operation the currents 11and 12are added 
together 
in a fixed 
ratio giving 
a frequency 
close to 
nominal. 


When decoding 
PAL there are two departures 
from 
normal chroma 
reference regeneration 
practice: 


a) The loop is locked to the burst entering 
from the 
PAL delay line matrix 
U channel and hence there 
is no alternating 
component. 
A small improvement 
in signal/noise 
ratio is gained but more important 


Control 


Voltage 


a = 0 
I, 


al2 ----------7 
a = 
/ 
/ 
/ 
/ 
/ 


Ix 
// 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


is that the loop filter is not compromised 
by the 7.8 
kHz component 
normally 
required at this point for 
PAL identification. 
b) The H/2 switching 
of the oscillator 
phase is carried 
out before 
the phase detector. 
This implies 
any 
error signal from the phase detector is a signal at 
7.8 kHz and not dc. A commutator 
at the phase 
detector 
output 
also driven from the PAL bistable 
converts 
this 
ac signal to a dc prior 
to the loop 
filter. The purpose 
of this is that constant 
offsets 
in the phase detector 
are converted 
by the com- 
mutator 
to a signal at 7.8 kHz which 
is integrated 
to zero and does not give a phase error. 


When used for decoding 
NTSC the bistable is inhib- 
ited, and slightly 
less accurate 
phasing 
is achieved; 
however, as a hue control 
is used on NTSC, this cannot 
be considered 
to be a serious disadvantage. 


9 
Filter 
- 
C 
90" 


Filter 
Control 
dc 


4.43 MHz 


H/2 
From asc. 


SECAM 


Switching 


Filter 


To generate the U axis reference a variable 
all-pass 
network is utilized in a servo loop. The output of the all- 
pass network 
is compared 
with 
the oscillator 
output 
with a phase detector of which the output is filtered and 
corrects the operating 
point of the varible all-pass net- 
work (see Figure 8). 
As with the reference loop the oscillator signal is taken 
after the H/2 phase switch and a commutator 
inserted 
before the filter so that constant 
phase detector errors 
are cancelled. 
For SECAM operation the loop filter is grounded caus- 
ing near zero phase shift so that the two synchronous 
detectors work in phase and not in quadrature. 


The use of a 4.4 MHz oscillator 
and a servo loop to 
generate 
the required 
90° reference 
signal allows 
the 
use of a standard, 
high volume, 
low cost crystal 
and 
gives an extremely 
accurate 90° which 
may be easily 
switched 
to 0° for decoding 
AM SECAM generated 
by 
the TDA3030B Adapter. 


ACC AND IDENTIFICATION 
DETECTORS 
During burst gate time the output components 
of the 
U and also the V demodulators 
are steered into PNP 
emitters. 
One collector 
current of each PNP pair is mir- 
rored 
and balanced 
against 
its twin 
giving 
push-pull 


current sources for driving 
the ACC and the identifica- 
tion filter capacitors. 


The identification 
detector 
is given an internal offset 
by making the NPN current mirror emitter resistors un- 
equal. The resistors are offset by 5% such that the iden- 
tification 
detector 
pulls up on its filter 
capacitor 
with 
zero signal. 


IDENTIFICATION 
Monochrome 
I, >12 
PAL ident. OK I, <12 
PAL ident. X 
1,>12 
NTSC 
13>12 •• 


Only for correctly identified 
PAL signal is the capacitor 
voltage 
held low since 12is then greater than I,. 


For monochrome 
and incorrectly 
identified 
PAL sig- 
nals I, >12 hence voltage Vc rises with each burst gate 
puise. 


When Vref is exceeded by 0.7 V latch' 
is made con- 
ducting which increases rate of voltage rise on C. Max- 
imum current 
is limited 
by R,. 


When Vref is exceeded by 0.7 V then latch 2 is made 
conducting 
until 
C is completely 
discharged 
and the 
current drops to a value insufficient 
to hold on latch 2. 


As latch 2 turns on latch' 
must turn off. 


Latch 2 turning on gives extra trigger pulse to bistable 
to correct identification. 


The inhibit 
line on latch 2 restricts 
latch 2 conduction 
to alternate 
lines as controlled 
by the bistable. 
This func- 
tion 
allows 
the SECAM 
switching 
line to inhibit 
the bi- 
stable 
operation 
by firing 
latch 
2 in the correct 
phase 
for SECAM. 
For NTSC latch 2 is fired 
by current 
injected 


externally 
on the filter 
capacitor. 


If the voltage 
on C is greater 
than 
1.4 V then the sat- 
uration 
is held down. 
Only for SECAM/NTSC 
with 
latch 
2 on or correctly 
identified 
PAL can the saturation 
con- 
trol 
be anywhere 
but minimum. 


R2 


440 
VC 


COLOR DIFFERENCE MATRIXING, 
COLOR KILLING, 
AND CHROMA 
BLANKING 
During 
picture 
time 
the two 
demodulators 
feed sim- 
ple RC filters 
with 
emitter 
follower 
outputs. 
Color killing 
and blanking 
is performed' 
by lifting 
these outputs 
to a 
voltage 
above 
the 
maximum 
value 
that 
the color 
dif- 
ference 
signal 
could 
supply. 


The R-Y and B-Y demodulators 
have equal conversion 
gains. The demodulated 
signals are therefore 
fed through 
differential 
amplifiers 
with 
a gain 
ratio 
G (B-Yl/G 
(R-Y) 
= 1.78 in order 
to give correctly 
proportioned 
B-Y and 
R·Y signals 
at the output. 


Color 
Kill 
and 
Blanking 


•• 


IIp 
J.,~ 
- 
18 k 
1.0 nF 


1.0 p.F 


PAL 
Delay 
Line 


18 
17 
16 
15 
14 
13 
12 


TDA3333 


Motorola 
Linear has established 
itself as the leader 
in custom 
bipolar integrated 
circuits 
in the American 
and European automotive markets. These products are 
key elements in the rapidly growing engine control and 
body 
electronics 
portions 
of modern 
automobiles. 
Today, based on this new technology, 
Motorola offers 
a wide array of standard 
products 
to serve the broad 
base of manufacturers 
who support this industry. These 
products 
range from rugged high current "smart" 
fuel 
injector drivers which control and protect the fuel man- 
agement system, through the rigors of the underhood 
environment, 
to the latest in SiMaS switches and series 
transient 
protectors. 
Several 
devices 
are targeted 
to 
support 
microprocessor 
housekeeping 
and data 
line 
protection. A wide range of packaging is available, from 
die and SalCs 
for high density layouts, to low thermal 
resistance 
multi-pin, single-in-line 
types for high power 
controllCs. 
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Automotive 
Electronic 
Circuits 


Automotive 
Electronic Circuits 


Voltage 
Regulators 
Electronic 
Ignition 
Special 
Functions. 
Automotive 
High-Side 
Driver Switch. 


Universal 
Microprocessor 
Power Supply Controller . 


Automotive 
Direction 
Indicator 


.10-2 
.10-2 
.10-2 
.10-3 
. 10-3 
.10-3 


Case 
Device 


Function 
Features 
Suffix 


Automotive 
Voltage 
Regulator 
Designed 
for use with 
NPN 
Darlington, 
Overvoltage 
Protection; 
P 646 
MC3325 


"Open 
Sense" 
Shut 
Down; 
Selectable 
Temperature 
Coefficient 
for 
Use in a Floating 
Field Alternator 
Charging 
System 


Low 
Dropout 
Voltage 
Regulator 
Positive 
fixed 
and adjustable 
output 
voltage 
regulators 
which 
2129, 
LM2931,C 


maintain 
regulation 
with 
very 
low input to output 
voltage 
T,221A, 


differential. 
T/314D 


Low 
Dropout 
Dual 
Regulator 
Positive 
low voltage 
differential 
regulator 
which 
features 
dual 5 V 
T/314D 
LM2935 
outputs, 
with 
currents 
in excess 
of 750 mA and 
10 mA standby, 


and a low quiescent 
current 
of 3 mA or less. 


Electronic 
Ignition 
Circuit 
Designed 
for Use in High 
Energy 
Variable 
Dwell 
Electronic 
Ignition 
P1626, 
MC3334 
Systems 
with 
Variable 
Reluctance 
Sensors. 
Dwell 
and Spark 
Energy 
D/751 
are Externally 
Adjustable 


Flip-Chip 
Electronic 
Same 
as MC3334 
- 
Mirror 
Image 
Die for 
Inverted 
"Bumped" 
- 
MCCF3334 
Ignition 
Circuit 
Mounting 
to Substrate 


Injector 
Driver 
Power 
Driver 
for Automotive 
Fuel Injection 
Systems, 
5/3140 
MC3484 
Reduced 
Hold 
Current 
MC3484S2 
- 
2 Amps 
MC3484S4 
- 
4 Amps 


Transient 
Suppressor 
Series 
Transient, 
opens 
circuit to protect 
T/221A, 
MC3397T 


High 
Side 
Driver 
Switch 
Drives 
loads from 
positive 
side of power 
supply 
and protects 
T1314D 
MC3399T 
against 
high-voltage 
transients. 


Automotive 
Direction 
Indicator 
Detects 
defective 
lamps 
and protects 
against 
overvoltage 
and short 
P/626 
UAA1041 
circuit 
hazards. 


Peripheral 
Clamping 
Array 
Protects 
up to six MPU 
I/O lines against 
voltage 
transients. 
626 
TCF6000 


Pressure 
Transducer 
Consists 
of 2 Low Power 
Operational 
amplifiers 
with 
identical 
626,Dn51 
TCF7000 
Amplifier 
characteristics, 
except 
for the outputs. 


Automotive 
High-Side 
Driver Switch 


MC3399T - 
TJ = -40° 
to + 150°C, Case 314D 


The 
MC3399T is a High-Side 
Driver 
Switch 
that 
is 
designed 
to drive 
loads from 
the positive 
side of the 
power supply. The output 
is controlled 
by a TTL com- 


patible Enable pin. In the ON state, the device exhibits 
very low saturation 
voltages for load currents in excess 
of 750 mA. The device also protects the load from positive 
or negative going 
high voltage transients 
by becoming 
an open circuit and isolating the transient for its duration 
from the load. 


Universal 
Microprocessor 
Power Supply 
Controller 


TCA5600 - 
TA = - 40° to + 75°C, Case 707 


This device is a versatile 
power supply control circuit 
for microprocessor 
based systems and mainly intended 
for automotive 
applications 
and battery powered instru- 
ments. To cover a wide range of applications, 
the device 
offers high ·circuit flexibility 
with 
minimum 
of external 
components. 


Functions included 
in this IC are a temperature 
com- 
pensated voltage reference, on-chip dc/dc converter, pro- 
grammable 
and 
remote 
controlled 
voltage 
regulator, 


fixed 5.0 V supply 
voltage 
regulator 
with external 
PNP 
power device, undervoltage 
detection 
circuit, power-on 
RESET delay and watchdog feature for orderly micropro- 
cessor operations. 


Automotive 
Direction 
Indicator 


UAA1041,D-TA 
= -40° 
to + 100°C, Case 626, 751 


· .. designed for use in conjunction 
with a relay in auto- 
motive applications. 
It is also applicable for other warning 
lamps like "handbrake 
on" etc. 


• 
Defective Lamp Detection 


• 
Overvoltage 
Protection 


• 
Short Circuit Detection and Relay Shutdown to Prevent 
Risk of Fire 


• 
Reverse Battery Connection 
Protection 


• 
Integrated Suppression 
Clamp Diode 


NOTE: 
-Depending 
on load 
Current and Transient 
Duration. 
an Output 
Capacitor 


(Col of sufficient value may be used 10 hold up Output Voltage during the 
Transient. 
and absorb Turn·off 
Delay Voltage Overshoot. 


L1: 
1.2W 
•••••rn'nglight·h.ndbr.k.ON 


R1_15k 


R2_J.3k 
RJ.220fl 


l2.LJ,L4,l5:21 
W,lu,n.ign.11 


Rt· 
lOrnll 


Cl - S.a,.f 
C2 _ 0.041,.f 


AUTOMOTIVE 
ELECTRONIC 
CIRCUITS 


VOLTAGE 
REGULATORS 


Device 
LM2931 Series 
MC3325 


Function 
Page 


Low Dropout 
Voltage 
Regulator 
See Chapter 
3 
Automotive 
Voltage 
Regulator 
10-5 


Device 
MC3334 
MCC3334 
MCCF3334 


Function 


High Energy 
Ignition 
Circuit 
High Energy 
Ignition 
Circuit 
High Energy 
Ignition 
Circuit 


Page 


10-9 
10-9 
10-9 


Device 
MC3397T 
MC3399T 
MC3484S2-1, 
MC3484S4·1 
TCA5600 
TCF6000 
TCF7000 
UAA1041 


Application 
Note 


AN840 


AN922 
AN935 
AN961 
AN962 


Function 
Page 


Transient 
Suppressor 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
10-13 
Automotive 
High Side Driver 
Switch 
10-16 


Integrated 
Solenoid 
Driver 
10-19 
Universal 
Microprocessor 
Power 
Supply 
Controller 
See Chapter 
3 
Peripheral 
Clamping 
Array 
See Chapter 
7 
Pressure Transducer 
Amplifier 
10-25 
Automotive 
Direction 
Indicator 
10-27 


Related 
Title 
Device 


Temperature 
Compensation 
Methods 
for the Motorola 
X-Ducer 
Pressure 
Sensor 
Element 
TCF7000 
Temperature 
Compensation, 
Calibration 
TCF7000 
Compensating 
for Nonlinearity 
in the 
TCF7000 
Interfacing 
the MPX2000 
Series Silicon 
Pressure 
Sensors 
TCF7000 
MPX Pressure 
Sensors 
TCF7000 


® MOTOROLA 


AUTOMOTIVE 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


... 
designed for use in conjunction with an NPN Darlington transis· 
tor in a floating field alternator charging system. 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646-06 


'4 NC 


'3 
NC 
1m 
12 
NC 


" 
NC 


'0 
Output 


9 
Feedback 


Diode TC 


Adjust 


Rating 
Symbol 
Value 
Unit 


Current 
Into Pins 5.6, 
and 7 
15,6, or 7 
50 
mA 


Current 
Into Pin 3 
13 
20 
mA 


Current 
Into Pin 4 
14 
20 
mA 


Current 
Into Pin 2 
12 
120 
mA 


Current 
Into Pin 8 
IS 
50 
mA 


Current 
Into Pin 9 
19 
50 
mA 


Current 
Into Pin 10 
110 
50 
mA 


Junction Temperature 
TJ 
150 
°c 


Operating Temperature 
Range 
TA 
-40 to +S5 
°c 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Characteristic 
Symbol 
Min 
TVp 
Max 
Unit 


Diode TC Adjust: 
Threshold 
Voltage on Pin 8 
Vs 
7.9 
- 
S.95 
V 
(Figure 1) 


Battery Sense: Threshold 
Voltage on Pin 5 
V5 
11.S 
- 
13.45 
V 
(Figure 1) 


Battery Sense: 
Threshold Voltage on Pin 6 
V6 
11.1 
- 
12.75 
V 
(Figure 1) 


Battery Sense: 
Threshold Voltage on Pin 7 
V7 
10.5 
- 
11.9 
V 
(Figure 1) 


Battery Sense Loss Detect: 
Threshold Current 
Into Pin 4 
14 
- 
- 
600 
I'A 
(Figure 2) 


Battery Sense Loss Detect: 
Threshold 
Voltage at Pin 4 
V4 
1.3 
- 
1.7 
V 
(14 •• 400 I'A, 
Figure 
21 


Overvoltage Sense: Threshold Current 
Into Pin 3 
13 
- 
- 
600 
I'A 
(Figure 2) 


Overvoltage Sense: Threshold 
Voltage at Pin 3 
V3 
6.7 
- 
9.0 
V 
(13 •• 400 I'A, 
Figure 
2) 


Output 
Drive Adjust: 
Voltage 
Drop from Pin 2 to Pin 10 
V2 
1.9 
- 
2.4 
V 
(12 ~ 10 mA, 
Figure 
3) 


Low State Output 
Voltage at Pin 10 
V10 
- 
- 
0.7 
V 
(13; 
12 mA, 
12; 
120 mA, 
Figure 
4) 


500 
-=- 
+14 
V 


'3_ 
V3 
3 


'4- 
V4 4 


FIGURE 
3 
FIGURE 
4 


14 
14 
a 
13 
13 


10mA 
12 
3 
12 


4 
11 
4 
11 
-=- 
V,0 
10 
10 


4.7 
k 


6 
9 
-=- 
-=- 
-=- 
6 
9 
-=- 


8 
8 


MOTOROLA 
LINEAR/INTERFACE 
DEVICES 


10-7 


R5 
R4 
R3 
R2 


R6 


To 5, 6. or 7- 


1 


3+ 


6 
4 


Power 
Darlington 


[2N6059----- 
-----, 


I 
I 


I 
I 


To 
Alternator 


Field 


I 
I 
I 
I 
I 
I 
IL 
_ 


-Note: 
The 
temperature 
coefficient 
of 
the 
battery 
voltage 
sense terminal 
is determined 
by the 
number 
of 
diodes 
used in 
the diode 
string Ii.e .. whether 
Pin 5, 6, or 7 is used). 
The approximate 
temperature 
coefficient 
for 
a diode 
at 1.0 mA is 
-2.0 
mV/ce, 
and for 
a zener 
diode 
it is +3.0 
mVtoC. 
Counting 
from 
ground 
(see circuit 
schematic) 
we have -2.0 
mV 
for 
05. 
-2.0 
mV 
for 04. +3.0 mV for 
Z1, -8.0 
mV 
for 05 thru 08, and an additional 
-2.0 
mV each for 09 and 010 
if used. 


The total 
temperature 
coefficient 
can be varied from 
approximately 
-9.0 
my/DC 
to -13 
my/DC 
depending 
on the number 
of the diodes 
in the diode 
string 
that 
are utilized. 


APPLICATIONS CIRCUIT INFORMATION 


(See 
Figure 
5) 


Determines the temperature 
coefficient 
by setting 
the value of current 
in the diode string. 
As the 
value of R1 decreases, so does the effective TC. 
R2 
R1 should 
be chosen so that the current 
in the 
diode string is between 0.5 mA and 1.0 mA. 


This resistor determines 
the Vreg voltage as de- 
fined by the following 
equation: 


R5 
R5 
Vreg = (1 + AT) 8.4 + (n + 5K) (0.7) 


n = 
number of diodes used in diode string 


(4"" 
n "" S) 


R4 
Used as a current limiting 
resistor on Pin 4 in case 
of an open battery voltage sense lead. 


R3 
Used as a current limiting 
resistor on Pin 3 in case 
of overvoltage 
at the diode trio. Voltage at Pin 3 
will run approximately 
7.5 volts. R3should be cho- 
sen so that the current 
(13) at maximum 
over- 


This resistor determines the output drive current. 
Refer to specifications 
for the darlington 
driver 
and 
select 
the 
value 
for 
R2 that 
will 
provide 


enough drive to the output when the diode trio 
voltage is at a minimum. 


. 
_ Vmin 
- 
2.8V 


IDrive ~ 
R2 + 50 0 


RS 
This resistor in conjunction 
with R3 is used to set 


the threshold 
of overvoltage 
action. 


R3 + RS 
Threshold'" 
--R-S- 
(7.5) 


R7 
Used for compensation 
(Approximately 
3.0 kO) 


C1, 
Used for compensation 
C2 
(Approximately 
0.01 /LF) 
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· .. designed to use the signal from a reluctor type ignition 
pickup 
to produce a well controlled 
output from a power Darlington 
out- 
put transistor. 


• 
Very low 
Peripheral 
Component 
Count 


• 
No Critical System Resistors 


• 
Wide Supply Voltage Operating 
Range (4.0-24 
V) 


• 
Overvoltage 
Shutdown 
(30 V) 


• 
Dwell Automatically 
Adjusts To Produce Optimum 
Stored 
Energy Without 
Waste 


• 
Externally 
Adjustable 
Peak Current 


• 
Available 
in Chip and Flip Chip Form 


• 
Transient 
Protected Inputs and Outputs 


Reting 
Symbol 
Velue 
Unit 


Power 
Supply 
Voltage 
- 
Steady 
State 
VBATT 
24 
Volts 
Transient 
300 ms or less 
. 
90 


Output 
Sink 
Current 
- 
Steady 
State 
lout 
300 
mA 
Transient 300 ms or less 
1.0 
Amps 


Junction Temperature 
TJ(maxl 
150 
·C 


Operating 
Temperature 
Range 
TA 
-40 
to + 125 
·C 


Storage 
Temperature 
Range 
Tsto 
-65 
to + 150 
·C 


Power 
Dissipation, 
Package 
Po 
1.25 
Watts 
Derate above 
25°C 
10 
mwrc 


MC3334P 
MCC3334 
MCCF3334 


HIGH 
ENERGY 
IGNITION 
CIRCUIT 


SILICON 
MONOLITHIC 
INTEGRATED 
CIRCUIT 
•• 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


Temperature 
Device 
Renge 
Peckege 


MC3334P 
-40 
to + 125 
Plastic 
DIP 


MCC3334 
-40 
to + 125 
Chip 


MCCF3334 
-40 
to + 125 
Flip-Chip 


~4.tts 


CFILTER I: 


0.1 
-=- 
6 
VCC 
r-, 
I 
0 
Reluctor 
I 


Pickup 
: 


1.35 H 
: 
I 


L....o 


·Optional Parts for 
Extended 
Transient 
Protection 


Dwell 
Reference 
Buffer 


··A 
350 V zener 
clamp is required 
when 
using 
the standard 
MJ10012. 


This clamp 
is not required 
if a 
selected 
version 
with 
V CEO(sus) 
;e: 550 V 
is used. 


Ignition 
Coil 
Primary 
8.0 mH 
Power 
Output 
7 


and 
OUT 
OVP 


Current 
Limit 
Sense 


8 


IL 


R02 
100 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Internal 
Supply 
Voltage, 
Pin 6 
VCC 
Vdc 


VBATI 
= 4.0 Vdc 
- 
3.5 
- 


B.O Vdc 
- 
7.2 
- 


12.0 
- 
10.4 
- 


14.0 
- 
11.8 
- 


Ignition Coil Current Peak. Cranking RPM 2.0 - 27 Hz 
lo(pk) 
A pk 


VBATI 
= 4.0 Vdc 
3.0 
3.4 
- 


6.0 
4.0 
5.2 
- 


80 
4.6 
5.3 
- 


10.0 
5.1 
5.4 
- 


Ignition Coil Current 
Peak. Normal RPM 
lo(pk) 
Apk 


Freq. = 33 Hz 
5.1 
5.5 
- 


133 Hz 
5.1 
5.5 
- 


200 Hz 
4.2 
5.4 
- 


267 Hz 
3.4 
4.4 
- 


333 Hz 
2.7 
3.4 
- 


Ignition Coil On-Time. 
Normal RPM Range 
ton 
ms 


Freq. = 33 Hz 
- 
7.5 
14.0 


133 Hz 
- 
50 
5.9 


200 Hz 
- 
4.0 
4.6 


267 Hz 
- 
3.0 
3.6 


333 Hz 
- 
2.3 
2.8 


Shutdown 
Voltage 
VBATI 
25 
30 
35 
Vdc 


Input Threshold (Static Test) 
VS2-VS1 
mVdc 


Turn-on 
- 
360 
- 


Turn·off 
- 
90 
- 


Input Threshold 
Hysteresis 
VS2-VS1 
75 
- 
- 
mVdc 


Input Threshold 
(Active Operation) 
VS2 
Vdc 


Turn-on 
- 
1.B 
- 


Turn-off 
- 
1.5 
- 


Total Circuit Lag from ts (Figure 1) until Ignition Coil Current 
- 
60 
120 
~s 
Falls to 10% 


Ignition Coil Current Fall Time (90%-10%) 
- 
4.0 
- 
~s 


Saturation 
Voltage 
I.C. Output 
(Pin 7) (RORIVE = l00!l) 
VCE(sat) 
mVdc 


VBATI= 
10Vdc 
- 
120 
- 
30 Vdc 
- 
280 
- 


50 Vdc 
- 
540 
- 


Current 
Limit 
Reference, 
Pin 8 
Vrel 
120 
160 
190 
mVdc 


60 
5.5A 
5.0 


~ 40 
E 
~ 30 
.2 


20 


10 


I 
200 
I I 
5 


I 
33 Freq (Hz) 
I I I I 
30 
ms 


The 
MC3334 
high 
energy 
ignition 
circuit 
was 
de- 


signed to serve aftermarket 
Delco five terminal 
ignition 
applications. 
This device, driving 
a high voltage 
Dar- 


lington 
transistor, 
offers an ignition 
system which op- 


timizes 
spark energy 
at minimum 
power 
dissipation. 


The IC is pinned out to permit thick film or printed circuit 
module 
design without 
any crossovers. 


CIRCUIT DESCRIPTION 
The basic function 
of an ignition 
circuit is to permit 
build-up 
of current 
in the primary 
of a spark coil, and 
then to interrupt 
the flow at the proper firing time. The 
resulting 
flyback action in the ignition 
coil induces the 
required 
high secondary voltage 
needed for the spark. 


In the simplest 
systems, fixed dwell angle produces a 
fixed 
duty cycle, which 
can result in too little stored 
energy at high RPM, and/or wasted power at low RPM. 
The MC3334 uses a variable dc voltage reference, stored 
on CDWELL, and buffered 
to the bottom 
end of the 
reluctor 
pickup (S1) to vary the duty cycle at the spark 
coil. At high RPM, the MC3334 holds the output 
"off" 


for approximately 
1.0 ms to permit full energy discharge 
from 
the previous 
spark; then it switches 
the output 
Darlington 
transistor 
into full 
saturation. 
The current 
ramps up at a slope dictated by VSATT and the coil L. 
At very high RPM the peak current 
may be less than 
desired, but it is limited 
by the coil itself. 


As the RPM decreases, the ignition coil current builds 
up and would 
be limited 
only 
by series 
resistance 
losses. The MC3334 provides 
adjustable 
peak current 
regulation 
sensed by RS and set by RD1' in this case at 
5.5 A. as shown 
in Figure 2. As the RPM decreases 
further, the coil current is held at 5.5 A for a short period. 
This provides 
a reserve for sudden acceleration, when 
discharge 
may suddenly 
occur earlier than expected. 
The peak hold period 
is about 20% at medium 
RPM, 


decreasing 
to about 10% at very low RPM. (Note: 333 
Hz = 5000 RPM for an eight cylinder four stroke engine.) 
At 
lower 
VSATT, 
the 
"on" 
period 
automatically 
stretches to accommodate 
the slower current build-up. 


At very low VSATT and low RPM, a common condition 
during 
cold starting, 
the "on" 
period is nearly the full 
cycle to permit as much coil current as possible. 


The output 
stage of the IC is designed with an OVP 
circuit which turns it on at VSATT = 30 V (VCC = 22 V), 
holding 
the output 
Darlington 
off. This protects the IC 
and the Darlington 
from damage due to load dump or 
other causes of excessive VSATT. 


COMPONENT 
VALUES 
PICKUP 
- 
series resistance = 800 n ± 10% @ 25°C 
inductance 
= 
1.35 H @ 1.0 kHz @ 
15 
Vrms. 
COIL 
leakage L = 0.6 mH 
primary 
R = 0.43 n 
± 5% @ 25°C 
primary 
L = 7.5 to 8.5 mH @ 5.0 A 
RL 
load resistor for pick-up = 10 kn ± 20% 


input buffer resistors, provide additional 
transient 
protection 
to 
the 
already 
clamped 
inputs = 20 k ± 20% 


for reduction of high frequency noise and 
spark transients 
induced 
in pick-up and 
leads; optional 
and non-critical 
provides load dump protection 
(but small 
enough 
to allow 
operation 
at VSATT 
4.0 V) = 300 n ± 20% 
transient 
filter on VCC, non-critical 
stores reference, circuit designed for 0.1 
ILF ± 20% 
RGAIN/RD1 sets the dc gain of the current 
regulator 
= 5.0 k ± 20% 


RD2/RD1 set up voltage feedback from RS 
sense resistor 
(PdAg in thick film 
tech- 
niques) = 0.075 n ± 30% 
low enough to supply drive to the output 
Darlington, 
high enough to keep VCE(sat) 
ofthe 
IC below Darlington turn-on during 
load dump = 100 n ± 20%,5.0 W 
starting 
with 35 n assures less than 5.5 
A, increasing 
as required to set 5.5 A 


CFlLTER 
CDWELL 


R 
lo(pk) RS-Vref 
100 n ( 
) 
D1 = Vref 
1.4 
- = 
nom 


RD2 - 
RGAIN 


GENERAL LAYOUT 
NOTES 
The major concern in the substrate design should be 
to reduce ground 
resistance problems. The first area of 
concern 
is the 
metallization 
resistance 
in the power 
ground to module ground and the output to the RDRIVE 
resistor. This resistance directly adds to the VCE(sat) of 
the IC power device and if not minimized 
could cause 
failure in load dump. The second concern is to reference 
the sense ground 
as close to the ground 
end of the 
sense resistor 
as possible 
in order to further 
remove 
the sensitivity 
of ignition 
coil 
current 
to ground 
I.R. 


drops. 


All versions were designed to provide the same pin- 
out order viewed from the top (component 
side) of the 
board or substrate. 
This was done to eliminate 
con- 
ductor cross-overs. The standard MC3334 plastic device 
is numbered 
in the industry convention, 
counter-clock- 
wise viewed 
from the top. The MCC3334 chip version 
is made from the same die artwork, so it is also counter- 
clockwise 
viewed 
from 
the top, or bonding 
pad side. 


The MCCF3334 "flip" 
or "bump" 
chip is made from 
reversed artwork, 
so it is numbered 
clockwise viewed 
from 
its bump 
side. Since this chip is mounted 
face 
down, the resulting assembly still has the same counter- 
clockwise order viewed from above the component 
sur- 
face. All chips 
have the same size and bonding 
pad 
spacing. See Figure 4 for dimensions. 
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The MC3397T 
is a Series Switch 
Transient 
Protection 
Circuit. 


Under normal 
operating 
voltage 
conditions, 
the device acts as a 
saturated 
series pass element 
with 
a very low voltage 
drop for 
load currents 
in excess of 750 mA. In the event of an over voltage 
condition 
(;;, 17.5 V typ) or high voltage transient 
of either positive 
or negative 
polarity, 
the MC3397T instantaneously 
switches to an 
open circuit 
(OFF) state, interrupting 
power to the load and pro- 
tecting 
the load during 
this potentially 
destructive 
condition. 
The 
device will immediately 
recover to an ON state when supply volt- 
ages fall within 
the normal 
operating 
range. 
The MC3397T is fabricated 
on a power 
BiMOS process which 
combines 
the best features of Bipolar and MOS technologies. 
The 
mixed technology 
provides 
higher 
gain PNP output 
devices and 
results 
in Power 
Integrated 
Circuits 
with 
reduced 
quiescent 
current. 


The device operates 
in its ON state over a wide power 
supply 
voltage range of4.0 V to 16 V and can withstand 
voltage transients 
(positive or negative) of ± 125 V. A rugged PNP output stage along 
with 
active clamp 
circuitry, 
current 
limit 
and thermal 
shutdown 
permits 
driving 
of all types 
of loads 
including 
inductive. 
The 
MC3397T is specified 
over a wide junction 
temperature 
of -40°C 
to + 125°C and is ideally suited for industrial 
and automotive 
appli- 
cations where 
harsh environments 
exist. 


• 
Transient 
Protection 
Up to ± 125 V 


• 
Load Currents 
in Excess of 750 mA 


• 
Low Switch 
Voltage 
Drop 


• 
Low Quiescent 
Current 


• 
Fast Shutdown 
and Recovery 
Response to Transients 


• 
On-Chip Current 
Limit and Thermal 
Shutdown 
Circuitry 


• 
Capacitor 
May Be Used to Support 
Load During Transient 


Rating 
Symbol 
Value 
Unit 


Input 
Voltage 
- 
Continuous 
Vin 
±85 
Vdc 


Input Voltage - 
Transient It = 100 msl 
Vinlt) 
±125 
V 
It ~ 1,0 msl 


Output Current 
10 
Internally 
A 
Limited 


Power 
Dissipation 
and Thermal 
Characteristics 
TA ~ +25°C 
Po 
2.0 
Walls 
Derate above TA = + 25°C 
1/8JA 
16 
mWrC 


Thermal 
Resistance 
Junction 
to Ambient 
8JA 
62,5 
°CiW 
TC = +25°C 
Po 
25 
Walls 
Derate above TC = + 25°C 
1/8JA 
200 
mWrC 
Thermal 
Resistance 
Junction 
to Case 
8JA 
5.0 
°CiW 


Operating 
Junction 
Temperature 
Range 
TJ 
-40 to +125 
°C 


Storage Temperature Range 
TStQ 
-65to 
+150 
°C 


SERIES 
SWITCH 
TRANSIENT 
PROTECTION 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED 
CIRCUIT 


T SUFFIX 
PLASTICPACKAGE 
<A""'~' ~ 


2 ~PIN 
1. INPUT 
3 
2. OUTPUT 
3. GROUND 


TIMING DIAGRAM 
':::K~::? 


+1::~ 
i: 10 


1 


Input 


-.j 
14- 


I 
I 
1.0 ms 


- 125V- 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Minimum 
Operating 
Voltage 
Vin(min) 
- 
2.5 
4.5 
V 


Quiescent 
Current 
16 
mA 


IL = 150 mA, Vin ~ +4.5 V 
- 
3.0 
10 


IL ~ 
500 mA, Vin = +12 V 
- 
8.0 
30 


IL = 750 mA, Vin ~ + 16 V 
- 
15 
50 


Switch 
Voltage 
Drop 
Vin-VO 
mV 


IL ~ 
150 mA, Vin ~ +4.5 V 
- 
175 
300 
IL ~ 
500 mA, Vin = +12 V 
- 
300 
500 


IL = 750 mA, Vin = +16 V 
- 
425 
750 


Output 
Current 
Limit 
ISC 
0.8 
1.5 
2.5 
A 
Vo = 0 V 


Output 
Leakage 
Current 
ILeak 
- 
10 
- 
mA 
36 V < Vin '" 55 V, Vo = 0 V 


Over Voltage 
Shutdown 
Threshold 
Vin(OVI 
16 
17.25 
18.5 
V 


IL'" 
100 I'-A 


Output 
Turn-Off 
Delay 
Time 
tDLY(OVI 
- 
14 
- 
I'-S 
ITJ = + 25'C) 
to Over Voltage 
Condition, 
Vin stepped 
from 
12 V to 40 V 
V '" 0.9 Vo 
(Figure 
21 


Output 
Recovery 
Delay 
Time 
(TJ ~ + 25'C) 
tRCVY 
- 
7.0 
- 
I'-S 
Vin stepped 
from 
40 V to 12 V, V ,. 0.9 Vo (Figure 
21 


NOTE: 
-Depending on Load Current and Transient Duration. an Output Capacitor (CO) of 
sufficient value may be used to hold up Output Voltage during the Transient. and 
absorb Turn-off Delay Voltage Overshoot. 
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The MC3399T is a High-Side Driver Switch that is designed to 
drive loads from the positive side of the power supply. The output 
is controlled 
by a TTL compatible 
Enable pin. In the ON state, the 
device exhibits very low saturation 
voltages for load currents in 
excess of 750 mA. The device also protects the load from positive 
or negative going high voltage transients 
by becoming 
an open 
circuit and isolating the transient for its duration from the load. 
The MC3399T is fabricated 
on a power BIMOS process which 
combines the best features of Bipolar and MaS technologies. 
The 
mixed technology 
provides 
higher gain PNP output devices and 


results 
in Power 
Integrated 
Circuits 
with 
reduced 
quiescent 
current. 
The device operates over a wide power supply voltage 
range 
and can withstand 
voltage 
transients 
(positive 
or negative) 
of 
± 100 V. A rugged PNP output stage along with active clamp cir- 
cuitry, current limit and thermal 
shutdown 
permits driving 
of all 
types of loads including 
inductive. The MC3399T is specified over 
a wide junction 
temperature 
of - 40°C to + 125°C and is ideally 
suited for industrial 
and automotive 
applications 
where harsh en- 
vironments 
exist. 


• 
Low Switch Voltage Drop 


• 
Load Currents in Excess of 750 mA 


• 
Low Quiescent Current 


• 
Transient Protection 
Up to ± 100 V 


• 
TTL Compatible 
Enable Input 


• 
On-Chip Current Limit and Thermal Shutdown 
Circuitry 


Rating 
Symbol 
Value 
Unit 


Ignition 
Input 
Voltage 
- 
Continuous 
VIGN 
+25 
Vdc 


-12 


Ignition 
Input 
Voltage 
- 
Transient 
VIGN 
V 
t = 100ms 
±60 
t ~ 1.0 ms 
±100 


Input Voltage 
Vin 
-0.3 to + 7.0 
V 


Output Current 
10 
Internally 
A 
Limited 


Power 
Dissipation 
and Thermal 
Characteristics 
TA ~ +25°C 
Po 
2.0 
Watts 
Derateabove TA ~ + 25°C 
1/8JA 
16 
mwrc 


Thermal 
Resistance 
Junction 
to Ambient 
8JA 
65 
°elW 
TC ~ +25°e 
Po 
25 
Watts 
Derateabove TC = + 25°e 
1/8JA 
200 
mwrc 
Thermal 
Resistance 
Junction 
to Case 
8JA 
5.0 
°CIW 


Operating Junction Temperature Range 
TJ 
-40 to +150 
°C 


Storage 
Temperature 
Range 
Tsta 
-65 to +150 
°e 


AUTOMOTIVE 
HIGH-SIDE 
DRIVER 
SWITCH 


T SUFFIX 


PLASTICPACKAGE,. 
. 
CASE3140-01 
G> 


%' 


Pin 1. Ignition 
1 
%~ 


2. Output 
3. Output 
4. Ground 
5. Input 


TIMING 
DIAGRAM 


+100 VJc- 
Line Transg.ent 
1.0 ms 


+31 V- 
I 
I 
-j 
l- 


+12V- 
I 
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-+i 
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I 
I 


- 100V- 
1.0ms 


+5.0VJ 
o V- 


+31 V~ 
Output 
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+12V- 
h r- 


OV- 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Operating 
Voltage 
VIGNCminl 
4.5 
- 
- 
V 


Switch 
Voltage 
Drop 
(Saturation) 
VIGN-VO 
V 


VIGN 
~ 4.5 V 10 = 
150 mA 
TJ 
~ 
25·C 
- 
0.2 
0.5 


10 ~ 200 mA 
TJ 
~ 
-4O·C 
- 
0.3 
0.5 


10 ~ 
125 mA 
TJ = 125·C 
- 
0.3 
0.5 


VIGN 
= 12V10 
= 425mA 
TJ = 25·C 
- 
0.3 
0.7 


10 = 550 mA 
TJ = 
-40·C 
- 
0.3 
0.7 


VIGN 
= 16 V 10 = 375 mA 
TJ 
~ 
125·C 
- 
0.4 
0.7 


Quiescent 
Current 
IGND 
mA 


VIGN 
~ 
12 V 10 = 
150 mA 
TJ = 25·C 
- 
12 
50 


10 ~ 
550 mA 
TJ ~ -40·C 
- 
25 
100 


10 ~ 
300 mA 
TJ 
~ 
125·C 
- 
10 
50 


Output 
Current 
Limit 
ISC 
- 
1.6 
2.5 
A 


Va 
~ 0 V 
- 


Output 
Leakage 
Current 
ILeak 
- 
10 
150 
p.A 


VIGN 
~ 
12 V, Input 
= "0" 


Input 
Voltage 
V 
High 
Logic 
State 
VIH 
2.0 
- 
- 
Low 
Logic 
State 
VIL 
- 
- 
0.8 


Input 
Current 
I'A 
High 
Logic 
State 
(VIH = 5.5 V) 
IIH 
- 
120 
- 
Low 
Logic 
State 
(VIL = 0.4 V) 
IlL 
- 
20 
- 


Output 
Turn-On 
Delay 
Time 
tDLY(on) 
- 
50 
- 
I'S 
Input 
= "0" 
- 
"1," 
TJ = + 25·C (Figures 
1 and 
2) 


Output 
Turn-Off 
Delay 
Time 
tDLY(off) 
- 
5.0 
- 
I'S 
Input 
~ 
"1" 
- 
"0," 
TJ = + 25·C 
(Figures 
1 and 
2) 


Over 
Voltage 
Shutdown 
Threshold 
VinCOV) 
26 
31 
36 
V 


Output 
Turn-Off 
Delay 
Time 
(TJ = + 25·C) 
tDLY 
- 
2.0 
- 
I'S 
to Over 
Voltage 
Condition, 
Vin 
stepped 
from 
12 V to 40 V, 


V '" 0.9 Va 
(Figures 
1 and 
2) 


Output 
Recovery 
Delay 
Time 
(TJ = + 25·C) 
tRCVY 
- 
5.0 
- 
I'S 
VIGN 
stepped 
from 
40 V to 
12 V. V '" 0.9 Va 
(Figures 
1 and 
2) 


NOTE: 
-Depending on Load Current and Transient Duration. an Output Capacitor (COI of 
sufficient value may be used to hold up Output Voltage during the Transient. and 
absorb Turn-off Delay Voltage Overshoot. 
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FIGURE 
3 - 
SWITCH 
VOLTAGE 
DROP versus 
LOAD 
CURRENT 
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The MC3484 is an integrated 
monolithic 
solenoid driver. Its typ- 


ical function 
is to apply full battery voltage to fuel injector!s) 
for 
rapid current 
rise, in order to produce positive 
injector opening. 


When load current 
reaches a preset level (4.0 A in MC3484S4 or 
2.4 A in MC3484S2) the injector 
driver reduces the load current 


by a 4-to-1 ratio and operates as a constant current supply. This 
condition 
holds the injector open and reduces system dissipation. 
Other 
solenoid 
or 
relay 
applications 
could 
be served 
by the 
MC3484. Two high impedance 
inputs are provided 
which permit 
a variety 
of control 
options 
and can be driven by TTL or CMOS 
logic. 


• 
Microprocessor 
Compatible 
Inputs 


• 
On-Chip Power Device 
MC3484S2- 1 
2.4 A Peak 
0.6 A Sustain 
MC3484S4-1 
4.0 A Peak 
1.0 A Sustain 


• 
Low Thermal 
Resistance to Grounded Tab - 
R8JC = 2.5°CIW 


• 
Overvoltage 
Protection Cutoff 


• 
Low Saturation 
Voltage - 
VCE(sat) = 1.6 V Typ 
(C, 4.0 A 


• 
Uncompromised 
Performance 
- 40·C to + 85°C Junction 
Temperature 


• 
Fully Functional from Vbat 
= 4.0 V to 24 V 


• 
High VCEO(sus) = 42 V min 
(C, ISUSTAIN 


• 
Alternate 
Lead Forms are Available 


MC3484S2·1 
MC3484S4·1 


SOLENOID 
DRIVER 
2.4A-S2 
4.0A- 
S4 


S SUFFIX 
PLASTIC 
PACKAGE 


CASE 
3140 


ORDERING INFORMATION 


Tested 
Ambient 
Peak 
Device 
Temperature 
Range 
Current 


MC3484S2-1 
-40 
to 
+85°C 
2.4 A 


MC3484S4-1 
-40 
to +85°C 
4.0 A 


FIGURE 
1 - 
TYPICAL 
APPLICATION 
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Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
(Vbatl 
Vbat 
24 
Volts 


Input 
(Pin 11 
Vin 
-6.0 
to +24 
V 


Control 
(Pin 21 
Vcont 
o to +5.0 
V 


Internal 
Regulator 
(Pin 5) 
- 
50 
mA 


Junction 
Temperature 
TJ 
150 
'C 


Operating 
Temperature 
(Tab Temperature) 
TA 
-40 
to + 105 
'C 


Storage 
Temperature 
TStQ 
-65 
to 
+ 150 
'C 


Thermal 
Resistance, 
Junction 
to Case 
HJC 
2.5 
'CIW 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Peak Current 
54·' 
Ipk(sensel 
3.6 
4.0 
5.2 
A 
52·' 
1.7 
2.4 
29 


Output 
Sustaining 
Current 
Isus 
0.95 
1.0 
1.3 
A 
050 
06 
0.7 


VCEO(susl 
(n 2.0 A 
- 
42 
50 
- 
V 


Output 
Voltage 
in Saturated 
Mode 
Vout 
V 


52 (I, 1.5 A 
- 
1.2 
- 


54 (I, 3.0 A 
- 
1.6 
- 


Internal 
Regulated 
Voltage 
(VCC. Figure 
21 
Vrea 
- 
7.1 
- 
V 


Input 
"On" 
Threshold 
Voltage 
Yon 
- 
1.4 
20 
V 


Input 
"Off" 
Threshold 
Voltage 
Voff 
0.7 
1.3 
- 
V 


Input "On" Current 
lin 
JJ.A 


(I, VI = 2.0 Vdc 
- 
50 
- 


(n VI = 5.0 Vdc 
- 
220 
- 


Control 
"On" 
Threshold 
Voltage 
(Pin 21 
Veant 
- 
1.5 
- 
V 


Control 
"On" 
Current 
lin2 
- 
75 
- 
JJ.A 


Control 
Pin Impedance 
V, 
Low 
- 
10 
- 
kll 


Input 
Turn 
On Delay 
ti 
- 
0.5 
- 
JJ.s 


10k sense 
to Isus delay 
to 
- 
60 
- 
JJ.S 


Control 
Signal 
Delay 
tt 
- 
15 
- 
JJ.S 


Input 
Turn 
Off from 
Saturated 
Mode 
Delay 
ts 
- 
1.0 
- 
JJ.s 


Input 
Turn 
Off from 
Sustain 
Mode 
Delay 
td 
- 
0.2 
- 
JJ.S 


Output 
Voltage 
Rise Time 
tv 
- 
0.4 
- 
JJ.S 


Output 
Current 
Fall Time 
2.0 A 
tf 
- 
0.3 
- 
JJ.S 


4.0 A 
- 
0.6 
- 


Vcc 


5 
RL 
tlnjector 


Load 


I 


GENERAL INFORMATION 
Inductive actuators such as automotive electronic fuel 
injectors, relays, solenoids and hammer drivers can be 
powered 
more efficiently 
by providing 
a high current 
drive until actuation 
Ipull-in) occurs and then decreas- 


ing the drive current to a level which will sustain actu- 
ation. Pull-in and especially drop-out times of the actu- 
ators are also improved. 


The fundamental 
output characteristic of the MC3484 
provides a low impedance saturated power switch until 
the load current reaches a predetermined 
high-current 
level and then changes to a current 
source of lower 
magnitude 
until the device is turned 
off. This output 
characteristic 
allows 
the inductive 
load to control 
its 
actuation time during turn-on while minimizing 
power 
and stored energy during 
the sustain period, thereby 
promoting 
a fast turn-off time. 


Automotive 
injectors 
at present come in two types. 


The large throttle 
body injectors have an impedance of 
about 
2.0 mH and 1.2 n and require the MC3484S4 
driver. The smaller 
type, popular 
world-wide, 
has an 
impedance of 4.0 mH and 2.4 n and needs about a 2.0 A 
pulse for good results. Some designs are planned which 
employ two of the smaller types in parallel. The induct- 
ance of 
an injector 
is much 
larger 
at low 
current, 


decreasing due to armature movement 
and core satu- 


ration to the values above at rated current. 


Operating 
frequencies 
range from 
5.0 Hz to 250 Hz 
depending 
on the injector 
location 
and engine type. 
Duty cycle in some designs reaches 80%. 


APPLICATIONS INFORMATION 
The MC3484 is provided 
with 
an input 
pin IPin 1) 
which turns the injector driver "on" 
and "off." 
This pin 
has a nominal trip level of 1.4V and an input impedance 
of 20 kIt 
It is internally protected against negative volt- 


ages and is compatible 
with TTL and most other logic. 


There is also a control pin (Pin 2) which may be used 
as an overvoltage, 
load dump, shutdown. When a nom- 
inal 1.5 V is applied to Pin 2, via a 20: 1 voltage divider 
the driver and circuit are set in a safe off state at 30 V 
IVbat)· 


Figure 3 shows the operating waveforms 
for the sim- 


plest mode; i.e., with control Pin 2 grounded. When the 
driver is turned on, the current 
ramps up to the peak 
current 
sense 
level, 
where 
some 
overshoot 
occurs 
because of internal delay. The MC3484 then reduces its 
output to Isus. The fall time of the device is very rapid 
(-s1.0 jLs), 
but the decay of the load current takes 150 
to 220 JLS. while dumping 
the load energy into the pro- 
tection zener clamp. It is essential that the zener voltage 


~:";",," ~ 


>1.4 V 


~v1d 


Ipk 
I 
I 


C 
4.0 ms 


be lower than the VCEOlsus), but not so low as to greatly 
stretch the load current decay time. Without the zener, 
the discharge of the load energy would 
be totally 
into 
the MC3484, which, for the high current 
applications, 


could cause the device to fail. ISee SOA, Figure 11.) 


Also in Figure 3 is the graphically 
derived instanta- 
neous power dissipation 
of the MC3484. It shows that, 


for practical purposes, the worst case dissipation 
is less 
than IIsus) (Vbat) Iduty cycle). 
Provided 
in Figures 3 and 4 are definitions 
of the 
switching 
intervals 
specified 
in the Electrical Charac- 
teristics. 
Figure 
5 shows 
that 
the critical 
switching 
parameters 
stay 
under 
control 
at 
elevated 
temperatures. 


FIGURE 4 - 
SWITCHING 
WAVEFORMS 
(Expanded 
Time Scale) 
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TYPICAL 
CHARACTERISTICS 
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TYPICAL 
CHARACTERISTICS 
(Unless otherwise noted: Test circuit of Figure 2. Vbat = 12 Vdc. Te 
250 Hz square wave input) 
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FIGURE 
12 - 
INTERNAL 
SCHEMATIC 
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PRESSURE 
TRANSDUCER 
AMPLIFIER 


This circuit 
is ideal for automotive 
and industrial 
applications 
and consists of two low power operational 
amplifiers 
with iden- 
tical characteristics 
except the outputs which 
have the following 
configurations: 


AMPLIFIER A - 
NPN Transistor 
driving 
an on-chip current 
source 


AMPLIFIER B - 
NPN Transistor 
with pull-up 
resistor 


• 
Short Circuit Protected Outputs 


• 
True Differential 
Input Stage 


• 
Single Supply Operation 
4 to 20 Volts 


• 
Low Input Bias Currents 


• 
Internally 
Compensated 


• 
Common 
Mode Range Extends to Negative Supply 


• 
Large Output Voltage Swing from Gnd to VCC 


• 
Large Current Drive Capability 


• 
Very Low Input Offset Voltage 


• 
Operating 
Ambient 
Temperature 
Range of -40°C 
to + 125°C 


SILICON 
MONOLITHIC 


INTEGRATED 
CIRCUIT 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
50-08 


8~ , 


PIN ASSIGNMENTS 


(Top View) 


Output A , 


Inputs 
A { : 


VEE/Gnd 
• 


• vCC 
, Output B 


- 
:} 
Inputs 
B 


NOTE, 
Resistor 
values 
are determined 
by the 


customer 
for his specific 
application. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power 
Supply 
Output 
VCC 
4.0 
- 
20 
V 


Short 
Circuit 
Duration 
Continuous 


Source 
Current 
lAmp. 
AI 
IL 
3.0 
5.0 
- 
mA 


Sink Current 
- 
50 
- 
mA 


High Voltage 
at IL ~ 
- 5.0 mA (Amp. 
AI 
VOHI 
- 
VCC-0.12 
- 
V 


Low Voltage 
at IL ~ 5.0 mA 
VOL 
- 
0.12 
- 
V 


Pull Up Resistor 
lAmp. 
B) 
- 
2.0 
3.0 
KOhm 


Input 
Common 
Mode 
Voltage 
Range 
1.0 
- 
VCC-l 
Offset 
Voltage 
- 
1.0 
3.0 
mV 


Temperature 
Coefficient 
of Offset 
Voltage 
- 
2.0 
- 
!"vrc 
Offset 
Current 
- 
30 
- 
nA 


Bias Current 
- 
30 
- 
nA 


Large Signal 
Open 
Loop 
Gain 
- 
100 
- 
V/mV 


Bandwidth 
Unity 
Gain 
- 
100 
- 
kHz 


Common 
Mode 
Rejection 
50 
100 
- 
dB 


Power 
Supply 
Rejection 
50 
80 
- 
dB 


Power 
Supply 
Current 
(Outputs 
High State) 
- 
2.2 
- 
mA 


1--- 
I 
I 
I 
o-ll 


In~ts 
~ 
31 


I 
I 
I~---- 


------l 
I 
I 


I 


16 


15 
I 
I 
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· .. designed 
for use in conjunction 
with 
a relay in automotive 
applications. 
It is also applicable 
for other warning 
lamps such 
as "hand brake ON," etc. 


• 
Defective Lamp Detection 


• 
Overvoltage 
Protection 


• 
Short Circuit Detection and Relay Shutdown 
to Prevent Risk 
of Fire 


• 
Reverse Battery Connection 
Protection 


• 
Integrated 
Suppression' Clamp Diode 


C2 


+v 


-VCC 
8 
Rs 
T 


I 
I 


7 
-L 
UAA 
-V 
3 
1041 
6 


4 


R2 
Rl 


R3 


R1 = 75 k 
R2 = 3.3 k 
R3 ~ 
22011 


Rs ~ 30 ml1 
C1 = 5.6!J.F 
C2 ~ 
0.047 
!J.F 


AUTOMOTIVE 
DIRECTION 
INDICATOR 


-VCC 08 
+V Bat 
2 
7 


RLY Out 
3 
6 


Osc 
4 
5 


Start 


Fault Det 
Fault Det 
On/Off 
Osc 


.~ 
1 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
626-05 


o SUFFIX 
PLASTIC 
PACKAGE 
CASE 
751-02 
SO-8 


Rating 
Pin 
Value 
Unit 


Current: 
Continuous/Pulse* 
1 
+150/+500 
mA 


-35/-500 


2 
+ / - 350/1900 


3 
+/-300/1400 


8 
+/-25/50 


Junction 
Temperature 
TJ 
150 
°C 


Operating 
Ambient 
Temperature 
Range 
TA 
-40 
to 
+ 100 
°C 


Storage 
Temperature 
Range 
Tsto 
-65to 
+150 
°C 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Banery 
Voltage 
Range 
(normal 
operation) 
VB 
8.0 
- 
18 
V 


Overvoltage 
Detector 
Threshold 
(VPin2 - VPin1) 
Dth(OVI 
19 
20.2 
21.5 
V 


Clamping 
Voltage 
(VPin2 - VPin1) 
VIK 
29 
31.5 
34 
V 


Short 
Circuit 
Detector 
Threshold 
(VPin2 - VPin7) 
Dth(SC) 
0.63 
0.7 
0.77 
V 


Output 
Voltage 
(Irelav 
~ 
- 250 mAl 
(VPin2 - VPin31 
Va 
- 
- 
1.5 
V 


Starter 
Resistance 
Rst ~ 
R2 + 
RLamo 
Rst 
- 
- 
3.6 
knt 


Oscillator 
Constant 
(normal 
operation) 
Kn 
1.4 
1.5 
1.6 
- 


Temperature 
Coefficient 
of Kn 
kn 
- 
-1.5x10-3 
- 
1fC 


Duty 
Cycle 
(normal 
operation) 
- 
45 
50 
55 
% 


Oscillator 
Constant 
- 
(1 lamp 
defect 
of 21 W) 
KF 
0.63 
0.68 
0.73 
- 


Duty Cycle 
(1 lamp 
defect 
of 21 W) 
- 
35 
40 
45 
% 


Oscillator 
Constant 
K1 
0.167 
0.18 
0.193 
- 
K2 
0.25 
0.27 
0.29 
K3 
0.126 
0.13 
0.14 


Current 
Consumption 
(relay 
off) 
ICC 
mA 
Pin 1; at VPin2 - VPin1 
~ 8.0 V 
- 
-0.9 
- 


~ 
13.5 V 
-2.5 
-1.6 
-1.0 


= 18 V 
- 
-2.2 
- 


Current 
Consumption 
(relay 
on) 
- 
mA 
Pin 1; at VPin2 - VPin1 
~ 8.0 V 
- 
-3.8 
- 


~ 
13.5 V 
- 
-5.6 
- 


= 18 V 
- 
-6.9 
- 


Defect 
Lamp 
Detector 
Threshold 
at VPin2 to 
- 
VB = 8.0 V 
VPin2-VPin7 
- 
67 
- 
mV 


and R3 = 220 n 
= 13.5 V 
VPin2 - VPin7 
79 
85.3 
91 


~ 
18 V 
VPin2 - VPin7 
- 
100 
- 


flasher relay. Figure 2 shows the typical system config- 
uration 
with the external 
components. 
It consists of a 
network (R1, C1) to determine 
the oscillator 
frequency, 
shunt resistor (Rs) to detect defective 
bulbs and short 
circuits in the system, and two current limiting 
resistors 
(R2/R3) to protect the IC against load dump transients. 
The circuit 
can be used either with 
or without 
short- 


circuit detection. 


The Iightbulbs 
L2, L3, L4, L5 are the turn signal indi- 


cators with the dashboard-light 
L6. When switch Sl is 
closed, after a time delay of t1 (in our example t1 = 75 
ms), the relay will be actuated. The corresponding 
light- 
bulbs L2, L3 (or L4, L5) will flash at the oscillator 
fre- 
quency, independent 
of the battery voltage 
of 8.0 V to 
18 V. The flashing 
cycle stops and the circuit is reset to 
the initial position 
when the switch Sl is open. 


The circuit features overvoltage, 
defective 
lamp and 
short circuit detection. 


Overvoltage 
detection: 


Senses the battery voltage. When this voltage exceeds 
20.2 V (this is the case when two batteries are connected 
in series), the relay will 
be turned 
off to protect 
the 
lightbulbs. 


lightbulb 
defect detector: 
Senses the current through the shunt resistor Rs. When 
one of the lightbulbs 
is defective, the failure is indicated 
by doubling 
the flashing 
frequency. 


Short circuit detector: 
Detects excessive current 
(Ish> 
25 A) flowing 
in the 
shunt resistor Rs. The detection takes place after a time 
delay of t3 (t3 = 55 ms). In this case, the relay will be 
turned off. The circuit is reset by switching 
Sl to the off 
position. 


Operation 
with 
short circuit detection: 
Pin 6 has to be left open and a capacitor 
C2 has to be 
connected 
between Pin 1 and Pin 2. 


Operation 
without 
short circuit detection: 


Pin 6 has to be connected 
to Pin 2 and the use of ca- 


pacitor C2 is not necessary. 


The circuit can also be used for other warning flashers. 
In our example, 
handbrake engaged is signaled by the 
light L1. 


APPLICATION INFORMATION 


1. The flashing 
cycle is started by closing Sl. 
The switch position 
is sensed across resistor R2 and 
RLamp by input 8. 


Rst = R2 + RLamp· 


The condition 
for the start is: Rst <3.6 kil 
For correct operation 
leakage resistance from 
Pin 8 
to ground 
must be greater than 5.6 kil. 


3. fF: Flashing frequency 
in the case of one defective 
lightbulb 
of 21 W 


1 
fF = 
R1C1KF Kn = 
2,2KF 


4. t1: delay at the moment 
when Sl is closed and first 
flash t1 = K1R1C 


5. t2: defective 
lightbulb 
detection 
delay t2 = K2R1C1 


6. t3: short circuit detection 
delay t3 = K1R1C1 


In the case of short circuit: 


- 
it is assumed that the voltage VPin2-VPin1 
•• 8.0 
V. 


- 
The relay will be turned off after· delay t3. 


- 
The circuit 
is reset by switching 
Sl 
to the off 
position. 


7. The capacitor 
C2 is not obligatory 
when the short 
circuit detector is not used. In this case Pin 6 has to 
be connected to Pin 2. 


8. When overvoltage 
is sensed (VPin2 - VPin1) the relay 
is turned 
off to protect the relay and the lightbulbs 
against excessive currents. 


C2 
JU-1 


-VCC 
8 
T 
I 
I 
J- 


UAA 
-v 
1041 
6 


Cl 
+ 


4 


R2 
Rl 


R3 


R1 = 75 kfi 
R2 = 3.3 kfi 
R3 = 220 fi 
Rs = 30 mfi 


Wire 
Resistor 
Cl ~ 5.6p.F 
C2 = 0.047p.F 


FIGURE 
2 


PARTS 
LIST 


Relay - 
Coil Resistance 
Range60 to 800fi 


Note: 
Per text connect 
jumper JU-1 to bypass 
short 
circuit 
detector. 
C2 may be deleted also. 
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A variety 
of other analog 
circuits 
are provided 
for 
special 
applications 
with 
both 
bipolar 
and 
CMOS 
technologies. 
These circuits 
range from the industry- 
standard 
analog timing 
circuits 
and multipliers. 


Selector 
Guide 
Timing Circuits 
11-2 
Multipliers. 
. . . . . . . . . . . . . . . . . . . . .. 
11-2 


Alphanumeric 
Listing 
11-3 


Related Application 
Notes 
11-3 


Data Sheets 
11-4 


Other Linear Circuits III 


III 


Other Linear Circuits 


These highly stable timers are capable of producing 
accurate time 
delays or oscillation. 
In the time delay 
mode of operation, 
the time is precisely controlled 
by 
one external 
resistor and capacitor. For astable opera- 
tion as an oscillator, the free running frequency and the 
duty cycle are both accurately controlled with two exter- 


Singles 


MC1455G,P1,U TA = 0° to + 70°C, Case 601,626. 693 
MC1455BP1 TA = 
-40° 
to + 85°C. Case 626 


Multipliers 


Linear Four-Quadrant Multipliers 


Multipliers 
are designed 
for use where the output 
voltage is a linear product of two input voltages. Typical 
applications 
include: 
multiply, 
divide, 
square, 
root- 
mean-square, 
phase detector, frequency 
doubler, 
bal· 
anced modulator/demodulator, 
electronic gain control. 


MC1594L TA = -55° 
to + 125°C. Case 620 
MC1494L TA = 0° to + 70°C. Case 620 


The MC1594/MC1494 is a Variable Transconductance 
Multiplier 
with internal level-shift 
circuitry 
and voltage 
regulator. 
Scale factor, input offsets and output 
offset 
are completely 
adjustable with the use of four external 
potentiometers. 
Two 
complementary 
regulated 
volt- 
ages are provided to simplify 
offset adjustment and im- 


prove power-supply 
rejection. 


nal resistors 
and one capacitor. 
The output 
structure 
can source or sink up to 200 mA or drive TTL circuits. 
Timing intervals from microseconds 
through 
hours can 
be obtained. The typical timing 
error for the MC1455 is 
1.0%. 


Duals 


MC3556L TA = - 55° to + 125°C. Case 632 
MC3456L,P TA = 0° to + 70°C. Case 632, 646 


MC1595L TA = 
- 55° to + 125°C, Case 632 
MC1495L TA = 0° to + 70°C, Case 632 


... 
designed for uses where the output is a linear product 
of two input voltages. Maximum 
versatility 
is assured by 
allowing the user to select the level shift method. Typical 
applications 
include: 
multiply, 
divide', 
square 
root,' 
mean square', 
phase detector, 
frequency 
doubler, 
bal- 
anced modulator/demodulator, 
electronic 
gain control. 


Device 


MC1455 
MC3456 
MC3556 


Device 


MC1494L 
MC1495L 
MC1496 
MC1594L 
MC1595L 
MC1596 


Application 
Note 


AN489 
AN531 


Function 


Timing 
Circuit 
. 


Dual Timing 
Circuit 
. 


Dual Timing 
Circuit 
. 


Page 


11-4 
11-40 
11-40 


Function 
Page 


Four-Quadrant 
Multiplier 
11-11 
Four-Quadrant 
Multiplier 
11-25 
Balanced 
Modulator-Demodulator 
See Chapter 
8 
Four-Quadrant 
Multiplier 
11-11 
Four-Quadrant 
Multiplier 
11-25 
Balanced 
Modulator-Demodulator 
See Chapter 
8 


Title 


Analysis 
and Basic Operation 
of the MC1595 
. 


MC1596 Balanced 
Modulator 
. 


Related 
Device 


MC1595L 
MC1596 


III 
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Specifications 
and Applications 
Information 


The MC1455 monolithic 
timing 
circuit 
is a highly 
stable 
con- 


troller 
capable 
of producing 
accurate time delays, or oscillation. 


Additional 
terminals 
are provided 
for triggering 
or resetting 
if 
desired. In the time delay mode of operation, 
the time is precisely 


controlled 
by one external resistor and capacitor. For astable oper- 


ation 
as an oscillator, 
the free running 
frequency 
and the duty 


cycle are both accurately 
controlled 
with 
two 
external 
resistors 
and one capacitor. The circuit may be triggered 
and reset on falling 
waveforms, 
and the output 
structure 
can source or sink up to 200 
mA or drive MTTL circuits. 


• 
Direct Replacement 
for NE555 Timers 


• 
Timing 
From Microseconds 
Through 
Hours 


• 
Operates 
in Both Astable 
and Monostable 
Modes 


• 
Adjustable 
Duty Cycle 


• 
High Current Output 
Can Source or Sink 200 mA 


• 
Output 
Can Drive MTTL 


• 
Temperature 
Stability 
of 0.005% per ·C 


• 
Normally 
"On" 
or Normally 
"Off" 
Output 


t = 1.1; R.C = 225 
Time 
delay 
(t) is variable 
by 
changing 
Rand 
C. (See 
Figure 
16). 


Threshold 


Control 
5 
Voltage 


SILICON MONOLITHIC 
INTEGRATED' CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE60t-04 


1. Ground 
2. Trigger 
3. Output 
4. Reset 


5. Control Voltage 
6. Threshold 
7. Discharge 
8. VCC 


P1 SUFFIX 
PLASTICPACKAGE 
CASE626-05 


--. 


USUFFIX 
8am 
CERAMICPACKAGE II 
Il" 
CASE693-02 


1 


o SUFFIX 
PLASTICPACKAGE 
CASE751-02 


SO-8 


Temperature 


Device 
Alternat. 
Rang. 
Package 


MC1455G 
- 
ere to +70°C 
Metal 
Can 
MC1455Pl 
NE555V 
O"Cto + 70"C 
Plastic 
DIP 
MC1455D 
- 
O"Cto + 70°C 
50-8 


MC1455U 
- 
crc to 
+70°C 
Ceramic 
DIP 
MC1455BPl 
- 
- 40"C to + 85°C 
Plastic 
DIP 


Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
VCC 
+18 
Vdc 


Discharge 
Current 
(Pin 7) 
17 
200 
mA 


Power 
Dissipation 
(Package 
Po 
Limitation) 
Metal 
Can 
680 
mW 
Derate 
above 
TA 
~ 
+ 25°C 
4.6 
mWrc 
Plastic 
Dual 
In-Line 
Package 
625 
mW 
Derate 
above 
TA 
~ 
+ 25°C 
5.0 
mwrc 


Operating 
Temperature 
TA 
°c 
Range 
(Ambient) 
MC1455B 
-40 
to 
+85 


MC1455 
o to 
+ 70 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
°c 


+ 
Control 


0.01 ",FJ 
Voltage 


Test 
CirCUlI 
lor 
Measuring 
de 
Parameters: 
lto 
sel 
output 
and 
measure 
parameters) 


a) When 
Vs 
•• 2 3 VCC. 
Vo 
is low 
b) When 
Vs ,;; 13 
VCC_ Vo 
is high 
. 
C) When Vo is low, pin 7 sinks current. 
To test for Reset. set YO, high, 


apply 
Reset 
voltage, 
and 
lest 
for 
current 
flowing 
inlo 
pin 
7. 


When 
Reset is not 
In use, it should 
be tied to VCC 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Operating 
Supply 
Voltage 
Range 
VCC 
4.5 
- 
16 
V 


-Supply 
Current 
ICC 
mA 


VCC 
~ 
5.0 V, Rl = '" 
- 
3.0 
6.0 


VCC 
~ 
15V,Rl 
~ 
'" 
- 
10 
15 
low 
State, 
(Note 
1) 


Timing 
Error 
(Note 
2) 
R = 1.0 kO to 100 kO 
Initial 
Accuracy 
C = 0.1 !LF 
- 
1.0 
- 
% 


Drift with 
Temperature 
- 
50 
- 
PPMrC 
Drift 
with 
Supply 
Voltage 
- 
0.1 
- 
%Nolt 


Threshold 
Voltage 
Vth 
- 
2/3 
- 
xVCC 


Trigger 
Voltage 
VT 
V 
VCC = 15V 
- 
5.0 
- 


VCC 
~ 
5.0 V 
- 
1.67 
- 


Trigger 
Current 
IT 
- 
0.5 
- 
!LA 


Reset 
Voltage 
VR 
0.4 
0.7 
1.0 
V 


Reset 
Current 
IR 
- 
0.1 
- 
mA 


Threshold 
Current 
(Note 
3) 
Ith 
- 
0.1 
0.25 
!LA 


Discharge 
Leakage 
Current 
(Pin 7) 
Idis 
- 
- 
100 
nA 


Control 
Voltage 
level 
VCl 
V 


VCC 
~ 
15V 
9.0 
10 
11 
VCC = 5.0 V 
2.6 
3.33 
4.0 


Output 
Voltage 
low 
VOL 
V 


(VCC = 
15 V) 


Isink = 
10 mA 
- 
0.1 
0.25 


Isink 
~ 
50 mA 
- 
0.4 
0.75 
Isink = 100 mA 
- 
2.0 
2.5 
Isink = 200 mA 
- 
2.5 
- 
(VCC 
~ 
5.0 VI 


Isink = 8.0 mA 
- 
- 
- 


Isink 
~ 
5.0 mA 
- 
0.25 
0.35 


Output 
Voltage 
High 
VOH 
V 


(lsou rce 
~ 
200 mAl 
VCC = 
15V 
- 
12.5 
- 
(lsou rce 
~ 
100 mAl 


VCC = 15V 
12.75 
13.3 
- 
VCC 
~ 
5.0 V 
2.75 
3.3 
- 


Rise Time 
of Output 
. 
tOlH 
- 
100 
- 
ns 


Fall Time 
of Output 
tOHl 
- 
100 
- 
ns 


NOTES: 


1. Supply current when output is high is typically 
1.0 mA less. 


7.. Te.ted 
at Vee = 5.0 V and Vee = 15 V. 
Monostable mode 
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FIGURE 
8 - 
LOW OUTPUT 
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FIGURE 
12 - 
PROPAGATION 
DELAY 
versus 
TRIGGER 
VOLTAGE 
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The MC1455 is a monolithic 
timing 
circuit which 
uses as its 
timing 
elements 
an external 
resistor 
- 
capacitor 
network. 
It 
can be used in both the monostable 
(one-shot) 
and astable 
modes with frequency 
and duty cycle controlled 
by the capac- 
itor and resistor 
values. While 
the timing 
is dependent 
upon 
the external 
passive components, 
the monolithic 
circuit 
pro- 


vides the starting 
circuit, 
voltage 
comparison 
and other func- 
tions needed for a complete 
timing 
circuit. 
Internal to the inte· 
grated 
circuit 
are two 
comparators, 
one for the input 
signal 
and the other for capacitor 
voltage; 
also a flip-flop 
and digital 
output 
are included. 
The comparator 
reference 
voltages 
are 
always a fixed ratio of the supply voltage thus providing 
output 
timing 
independent 
of supply 
voltage. 


A reset pin is provided 
to discharge 
the capacitor 
thus inter- 
rupting 
the timing 
cycle. As long as the reset pins is low, the 
capacitor 
discharge 
transistor 
is turned 
"on" 
and prevents the 
capacitor 
from charging. 
While the reset voltage 
is applied the 
digital 
output 
will 
remain 
the same. The reset pin should 
be 
tied to the supply 
voltage 
when 
not in use. 


Monostable 
Mode 
In the monostable 
mode, 
a capacitor 
and a single 
resistor 
are used for the timing 
network. 
Both the threshold 
terminal 
and the discharge 
transistor 
terminal 
are connected 
together 


in this mode, refer to circuit 
Figure 14. When the input voltage 
to the trigger 
comparator 
falls below 
1 3 VCC the comparator 
output 
triggers 
the flip-flop 
so that 
it's output 
sets low. This 
turns 
the capacitor 
discharge 
transistor 
"off" 
and drives 
the 
digital output to the high state. This condition 
allows the capac- 
itor to charge 
at an exponential 
rate which 
is set by the RC 
time constant. 
When the capacitor voltage 
reaches 2/3 VCC the 
threshold 
comparator 
resets 
the 
flip-flop. 
This 
action 
dis- 
charges the timing 
capacitor 
and returns the digital 
output 
to 
the low state. Once the flip-flop 
has been triggered 
by an input 
signal, it cannot be retriggered 
until the present timing 
period 
has been completed. 
The time that the output 
is high is given 
by the equation 
t = 1.1 RA C. Various combinations 
of Rand 
C and their associated times are shown in Figure 16. The trigger 
pulse width 
must be less than the timing 
period. 


Control 
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In the astable mode the timer 
is connected so that 
it will 
retrigger itself and causethe capacitor voltage to oscillate between 
1/3 VCC and 
2/3 
VCC' 
See Figure 
17. 


The external capacitor charges to 2/3 VCC through 
RA and RS 
and discharges to 1/3 VCC through RS. 
By varying the ratio of 
these 
resistors 
the 
duty 
cycle 
can 
be 
varied. 
The 
charge 
and 
discharge times are independent of the supply voltage. 


The charge time (output 
high) is given by: t1 = 0.695 (RA +RBl C 


The discharge time (output low) by: t2 = 0.695 (RS) C 


Thusthe 
total 
period is given by; T = 11 + 12 = 0.695 (RA+2AB) 
C 


The frequency of oscillation is then: f =.!. = 
1.44 
T 
IRA+2RSI 
C 


and may be easily found as shown in Figure 19. 


RS 
The duty cycle is given by: DC = --- 


RA+2RS 
To obtain 
the maximum 
duty 
cycle AA 
must be as small as 


p:>ssible;but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mAl. 


The minimum value of RA is given by: 
VCC IVdc) 
VCC IVdcl 
RA;;>17IAJ 
;;>-0-.-2-- 
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FIGURE 
19 - 
FREE-RUNNING 
FREQUENCY 
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f, 
FREE-RUNNING 
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Linear 
Voltage 
Ramp 


In the monostable mode, the resistor can be replaced by a con- 


stant current source to provide a linear ramp voltage. The capaci- 
tor still chargesfrom 0 to 2/3 VCC. The linear ramp time is given 


by 
t = .? 
VCC 
3 
I 


VCC - VB - VBE 
where I = 
RE 
If VB is much larger than VBE, 


then t can be made independent of VCC. 


FIGURE 
21 - 
LINEAR 
VOLTAGE 
RAMP 
WAVEFORMS 


(RE = 10 kG,R2 
= 100 kG,R1 
= 39 kG,C 
= 0.01 pF, VCC = 15 V) 


Missing Pulse Detector 


The timer can be used to produce an output 
when an input 
pulse fails to occur within 
the delay of the timer. 
To accomplish 
this, set the time delay to be slightly longer than the time between 
successiveinput pulses. The timing cycle is then continuously reset 
by the input pulse train until a change in frequency or a missing 
pulse allows completion 
of the timing cycle, causing a change in 


the output level. 


FIGURE 
23 - 
MISSING 
PULSE 
DETECTOR 
WAVEFORMS 


(RA = 2.0 kG, 
RL = 1.0 kG, 
C = 0.1 pF, VCC = 15 V) 
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Pulse Width Modulation 


If the timer is triggered with 
a continuous pulse train in the 


monostable mode of operation, the charge time of the capacitor 
can be varied by changing the control voltage at pin 5. 
In this 


manner. the output pulse width can be modulated by applying 
a modulating 
signal that controls 
the threshold 
voltage. 


FIGURE 
25 - 
PULSE 
WIDTH 
MODULATION 
WAVEFORMS 
IRA = 10 kO. C = 0.02 p.F. VCC = 15 VI 


Test Sequences 


Several 
timers 
can be connected 
to drive each other 
for sequen- 


tial timing. 
An example is shown in Figure 26 where the sequence 


is started 
by triggering 
the first 
timer 
which 
runs for 
10 ms. 
The 


output 
then 
switches 
low momentarily 
and starts the second 
timer 
which runs for 50 ms and so forth. 
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MC1594L 


Specifications 
and Applications 
Information 


desig~ed for use where the output voltage is a linear product of 
two input voltages. 
Typical applications include: 
multiply, 
divide, 
SQuareroot, meanSQuare,phasedetector, frequency doubler, balanced 
modulator/demodulator, 
electronic gain control. 


The MC1594/1494 
is a variable transconductance multiplier 
with 
internal level·shift circuitry 
and voltage regulator. Scale factor, input 
offsets and output offset arecompletely adjustable with the useof four 


external 
potentiometers. 
Two 
complementary 
regulated 
voltages 
are 


provided 
to simplify 
offset adjustment and improve power-supply 


rejection. 


LINEAR 
FOUR·QUADRANT 
MULTIPLIER 
INTEGRATED 
CIRCUIT 


• 
Operates With f. 15 V Supplies 


• 
Excellent Linearity 
- 
Maximum 
Error (X or V): 
f. 0_5%(MC1594) 
f. 1.0% (MC1494) 


• 
Wide Input Voltage Range - f. 10 volts 


• 
Adjustable Scale Factor, K 10.1 nominal) 


• 
Single-Ended Output 
Referenced to Ground 
• 
Simplified 
Offset Adjust Circuitry 


• 
Frequency Response (3 dB Small-Signal) - 
1.0 MHz 


• 
Power Supply Sensitivity - 30 mV /V typical 
,- 
L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620-10 
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Rating 
Symbol 
Value 
Unit 


Power 
Supply 
Voltage 
V+ 
+18 
Vdc 
V- 
-18 


Differential 
Input 
Signal 
V9-V6 
±16+11Ryl<30 
Vdc 


V lO-V 13 
±16+11RXI<30 


Common-Mode 
Input 
Voltage 
Vdc 


VCMY 
~ V9 
~ 
V6 
VCMY 
±11.5 


VCMX 
= VlO 
= V13 
VCMX 
±11.5 


Power 
Dissipation 
(Package 
Limitation) 


TA = 
+25'C 
PD 
750 
mW 


Derate 
above 
T A = + 25°C 
1I8JA 
5.0 
mWI"C 


Operating 
Temperature 
Range 
MC1594 
TA 
-55 
to 
+ 125 
'c 


MC1494 
o to 
+ 70 


Storage 
Temperature 
Range 
Tsto 
-65 
to 
+ 150 
'c 


ELECTRICAL 
CHARACTERISTICS 
(V+ 
~ 
+ 15 V, V- 
= 
-15 
V, TA 
~ 
+ 25'C, 
Rl 


RL = 47 kfl, 
unless 
otherwise 
noted) 


MC1594 
MC1494 


Characteristic 
Fig. 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Linearity 
1 
ERX or ERY 
% 


Output 
error 
in Percent 
of full 
scale 


-10V<VX< 
+10VIVy 
~ 
±10V) 


-10V<Vy< 
+10VIVx 
~ 
+10V) 


TA 
~ 
+25'C 
- 
±O.3 
±0.5 
- 
±0.5 
±1.0 


TA = Thigh 
(j) 
- 
- 
±0.8 
- 
- 
±1.3 


TA 
~ Tlow® 
- 
- 
±0.8 
- 
- 
±1.3 


Input 
2,3,4 


Voltage 
Range 
IVx 
~ 
Vy 
~ 
Vin) 
Vin 
±10 
- 
- 
±10 
- 
- 
Vpk 
Resistance 
IX or Y Input) 
Rin 
- 
300 
- 
- 
300 
- 
Mfl 
Offset 
Voltage 
IX Input) 
INote 
11 
IVioxl 
- 
0.1 
1.6 
- 
0.2 
2.5 
V 


IY InputllNote 
1I 
IVioyl 
- 
0.4 
1.6 
- 
0.8 
2.5 
Bias Current 
IX or Y Input) 
Ib 
- 
0.5 
1.5 
- 
1.0 
2.5 
;LA 
Offset 
Current 
IX or Y Input) 
IlieI 
- 
28 
150 
- 
50 
400 
nA 


Output 
3,4 


Voltage 
Swing 
Capability 
Va 
±10 
- 
- 
±10 
- 
- 
Vpk 
Impedance 
Ro 
- 
850 
- 
- 
850 
- 
kfl 
Offset 
Voltage 
iNote 
1) 
IVool 
- 
0.8 
1.6 
- 
1.2 
2.5 
V 
Offset 
Current 
INote 
1) 
11001 
- 
17 
34 
- 
25 
52 
;LA 


Temperature 
Stability 
IDriftl 


T A = Thigh 
to Tlow 
ITCVool 
Output 
Offset 
iX 
= 0, Y = 01 Voltage 
- 
1.3 
- 
- 
1.3 
- 
mVI"C 


Current 
ITClool 
- 
27 
- 
- 
27 
- 
nArC 
X Input 
Offset 
(Y ~ 
0) 
ITCVioxl 
- 
0.3 
- 
- 
0.3 
- 
mVI"C 
Y Input 
Offset 
IX 
~ 0) 
ITCVioyl 
- 
1.5 
- 
- 
1.5 
- 


Scale 
Factor 
ITCKI 
- 
0.07 
- 
- 
0.07 
- 
%rC 
Total 
de Accuracy 
Drift 
IX = 
10, Y ~ 
101 
ITCEI 
- 
0.09 
- 
- 
0.09 
- 


Dynamic 
Response 
5 


Small 
Signal 
13.0 dB) 
X 
BW3 dB IX) 
- 
0.8 
- 
- 
0.8 
- 
MHz 


Y 
BW3 dB IY) 
- 
1.0 
- 
- 
1.0 
- 
Power 
Bandwidth 
(47 k) 
PBW 
- 
440 
- 
- 
440 
- 
kHz 
3' Relative 
Phase 
Shift 
I</> 
- 
240 
- 
- 
240 
- 
1% Absolute 
Error 
18 
- 
30 
- 
- 
30 
- 


Common 
Mode 
6 


Input 
Swing 
(X or Y) 
CMV 
±10.5 
- 
- 
±10.5 
- 
- 
Vpk 
Gain 
(X or YI 
ACM 
- 
-65 
- 
- 
-65 
- 
dB 


Power 
Supply 
7 


Current 
Id+ 
- 
6.0 
9.0 
- 
6.0 
12 
mAde 


Id- 
- 
6.5 
9.0 
- 
6.5 
12 


Quiescent 
Power 
Dissipation 
Pd 
- 
185 
260 
- 
185 
350 
mW 


Sensitivity 
5+ 
- 
13 
50 
- 
13 
100 
mVN 
5- 
- 
30 
100 
- 
30 
200 


Regulated 
Offset 
Adjust 
Voltages 
7 


Positive 
VR+ 
+3.5 
+4.3 
+5.0 
+3.5 
+4.3 
+5.0 
Vdc 


Negative 
VR- 
-3.5 
-4.3 
-5.0 
-3.5 
-4.3 
-5.0 


Temperature 
Coefficient 
IVR + 
or VR-I 
TCVR 
- 
0.03 
- 
- 
0.03 
- 
mVI"C 


Power 
Supply 
Sensitivity 
(VR + 
or VR-I 
SR+,SR- 
- 
0.6 
- 
- 
0.6 
- 
mVN 


R," X' r:~;2) 
Mt90hm 


R," Y,r:~:21 Mt90hm 
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1.1 
Introduction 


The MC1594 is a monolithic. 
four-Quadrant multiplier 
that 
operates on the principle of variable transconductance. 
It 
features a single-ended current output referenced to ground 
and provides two complementary 
regulated voltages for use 


with the offset adjust circuits to virtually eliminate sensitivity 
of the offset voltage nulls to changesin supply voltage. 


As shown in Figure 15. the MC1594 consists of a multiplier 
proper and associated peripheral circuitry 
to provide these 
features. 


v+ 
2 
.•.4.JV 


+VA 
3 


+VR. 
+4.JV 
, 


3 


FIGURE 15 


(Recommended External CIrcuitry 
IS Depicted With Dotted lines) 


~_ .. _----------------------------~ 


I 
BLOCK DIAGRAM 
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III 


1.2 
Regulator (Figure 15) 


The regulator biases the entire MC1594 circuit 
making it 


essentially independent of supply variation. 
It also provides 


two convenient regulated supply voltages which can be used 
in the offset adjust circuitry. 
The regulated output voltage 
at pin 2 is approximately +4.3 V while the regulated voltage 
at pin 4 is approximately -4.3 \'. Foroptimum 
temperature 


stability 
of these regulated voltages. it is recommended that 


1121= 1141= 10 mA lequ;valent load of 8.6 kill. 
As wdl be 


shown later, there will normally be two 20 k·ohm potenti- 
ometers and one 50 k·ohm potentiometer connected between 
pins 2 and 4. 
The regulator alsoestablishesaconstant current referencethat 
controls art of the constant current sources in the MC1594. 
Note that all current sourcesare related to current 11which 
is determined by A1 
For best temperature performance. 
Rl should be 16 kH so that 11-:::::0.5 mA for atl applications 


1.3 
Multiplier 
(Figure 151 


The multiplier 
section of the MC1594 (center section of 


Figure 15l is nearly identical to the MC1595 and is discussed 
in detail in Application 
Note AN-489, "Analysis and Basic 
Operation of the MC1595" 
The result of this analysis is 
that the differential output current of the multiplier is given 
by: 


Therefore, the output is proportional 
to the product of the 
two input voltages. 


1.4 
Differential Current Converter (Figure 15) 


This portion of the circuitry converts the differential output 
current 
!lA-lal 
of the multiplier 
to a single-ended output 
current (lo): 


2Vx 
Vy 


10 = RXRyl1 


The output 
current can be easily converted to an output 
voltage by placing a load resistor RL from the output (pin 
14) to ground 
(Figure 17l or by using an op-ampi. as a 
current-to-voltage converter (Figure 16). The result in both 
circuits is that the output voltage is given by: 


2RL Vx Vy 
V 
= ---- 
= KVXVy 
o 
RXRyl, 


2RL 


where K (scalefactor) 
= Ff)(RYIl 


Selection of External Components 


For low frequency operation 
the circuit 
of Figure 16 is 


recommended. 
For this circuit, RX = 30 kH, Ry 
= 62 kH. 
R1 = 16 kH and hence 11~0.5 
mA. Therefore, to set the 
scale factor, K, equal to 1110, the value of RL can be cal- 
culated to be' 


, 
2RL 
K=~-=--- 


10 
RXRy11 


RXRy11 
130 kl 162 k) 10.5 mAl 


RL = I2Ii1OI 
= 
20 


v, 


10"1 


'10 


Vy 
II 
""I 


SlO 


Rl 
~ 


50 k 
22 k 


0"'1 


+15 V 
·15 V 


Vo"-VXVy 
-'0-- 


·10 V.; 
Vx ';+10 
V 
-10'11'; 
Vy ';+10 
V 


that the scale factor 
be exact, AL can be comprised of a 
fixed 
resistor and a potentiometer 
as shown in Figure 16. 


It should be pointed out that there is nothing magic about 
setting the scale factor to 1/10. This is merely a convenient 
factor to use if the Vx and Vy input voltages are expected 
to be large, say ± 10 V. Obviously with V X =- Vy 
=- 10 Vand 
a scale factor of unity, the device could not hope to provide 
a 100 V output, so the scalefactor isset to 1/10 and provides 
an output scaled down by a factor of ten. For many applica- 
tions it may be desirable to set K = 1/2 or K = 1 or even 
K 
= 100. 
This can be accomplished by adjusting AX. Ay 


at"ld AL appropriately. 
The selection of 
RL is arbitrary 
and can be chosen after 
resistors RX and Ry are found. 
Note in Figure 16 that Ay 
is 62 kn 
while RX is 30 kfl. 
The reason for this is that the 


"y" 
side of 
the multiplier 
exhibits 
a second order non- 


linearity whereas the "X" side exhibits a simple non-linearity. 
By making the Ay 
resistor approximately 
twice the value 
of the AX resistor, the linearity 
on both the "X" 
and "Y" 


sides are made equal. 
The selection of the RX and Ry 
resistor values is dependent upon the expected amplitude of 
Vx 
and 
Vy 
inputs. 
To maintain 
a specified 
lineaflty, 


resistors AX and AV should be selected according to the 
following 
equations: 


RX~ 3 Vx (max) in k51when Vx is in volts 


RV ~ 6 Vy 
(max) in kH when Vy is in volts 


For example, 
if 
the maximum 
input 
on the "X" 
side is 
±.1 volt, resistor RX can be selected to be 3 kH. 
If the max- 


imum input 
on the "Y" 
side is also ± 1 volt, then resistor 
Ay can be selected to be 6 kH (6.2 kn nominal valuel. 
If a 
scale factor of K = 10 is deSIred, the load resistor is found to 
be 47 kfl. 
In this example, the multiplIer 
provides a gain 


of 20 dB. 


2.2 
Operational Amplifier 
Selection 


The operational amplifier connection in Figure 16 ISa simple 
but extremely 
accurate current-to'voltage 
converter. 
The 
output current of the multiplier 
flows through the feedback 


reSIstor AL to provide a low impedance output voltage from 
the op-amp!. 
Since the offset current and bias currents of 
the op-amp!. will causeerrors in the output voltage. particu- 
larly with temperature. one with very low bias and offset cur- 
rents is recommended. 
The MC1556/MC1456 
or MC1741/ 


MC1741C are excellent choices for this application. 


Since the MC1594 
is capable of operation at much higher 
frequencies than the op·ampl.. the frequency characteristICS 
of the circuit 
in Figure 16 will be primarily 
dependent upon 
the op-ampl. 


2.3 
Stability 


The current-to'voltage 
converter mode is a most demanding 
application 
for an operational amplifier 
Loop gain is at ItS 


maximum 
and the feedback resistor in conjunctlon 
With 


stray or input capacitance at the multiplier 
output addsaddi- 


tional 
phase shift. 
It may therefore 
be necessary to add 
(particularly 
in the caseof internally compensated op·ampls.) 


a small feedback capacitor to reduce loop gain at the higher 
frequencies. 
A value of 10 pF in parallel with RL should be 


adequate to insure stability over production and temperat\.lre 
variations, etc. 
An externally 
compensated op-amp!. might 
be employed 
using slightly heavier compensation than that recommended 
for unity-gain operation. 


2.4 
Offset Adjustment 


The non-inverting input of the op·ampl. provides aconvenient 
point to adjust the output offset voltage. By connecting this 
point to the wiper arm of a potentiometer 
(P31. the output 


offset voltage can be adjusted to zero (seeoffset and scale 
factor adjustment procedurel. 


The input offset adjustment potentiometers. 
Pl and P2 will 
be necessary for most applications where it is desirable to 
take advantage of the multiplier's 
excellent linearity 
char· 


acteristics. Depending upon the particular application. 
some 
of the potentiometers 
can be omitted 
(see Figures 17. 19, 


22. 24 and 251. 


2.5 
Offset and Scale Factor Adjustment Procedure 


The adjustment procedure for the circuit of Figure 16 is: 


A. X Input Offset 


(al connect oscillator (1 kHz, 5 Vpp sinewave) to the "Y" 


input (pin 91 


(b) connect "X" 
Input (pin 101 to ground 


(cl adjust X·offset 
potentiometer, 
P2 for an ac nutl at 
the output 


B. V Input Offset 
(a) connect oscillator (1 kHz. 5 Vpp sinewaveJto the "X" 
input (pin 1OJ 


(b) connect "Y" 
input (pin 9) to ground 


(cl adjust V-offset 
potentIometer. 
Pl 
for an ac null at 


the output 


C. Output Offset 


(al connect both "X" 
and "Y" 
mputs to ground 


(bl adjust output 
offset potentiometer. P3. until the out- 


put voltage VO, ISzero volts dc 


O. Scale Factor 


(a) apply +10 Vdc to both the "X" 
and "Y" 
inputs 


(bl adjust P4 to achieve -10_00 V at the output 


(cl apply -10 Vdc to both ··X·· and "V" 
Inputs and check 


for Vo "" -10.00 V 


E. Repeat steps A through 0 as necessary. 


The ability 
to accurately adjust the 
MC1594 is dependent 


on the offset adjust potentiometers. 
PotentIometers should 


be of the "infinIte" 
resolution type rather than wlrewound 


FlOe adjustments 
in balanced-modulator 
applications 
may 


require two potentIometers 
to prOVIde "coarse" and "fine" 


adjustment. 
Potentiometers 
should have low temperature 
coefficients and be free from backlash. 


2.6 
Temperature Stability 


While the MC1594 provides excellent performance In Itself, 
overall performance depends to a large degree on the quality 
of the external components. 
Previous discussion shows the 
direct dependence on AX, AV. and RL and indirect depend· 
ence on Rl 
(through 11). Any cirCUit subjected to tempera· 


ture variations should be evaluated with these effects in mind. 


2.7 
Bias Currents 


The MC1594 multiplier, 
like most Imear Ie's. requires a dc 


bias current 
into its input terminals. 
The device cannot be 
capacitively coupled at the Input without 
regard for this bias 
current. 
If inputs Vx and Vv are able to supply the small bias 
current 
(~0.5 
jJ.A) resistors. R (Figure 161can be omitted. 


If the MC1594 
is used In an ac mode of operation 
and 


capacitive coupling is used the value of resistor A can be any 
reasonable value up to 
100 kfl. 
For minimum 
noise and 
optimum 
temperature performance, the value of resistor A 
should be as low as practical. 


2.8 
Parasitic Oscillation 


When long leadsare usedon the inputs. oscillation may occur. 
In this event, an RC parasitic suppression network similar to 
the ones shown in Figure 16 should be connected directly 
to each input using short leads. The purpose of the network 


III 


the oscillation. 


Inability 
to adjust the circuit to within the specified accuracy 


may be an indication of oscillation. 


General 


For ac operation, such as balanced modulation, 
frequency 


doubler. 
AGe. etc., 
the ap-amp!. 
will usually be omitted 
as 
well as the output offset adjust potentiometer. 
The output 
offset adjust potentiometer is omitted since the output will 
normally 
be ae-coupled and the de voltage at the output 
is 
of no concern providing it is close enough to zero volts that 
it will not cause clipping in the output waveform. 
Figure 17 


1 
I 
I 


:~ k-;~Co 


I 
II 


shows a typical ac multiplier 
circuit with a scale factor K~ 1. 


Again, resistor AX and Ry are chosen as outlined 
in the 


previous section, with 
AL chosen to provide the required 
scale factor. 


The offset voltage then existing at the output will be equal to 
the offset current times the load resistance. The output off- 
set current 
of the MC1594 is typically 
17 J.LA and 35 J.LA 
maximum. 
Thus, the maximum 
output 
offset 
would 
be 
about 160 mV. 


3,2 
S.ndwidth 


The bandwidth 
of the MC1594 is primarily 
determined by 


two factors. 
First, the dominant pole will be determined by 


the load resistor and the stray capacitance at the output 
terminal. 
For the circuit 
shown in Figure 17, assuming a 
total output capacitance ICo) of 10 pF. the 3 dB bandwidth 
would be approximately 
3.4 MHz. 
If the load resistor were 
47 kn, 
the bandwidth would be approximately 
340 kHz. 


Secondly, 
a "zero" 
is present in the frequency 
response 
characteristic for both the "X" 
and "y" 
inputs which causes 
the output signal to rise in amplitude at a 6 dB/octave slope 
at frequencies beyond 
the breakpoint 
of the "zero". 
The 


"zero" 
is caused by the parasitic and substrate capacitance 
which is related to resistors AX and Ay and the transistors 
auociated 
with 
them. 
The effect 
of 
these transmission 


In~rtH:I~ 
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high frequencies. 
Since the Ry 
resistor is approximately 
twice the value of the AX resistor, the zero associated with 
the "y" 
input will occur at approximately 
one octave below 


the zero associatedwith the ,·X••input. 
For AX = 30 kn and 


Ay 
= 62 kn, 
the zeros occur at 1.5 MHz for the "X" 
input 


and 700 kHz for the "y" 
input. 
These two measured break- 


points correspond to a shunt capacitance of about 3.5 pF. 
Thus. for the circuit 
of Figure 17. the "X" 
input zero and 


"y" 
input 
zero will 
be at approximately 
15 MHz and 
7 MHz respectively. 


It should be noted that the MC1594 multiplies 
in the time 
domain, hence, its frequency 
response is found by means 


of complex convolution 
in the frequency (Laplace) domain. 


This meansthatif the "X" 
input does not involve afrequency, 


it 
is not 
necessary to consider 
the "X" 
side frequency 


response in the output product. 
Likewise, for the "Y" 
side. 


Thus, for applications such asa wideband linear AGC ampli- 
fier which has a de voltage as one input, the multiplier 
fre· 


quency response hasone zero and one pole. For applications 
which involve an ac voltage on both the ..X•. and "y" 
side, 


such as a balanced modulator, 
the product voltage response 
will 
have two zeros and one pole. hence. peaking may be 
present in the output. 


From this brief discussion, it is evident that for ac applica- 
tions; (1) the value of resistors AX, Ry and RL should be 
kept as small as possible to achieve maximum 
frequency 


response, and (2) it is possible to select a load resistor RL 
such that the dominant pole (AL' Co) cancels the input zero 
(RX, 3.5 pF or Ry, 3.5 pF J to give a flat amplitude character- 
istic with 
frequency. 
This is shown in Figures 9 and 10. 


Examination 
of 
the frequency 
characteristics of the "X" 


and "y" 
inputs will demonstrate that for wideband amplifier 
appl ications, the best tradeoff with frequency responseand 
gain is achieved by using the "y" 
input for the ac signal. 


For ac applications requiring bandwidths greater than those 
specified for 
the MC1594, 
two 
other devices are recom· 


mended. 
For 
modulator-demodulator 
applications, 
the 
MC1596 may be used up to 100 MHz. 
For wideband multi- 


plier applications, 
the MC1595 (using small collector 
loads 


and ac coupling) can be used. 


3.3 
Slew-Rate 


The MC1594 multiplier 
is not slew-rate limited 
in the ordi· 


nary sensethat an op-ampl. is. Since all the signals in the 
multiplier 
are currents and not voltages. there is no charging 
and discharging of stray capacitors and thus no limitations 
beyond the normal device limitations. 
However, it should 
be noted that the quiescent current in the output 
transistors 


is 0.5 mA and thus the maximum rate of change of the out- 
put voltage is limited 
by the output 
load capacitance by 
the simple equation: 


ti.Vo 
10 
Slew-Rate 6T 
= C 


Thus, if Co is 10 pF. the maximum slew-rate would be: 


t;.Vo 
0.5 x 10-3 


- 
=---- 
=50V/". 


t;.T 
10 x 10-12 


3.4 
Ph•• -Vector Error 


All multipliers 
are subject to an error which is known asthe 
phase-vector error. 
This error is a phase error only and does 
not contribute 
an amplitude 
error per 58. The phase-vector 


FIGURE 19 - MC1594 SQUARING CIRCUIT 
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Notice that the magnitude is correct but the phase angle of 
the product 
is in error. 
The vector. V. associated with this 
error is the "phase-vector error". 
The startling fact about 


the phase-vector error isthat it occurs and accumulates much 
more rapidly than the amplitude 
error associated with 
fre- 


quency response. In fact, a relative phase shift of only 0.57° 
will result in a 1%phase-vector error. For most applications. 
this error is meaningless. If phase of the output product is 
not 
Important. 
then neither is the phase-vector error. 
If 
phase is important. 
such as in the case of double sideband 


modulation 
or demodulation, 
then a 1% phase-vector error 
will 
represent a 1% amplitude 
error at the phase angle 


of interest. 
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3.5 
Circuit Layout 


If wideband operation is desired, careful circuit layout must 
be observed. Stray capacitance across RX and Ry should be 
avoided to minimize peaking (caused by a zero created by 
the parallel RC circuit). 


4.1 
Squ...-ing Circuit 


If 
the 
two 
inputs 
are connected 
together. 
the resultant 


function 
is SQuaring: 


Vo = KV2 


where K is the scalefactor (seeFigure 19L 


However. a more careful look at the multiplier's 
defining 
equation will provide some useful information. 
The output 
voltage, without 
initial offset adjustments is given by: 


va = K(Vx + Viox -Vx off) (Vy + Vioy - Vy off 1+ Voo 


(See"Definitions" 
for an explanation of terms). 


With Vx = Vy = V (squaring) and defining 


Ex:='Viox - Vx off 


Ey = Vioy - Vy off 


The output voltage equation becomes 


Vo': K V~ + KVx (EX+ Eyl + KExEy + Voo 


This shows that all error terms can be eliminated with only 
three adjustment potentiometers, 
eliminating one of the in- 


put offset adjustments. 
For instance, if the "X" input offset 


adjustment 
is eliminated, 
EX is determined by the internal 


offset, 
Viox, 
but 
Ey is adjustable to the extent 
that the 


(EX+ Eyl term can be zeroed. Then the output offset adjust- 
ment is used to adjust the Voo term and thus zero the remain- 
ing error 
terms. 
An ac procedure for nulling 
with 
three 
adjustments is: 


A. AC Procedure: 


1. Connect OSCillator(1 kHz, 15 Vpp) to input 
2. 
Monitor 
output 
at 2 kHz with tuned voltmeter 
and 


adjust P4 for desired gain 
(Be sure to peak response 
of voltmeter! 


3. Tune voltmeter to 1 kHz and adjust Pl for aminimum 
output voltage 


4. 
Ground input and adjust P3 (output offset) for zero 
volts dc out 


5. 
Repeat steps 1 through 4 as necessary. 
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B. 
DC Procedu re: 


1. Sot Vx 
= Vv 
= 0 V and adjust 
P3 (output 
offset 
potentiometer) 
such that Vo = 0.0 Vdc 


2. 
Sot Vx 
= Vv 
= 1.0 V and adjust 
P1 (V input offset 
potentiometer) 
such 
that 
the 
output 
voltage 
is 
-0.100 
volts 


3. 
Set Vx 
= Vv 
= 10 Vdc and adjust P4 (load resistor! 
such that 
the output 
voltage 
is -10.00 
volts 


4. 
Sot Vx 
= Vv 
= -10 
Vdc and check that Vo 
= -10V 
Repeat steps 1 through 4 as necessary. 


Should Vx change polarity. 
the transfer function through 
the multiplier 
becomes inverting, the amplifier 
has positive 
feedback and latch·up results. 
The problem resulting from 
Vx 
being near zero is a result of the transfer through the 
multiplier 
being near zero. 
The ap-amp!. is then operating 
with 
a very 
high closed loop gain and error voltages can thus 
become effective in causing latch-up. 


The other mode of latch·up results from the output voltage 
of the ap-ampt. exceeding the rated common·mode input 
voltage of the multiplier. 
The input stageof the multiplier 
becomes saturated, phase reversal results, and the circuit is 
latched up. 
The circuit of Figure 21 protects against this 
happening by clamoing the output swing of the op-amp!. to 
approximately 
±. 10.7 volts. 
Five-percent tolerance, 10-volt 
zeners are used to assure adequate output 
swing but still 
limit 
the output voltage of the op-amp!. from exceeding the 
common-mode input range of the MC1594. 


Setting up the divide circuit for reasonably accurate opera- 
tion 
is somewhat different 
from 
the procedure 
for 
the 
multiplier 
itself. 
One approach, however, is to break the 
feedback loop, null out the multiplier 
circuit, and then close 
the loop. 


A simpler approach. since it does not involve breaking the 
loop (thus making it more practical on aproduction basis), is: 


4.2 
Divide 


DIvide circuits warrant a special discussion asa result of their 
special problems. 
Classic feedback theory teaches that if a 
multiplier 
is used as a feedback element in an operational 
amplifier circuit, the divide function results. Figure 20 Illus- 
trates the theoretical simplicity 
of such an approach and a 
practical realIzation is shown in Figure 21. 
The characteristic 
"failure" 
mode of the diVide cirCUit is 


latch-up. 
One way it can occur is if Vx is allowed to go 
negative or, in some cases,If Vx approaches zero. 


Figure 20 illustrates why thiS is so. For Vx > 0 the transfer 
function 
through the multiplier 
is non-inverting. 
Its output 
is fed to the inverting input of the op-amp!. Thus, operation 
is in the negative feedback mode and the circuit is dc stable 
1. Set Vz :: 0 volts and adjust the output offset potentio- 


meter (P3) until 
the output 
voltage 
(Vo) 
remains at 
some (not necessarilyzero) constant value as Vx is varied 
between +1.0 volt and +10 volts. 


2. Maintain Vz at 0 volts, set Vx 
at +10 volts and ad- 
just the Y Input offset potentiometer (PH until Vo:: 0 
volts. 


3. With Vx :: VZ, adjust the X input offset potentiometer 
IP2) until the output voltage remains at some (not nec- 
essarily -10 
volts) constant value as Vz ::: Vx is varied 
between +1.0 volt and +10 volts. 


4. 
Maintain Vx :: Vz and adjust the scalefactor potentio- 
meter IAL) until 
the averagevalue of Vo is -10 volts as 
VZ:: Vx 
IS vaned between +1.0 volt and +10 volts. 


5. 
Aepeat steps 1 through 4 as necessary to achieve opti- 
mum performance. 


Usersof the divide circuit should be aware that the accuracy 
to be expected decreasesin direct proportion to the denomi- 
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nator voltage. 
As a result, if Vx is set to 10 volts and 0.5% 


accuracy is available, then 5% accuracy can be expected 
when Vx is only 1 volt. 
In accordance with an earlier statement, Vx may have only 
one polarity, positive, while Vz may be either polarity. 


Squar. 
Root 


A special case of the divide circuit in which the two inputs 
to the multiplier are connected together results in the square 
root function 
as indicated in Figure 22. 
This circuit too 
may suffer from latch-up problems similar to those of the 
divide circuit. 
Note that only one polarity of input is allowed 
and diode clamping (seeFigure 23) protects againstaccidental 
latch-up. 
This circuit too, may be adjusted in the closed-loop mode: 


1. Set Vz 
= -0.01 
Vdc and adjust P3 (output offset) for 
Vo • 0.316 Vdc. 


2. Set Vz to -0.9 Vdc and adjust P2 ("X" 
adjust) for Vo '" 


+3 Vdc. 


3. Set Vz to -10 Vdc and adjust P4 (gain adjust) for Va = 


+10 Vdc. 


Steps 1 through 3 may be repeated as necessaryto .chieve 
desired accuracy. 


Note: Operation near zero volts input may prove very in- 
accurate, hence, it may not be possible to adjust Vo 
to 0 but rather only to within 100 to 400 mVof zero. 


Wideband 
Amplifier 
With Li•.••• AGe 


If one input to the MC1594 is a dc voltage and a signal 
voltage is applied to the other input, the amplitude of the 
output signalcan be controlled in a linear fashion by varying 
the dc voltage. 
Hence, the multiplier 
can function 
as a dc 
coupled, wideband amplifier with linear AGe control. 


In addition 
to the advantage of Linear AGC control, 
the 
multiplier hasthree other distinct advantagesover most other 
types of AGC systems. 
First, the AGC dynamic range is 
theoretically 
infinite. 
This stems from the basic fact that 
with 
zero volts dc applied to the AGC, the output 
will be 
zero regardlessof the input. 
In practice, the dynamic range 
is limited 
by the ability 
to adjust the input offset adjust 
potentiometers. 
By using cermet multi-turn 
potentiometers, 


a dynamic range of 80 dB can be obtained. 
The second 
advantageof the multiplier is that variation of the AGC volt- 
age has no effect on the signal handling capability 
of the 
signal port, nor does it alter the input 
impedance of the 
signal port. 
This feature is particularly 
important 
in AGe 
systems which are phasesensitive. A third advantageof the 
multiplier 
is that the output-voltage-swing capability 
and 
output 
impedance are unchanged with 
variations in AGC 
voltage. 
The circuit of Figure 24 demonstrates the linear AGC ampli- 
fier. 
The amplifier can handle 1 V(rms) and exhibits a gain 
of approximately 
20 dB. 
It is AGC'd through a 60 dB 
dynamic rangewith the application of an AGC voltage from 
o Vdc to 1 Vdc. 
The bandwidth of the amplifier 
is deter- 


mined by the load resistor and output stray capacitance. For 
this reason, an emitter-follower 
buffer 
has been added to 
extend the bandwidth in excessof 1 MHz. 


Balanced Modulator 


When two-time variant signalsare used as inputs, the result- 


10"1 
510 


m 


where Wm is the modulation 
fre4uency and we is the carrier 


frequency. 
Th is equation can be expanded to show the 


suppressed carrier or balanced modulation: 


Unlike many modulation 
schemes,which are non-linear in 
nature, the modulation 
which takes place when using the 


MC1594 is linear. This means that for two sinusoidal inputs, 
the output 
will contain only two frequencies, the sum and 
difference, 
as seen in the above equation. 
There will be no 
spectrum centered about the second harmonic of the carrier, 
or any multiple 
of the carrier. 
For this reason. the filter 
requirements 
of 
a modulation 
system are reduced to the 
minimum. 
Figure 25 shows the MC1594 configuration 
to 


perform 
this function. 


FIGURE 24 - WIDEBAND AMPLIFIER 


WITH LINEAR AGe 
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Notice that the resistor values for 
RX' Ry. 
and RL have 
been modified. 
This has been done primarily 
to increasethe 
bandwidth by lowering the output impedance of the Me 1594 
and then lowering RX and Ry to achieve a gain of 1. The 
ec can be as large as 1 volt peak and em as high as 2 volts 
peak. 
No output 
offset adjust is employed 
since we ·are 


interested only in the ac output components. 


The input 
R's are used to supply bias current to the multi· 


plier inputs as well as provide matching input 
impedance. 


The output 
frequency range of this configuration 
is deter· 


mined by the 4.7 k ohm output 
impedance and capacitive 
loading. 
Assuming a 6 pF load, the small-signal bandwidth 
is 5.5 MHz. 
The circuit of Figure 25will provide a typical carrier rejection 
of ~70dB 
from 10 kHz to 1.5 MHz. 


The adjustment procedure for this CIrCUItIS quite simple. 


(1) 
Place the carner signal at pin 10. 
With no signal 


applied to pin 9, adjust potentiometer 
P1 such that an ac 


null is·obtained at the output 


(2l 
Place a modulation 
signal at pin 9. 
With no signal 
applied to pin 10, adjust potentiometer 
P2 such that an ac 


null is obtained at the output. 


Again, the ability to make careful adjustment of these offsets 
will be a function 
of the type of potentiometers 
used for 


P1 and P2. 
Multiple turn cermet type potentiometers are 
recommended. 


5.3 
Frequency Doubler 


If for Figure 25 both inputs are identical; 


Then the output is given by 


eo = emec ••E2 cos2wt 


E2 


eo •• 2- (1 + cos2wt) 


This equation states that the output will consist of a dc term 
equal to one half the peak voltage squared and the second 
harmonic of the input frequency. 
Thus, the circuit acts asa 
frequency doubler. 
Two facts about this circuit are worthy 


of note. 
First, the second harmonic of the input frequency 
is the only frequency appearing at the output. 
The funda· 


mental does not appear. Second, if the input is sinusoidal, 
the output will be sinusoidal and requires ~ 
filtering. 


The circuit of Figure 25 can be used asa frequency doubler 
with input frequencies in excessof 2 MHz. 


5.4 
Amplitude 
Modul8tor 


The circuit of Figure 25 is also easily usedas an amplitude 
modulator. This isaccomplished by simply varying the input 
offset adjust potentiometer 
(PH associated with the modu- 


tation input. This procedure placesa dc offset on the modu- 
lation input of the multiplier such that the carrier still passes 
thru 
the 
multiplier 
when the modulating 
signal is zero. 


The result is amplitude modulation. 
This is easily seen by 


examining the basic mathematical expression for amplitude 
modulation 
given below. 
For the case under discussion, 
with K:: 1. 


eo = IE + Em coswmt) IEc coswctl 


where E is the dc input offset adjust voltage. This expression 
can be written as: 


Eo = EEc 


Em 


M '" E ::modulation index 


This IS the standard equation for amplitude 
modulation. 


From this. it is easy to see that 100% mOdulation can be 
achieved by adjusting the input offset adjust voltage to be 
exactly equal to the peak value of the modulation. Em. This 
is done by observing the output waveform and adjusting the 
input offset potentiometer. Pl. until the output exhibits the 
familiar amplitude modulation waveform. 


5.5 
PhaseDetector 


If the circuit 
of Figure 25 has as its inputs two signals of 


Identical frequency but having a relative phase shift the out· 
put will be a dc signal which ISdirectly proportional 
to the 
cosine of phase difference as well as the double frequency 
term. 


eo = ecem ,..EcEm coswct cos(wct +.;.01 


EcEm 
or 
eo'" -2- 
(coSt;.+ cos(2wct + ..;.) 


The addition of a Simple low passfilter to the output {which 
eliminates the second cosine term} and return of RL to an 
offset adjustment potentIometer 
will result in a dc output 
voltage which ISproportional 
to the COSineof the phasedlf· 


ference. 
Hence. the cirCUit functions 
as a synchronous 
detector 


Becauseof the unique nature of a multiplier, 
I.e_.two Inputs 


and one output, 
operating 
specifications 
are difficult 
to 
define and interpret. 
Indeed the samespecification may be 


defined in severalcompletely different ways depending upon 
which manufacturer is doing the defining. 
In order to clear 
up some of 
this mystery, 
the following 
definitions 
and 


examples are presented. 


6.1 
Multiplier 
Transfer Function 


The output 
of 
the multiplier 
may be expressed by this 


equation: 


Vo'" K (Vx ± Viox -Vxoffl 
(Vy ±. Vioy -Vyoffl 
± Voo 
(11 


where K :: scale factor (see6.5) 


Vx = "x" 
input voltage 


Vy = "yO' inplJt voltage 


Viox '" "x" 
input offset voltage 
Vioy :: "y" 
input offset voltage 


Vx off = "x" 
input offset adjust voltage 


Vy off :: "y" 
input offset adjust voltage 


V00 = output offset voltage 


The voltage transfer characteristic below indicates "X", "Y" 
and outpu t offset vol tages. 


~ 


'IO"""' 
I 


OIlVlI 
I 
I 
-- 
- 
-~Vy 
""J L 


Linearity 


LInearity is defined to be the maximum deViatIOnof output 
voltage from a straIght line transfer function, 
It ISexpressed 
as a percentage of full·scale output 
and is measured for Vx 
andVy separately either using an"X· Y" plotter (and checking 
the deviation 
from a straight Iinel or by uSing the method 
shown in Figure 1. The latter method nulls the output signal 
With the input 
signal, resulting In distortion 
components 
proportional 
to the linearity 


Example 
0.35% linearity means 


6.3 
Input Offset Voltage 


The Input offset voltage ISdefined from Equi'ttlon (ll 
It IS 
measured for Vx and Vy separately and ISdefined to be that 
dc Input offset adjust voltage ("x" 
or "y") 
that wdl result In 
minimum acoutput when ac 15VPP. 1 kHz) ISapplied to the 
other Input ("y" 
or "x" 
resnectlvely) 
From Equatlon!l) 


we have. 


adlust Vx off so that I± VIOX -Vx offl 
= 0 


6.4 
Output Offset Current and Voltage 


Output offset current Clool IS the dc current flOWing In the 
output lead when Vx:: 
Vy = 0 and "X" and "Y" 
offset volt- 


agesare adjusted to zero. 


Output offset voltage (Voolls. 


Voo 
= 100 RL 


where RL is the toad resistance. 


Note 
Output 
offset voltage is defined by many manufac- 


turers with all inputs at zero but WIthout adjusting 
"X" and "Y" offset voltages to zero. Thus It Includes 
input offset terms. an output offset term and a scale 
factor term. 


6.5 
Scale Factor 


Scalefactor is the K term in Equation 11). It determines the 
"gain" 
of the multiplier 
and is expressed approximately 
by 
the following equation. 


2RL 
kT 


K = RxRyll 
where Rx and Ry » 
Qi1 
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6.6 
Total 
DC Accuracy 


The 
total 
de accuracy 
of 
a multiplier 
is defined 
as error 
in 


multiplier 
output 
with 
de (il a Vdcl 
applied 
to both 
Inputs. 


It 
IS expressed 
as a percent 
of 
full 
scale. 
Accuracy 
IS not 
specifIed for the MC1594 becauseerror terms can be nulled 


by 
the 
user. 


6.7 
Temperature 
Stability 
(Driftl 


Each 
term 
defined 
above 
will 
have a finite 
drtft 
with 
tempera- 


ture. 
The 
temperature 
specifications 
are 
obtained 
by 
re- 


adjusting 
the 
multiplier 
offsets 
and 
scale factor 
at each 
new 


temperature 
(see 
previous 
definitions 
and 
the 
adjustment 
procedure) and noting the change 


Assume 
inputs 
are grounded 
and 
Initial 
offset 
voltages 
have 


been 
adjusted 
to zero. 
Then 
output 
voltage 
doft 
IS given 
by 


Wo 
: ±IK±K 
ITCKI 
(.TI 
) I {TCV,oxi 
16TI 
J 1 ITCV,ovi 


{hTlJ 
± {TCVooll~TI 


6.8 
Total DC Accuracy Drift 


This 
IS the 
temperature 
drtft 
in output 
voltage 
wIth 
10 volts 


applIed 
to 
each 
Input 
The 
output 
IS adjusted 
to 10 volts 
at 


T A 
= 
+2SoC. 
Assuming 
Initial 
offset 
voltages 
have 
been 


adjusted 
to 
zero 
at T A 
= +2SoC, 
then 


Vo 
= 
IK±K 
ITCK} 
(~TI 
) 110 
± 
ITCV,ox} 
I~TI 
1110 
± 


ITCV,ovi 
{.oTI I ± ITCVooi 
(·'TI 


6.9 
Power 
Supply 
Rejection 


Variation 
In 
power 
supply 
voltages 
will 
cause 
undeSired 


variation 
of 
the 
output 
voltage 
It 
IS measured 
by 
super- 


ImpOSing 
a 
l-volt, 
1DO-Hz 
Signal 
on 
each 
supply 
(± 15 
V I 


with 
each 
Input 
grounded 
The 
resulting 
change 
In the out- 


put 
IS expressed 
In mV/V. 


6.10 
Output 
Voltage 
Swing 


Output 
VOltage 
swing 
capability 
IS the 
maximum 
output 


voltage 
sWing 
(without 
clipping) 
Into 
a resistive 
load 
(note· 


output 
offset 
is adjusted 
to zero) 


If an op-ampl. 
is used, 
the multiplier 
output 
becomes 
a virtual 


ground 
- 
the 
swing 
is then 
determined 
by 
the 
scale 
factor 


and 
the op-amp!. 
selected. 
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6.2 
Linearity 
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6.9 
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Supply 
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6.10 
Output 
Voltage 
Swing 


Device 


MC1495L 
MC1595L 


Temperature 
Range 


O°C to +70°C 


-55°C 
to +125°C 


Package 


Ceramic 
DIP 
Ceramic 
DIP 


Specifications 
and Applications 
Information 


WIDEBAND 
MONOLITHIC 


FOUR-QUADRANT 
MULTIPLIER 


designed for uses where the output 
is a linear product of two 


input voltages. Maximum versatility is assuredby allowing the user 
to select the level shift method. Typical applications include: 
multi· 
ply, divide', 
square root", 
mean square', phasedetector, frequency 
doubler, balanced modulator/demodulator, 
electronic gain control. 


·When used with an operational amplifier. 


• 
Wide Bandwidth 


• 
Excellent Linearity - 
1%max Error on X-Input, 2% max Error on 
Y-Input - MC1595L 


• 
Excellent Linearity - 2% max Error on X-Input, 4% max Error on 


Y-Input - MC1495L 


• 
Adjustable Scale Factor, K 


• 
Excellent Temperature Stability 


• 
Wide Input Voltage Range- ± 10 Volts 


• ± 15 Volt Operation 


MC1495L 
MC1595L 


LINEAR 
FOUR-QUADRANT 
MULTIPLIER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632-08 


" 


Vy 
Vx 


I 
I 


II 


MC1495L, MC1595L 


ELECTRICAL 
CHARACTERISTICS 
(V+ 
= 
+32 
V, V- 
~ 
-15 
V, TA 
= 
+ 25"C, 13 ~ 
113 = 1.0 mA, 
RX 
~ 
Ry = 15 kO, 


RL = 11 kO unless 
otherwise 
noted) 


Characteristic 
Figure 
Symbol 
Min 
Typ 
.Max 
Unit 


Linearity: 
5 
% 


Output 
Error 
in Percent 
of Full Scale: 


TA 
= 
+25"C 


-10 
< Vx 
< 
+10 
(Vy 
= 
:t10 
V) 
MC1495 
ERX 
- 
:t1.0 
:t2.0 


MC1595 
- 
:to.5 
:t1.0 


-10 
< Vy 
< 
+ 10 (VX 
= 
:t10 
V) 
MC1495 
ERY 
- 
:t2.0 
:t4.0 


MC1595 
- 
:t1.0 
:t2.0 


TA = 0 to 
+ 70"C 
MC1495 


-10 
< Vx 
< 
+ 10 (Vy 
= 
:t10 
V) 
ERX 
- 
:t1.5 
- 


-10<Vy< 
+10(VX 
= 
+10 
V) 
ERY 
- 
:t3.0 
- 
TA 
~ 
-55"C 
to 
+ 125"C 
MC1595 


-10 
< Vx 
< 
+ 10 (Vy 
= 
:t10 
V) 
ERX 
- 
:to.75 
- 


-10<Vy< 
+10(VX 
= 
+10VI 
ERY 
- 
+1.5 
- 


Squaring 
Mode 
Error: 
5 
ESO 
% 


Accuracy 
in Percent 
of Full Scale 
After 
Offset 
and 
Scale 
Factor 
Adjustment 


TA 
= 
+25"C 
MC1495 
- 
:to.75 
- 
MC1595 
- 
:to.5 
- 
TA 
~ 
Oto 
+70"C 
MC1495 
- 
±1.0 
- 


TA 
= 
-55"C 
to 
+ 125"C 
MC1595 
- 
:to.75 
- 


Scale 
Factor 
(Adjustable) 
- 
K 
- 
0.1 
- 


(K~~) 
13 RX Ry 


Input 
Resistance 
MC1495 
7 
RINX 
- 
30 
- 
MO 
(f = 20 Hz) 
MC1595 
- 
35 
- 
MC1495 
RINY 
- 
20 
- 
MC1595 
- 
35 
- 


Differential 
Output 
Resistance 
(f = 20 Hz) 
8 
Ro 
- 
300 
- 
kO 


Input 
Bias Current 
6 
p.A 


Ibx 
~ 
(19 ~ 
112), Iby 
= (14 ; 
18) 
MC1495 
Ibx 
- 
2.0 
12 


MC1595 
- 
2.0 
8.0 


MC1495 
Iby 
- 
2.0 
12 


MC1595 
- 
2.0 
8.0 


Input 
Offset 
Current 
6 
p.A 


119 - 
1121 
MC1495 
Ilioxi 
- 
0.4 
2.0 


MC1595 
- 
0.2 
1.0 


114 - 
181 
MC1495 
Ilioyl 
- 
0.4 
2.0 


MC1595 
- 
0.2 
1.0 


Average 
Temperature 
Coefficient 
of 
6 
ITCliol 
nAf'C 
Input 
Offset 
Current 
(T A = 0 to 
+ 70"C) 
MC1495 
- 
2.5 
- 
(TA 
= - 55"C to 
+ 125"C) 
MC1595 
- 
2.5 
- 


Output 
Offset 
Current 
MC1495 
6 
11001 
20 
100 
p.A 


1114-121 
MC1595 
- 
10 
50 


Average 
Temperature 
Coefficient 
of 
6 
ITClool 
nAf'C 


Output 
Offset 
Current 
(TA 
= 0 to 
+ 70"C) 
MC1495 
- 
20 
- 


(TA 
~ 
-55"C 
to 
+ 125"C) 
MC1595 
- 
20 
- 


Frequency 
Response 
9,10 


3.0 dB Bandwidth, 
RL = 11 kO 
BW3dB 
- 
3.0 
- 
MHz 


3.0 dB Bandwidth, 
RL = 50 0 (Transconductance 
Bandwidth) 
TBW3 
dB 
- 
80 
. 
- 
MHz 


3" Relative 
Phase 
Shift 
Between 
Vx 
and 
Vy 
f<l> 
- 
750 
- 
kHz 


1% Absolute 
Error 
Due to Input-Output 
Phase 
Shift 
18 
- 
30 
- 
kHz 


Common 
Mode 
Input 
Swing 
MC1495 
11 
CMV 
:t 10.5 
±12 
- 
Vdc 


(Either 
Input) 
MC1595 
:t 11.5 
±13 
- 


Common 
Mode 
Gain 
MC1495 
11 
ACM 
-40 
-50 
- 
dB 
(Either 
Inputl 
MC1595 
-50 
-60 
- 


Common 
Mode 
Quiescent 
12 
V01 
- 
21 
- 
Vdc 


Output 
Voltage 
V02 
- 
21 
- 


Differential 
Output 
Voltage 
Swing 
Capability 
9 
Vo 
- 
:t14 
- 
Vneak 


Power 
Supply 
Sensitivity 
12 
S+ 
- 
5.0 
- 
mVN 


S- 
- 
10 
- 


Power 
Supply 
Current 
12 
17 
- 
6.0 
7.0 
mA 


DC Power 
Dissipation 
12 
Po 
- 
135 
170 
mW 


Rating 
Symbol 
Value 
Unit 


Applied Voltage 
6V 
30 
Vdc 
(V2-V1. 
V14-V1. 
V1-V9. 
V1-V12. 
V1-V4. 


V1-Va. 
V12-V7. 
V9-V7. 
Va-V7. 
V4-V71 
Differential 
I nput Signal 
V12 
Vg 
±16+113 Rxl 
Vdc 
V4-Va 
±16+13 Ryl 
Vdc 


Maximum 
Bias Current 
13 
10 
mA 
113 
10 


Power Dissipation 
(Package Limitation) 
Po 
Ceramic Package 
750 
mW 
Derate above T 11 "" +250C 
5.0 
mW/oC 


Operating Temperature 
Range 
TA 
°c 


MC1495 
o to +70 
°c 
MC1595 
-55 to +125 


Storage Temperature 
Range 
Tsto 
-65 to +150 
°c 


t 
' 
OFFSET 
AOJUST. 


(SEEFIGURES1J&141 ,- 
II 


III 


SCALE 


FACTOR 


ADJUST. 


~o 
='*Cl'!::3.0pF 


--t-. 


11 


1 
9.1k 


MC1595L 
11k 
IMC1495L1 


14 
11k 


7 
13 


11k 
13.75k 


5.0k T = 
01"F~ 


O.lpF 


-15 
V 


SCALE 


FACTOR 
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O.lIJ.F 
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~o 
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VO 
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SCALE FACTOR 
versus 
TEMPERATURE 
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1. Theory of Operation 


The MC1595 (MC14951 is a monolithic, 
four-quadrant multi- 
plier which operates on the principle of variable transconductance. 
The detailed theory of operation is covered in Application 
Note 
AN-489, Analysis and BasicOperation of the MC1595. The result 
of this analysis is that the differential output current of the multi- 
plier is given by 


where IA and IB are the currents into pins 14 and 2, respectively, 
and Vx and Vy are the X and Y input voltages at the multiplier 
input terminals. 


2. Design Considerations 


2.1 General 


The MC1595 IMC149S) permits the designer to tailor the 
multiplier 
to a specific application by proper selection of ex- 


ternal components. 
External components may be selected to 
optimize a given parameter (e.g. bandwidth) which may in turn 
restrict another parameter (e.g.maximum output voltage swing). 
Each important parameter is discussedin detail in the following 
paragraphs. 


2.1.1 
Linearity. Output Error, ERX or ERY 


Linearity error is defined as the maximum deviation of out- 


put voltage from a straight line transfer function. 
It is expressed 
aserror in percent of full scale(seefigure below). 


For 
example. 
if 
the 
maximum 
deviation, 
VE{max), 
is 


±.100 mV 
and the full 
scale output 
is 10 volts, then the 


percentageerror is 


ER • VElma,1 , 100 = 100, 
10-3 ,100 
= ± 1.0%. 


Vo{max) 
10 


Linearity error may be measuredby either of the following 
methods: 


1. Usingan X - V plotter with the circuit shown in Figure 5. 
obtain plots for X and V similar to the one shown above. 
2. 
Use the circuit of Figure 4. This method nulls the level 
shifted output of the multiplier 
with the original input. 


The peak output of the null operational amplifier will be 
equal to the error voltage, VE(maxl' 


One source of linearity error can arise from large signal non- 


linearity in the X and V-input differential amplifiers. 
To avoid 
introducing 
error from this source, the emitter degeneration 
resistors RX and Ry must be chosen largeenough so that non- 
linear base-emitter voltage variation can be ignored. Figures 17 
and 18 show the error expected from this source asa function 
of the valuesof RX and RV with an operating current of 1.0 mA 
in eachsideof the differential amplifiers (i.e_,13" 113" 1.0 mAl. 


2.1.2 3 dB-Bandwidth and PhaseShift 


Bandwidth is primarily determined by the load resistors and 
the stray multiplier 
output capacitance and/or the operational 


amplifier used to level shift the output. 
If wideband operation 
is desired, low value load resistorsand/or a wideband operational 
amplifier should be used. Stray output capacitance will depend 
to a largeextent on circuit layout. 


Phaseshift in the multiplier circuit results from two sources: 


phase shift common to both X and Y channels (due to the load 
resistor-output capacitance pole mentioned above) and relative 
phase shift between X and Y channels (due to differences In 
transadmittance in the X and V channels!. If the input to output 
phaseshift is only 0.60, the output product of two sine waves 
will exhibit a vector error of 1%. A 30 relative phaseshift be- 
tween Vx and Vy results in a vector error of 5%. 


2.1.3 Maximum Input Voltage 


VX(maxl, 
VV{maxl 
maximum input voltages must be such 
that: 


VX{m•• 1<113 Ry 


VYlma,1 <13 Ry. 


Exceeding this valuewill drive one side of the input amplifier to 
"cutoff" 
and causenon-linear operation. 


Currents 13and 113arechosen at a convenient value (observ- 


ing power dissipation limitation) 
between 0.5 mA and 2.0 mA, 


approximately 1.0 mA. Then RX and Ry can be determined by 
considering the input signal handling requirements. 


For VXlmaxl 
= VY(max) •• 10 volts; 


RX = Ry> 
~ 
= 10k!!. 


1.0mA 


2VXVy 


The equatIon IA - IB ""RXRVI3 


2VXVy 


IS denved from 
IA - IB •• 
2kT 
IRX +--1 
IRy + 2kT 113 


ql13 
ql3 


WIth the assumptIon AX ~ 2kT and AY ~ 2kT 


ql13 
ql3 


2kT 
= 2kT = 52 n. 


q/13 
ql3 


Therefore, with RX ••Ry "" 10 kn. the above assumption is valid. 
Reference to Figure 19 will indicate limitations of VX(maxl or 
VYlmax) 
due to Vl 
and V7. Exceeding these limits will cause 


saturation or "cutoff" 
of the input transistors. 
SeeStep 4 of 


Section 3 (General Design Procedure) for further details. 


2.1.4 Maximum Output Voltage Swing 


The maximum output voltage swing is dependent upon the 


factors mentioned below and upon the particular circuit being 
considered. 
For Figure 20 the maximum output 
swing is dependent 
upOn V+ for positive swing and upon the voltage at pin 1 for 
negative swing. 
The potential at pin 1 determines the quies- 
cent level for transistors aS, 
Clij. 07. and 08. 
This potential 


should be related so that negative swing at pins 2 or 14 does 
not saturate those transistors. SeeSection 3 for further inform- 
ation regarding selection of these potentials. 


v· 


'x 
'y 
" 
'l 
" 
'l 


VxI 
12 


} Vo 


MC1!i95l 
14 


IMC1495U 


Vy \ 
Vo" 
K Vx Vy 


I 
2RL 
,--- 
RX Ry 13 


3 b 


13 


'3 
'13 


If an operational amplifier is used for level shift, as shown 
in Figure 21, the output 
swing (of the multiplier) 
is greatly 
reduced. SeeSection 3 for further details. 


3. General Design Procedure 


Selection of component 
values is best demonstrated by the 
following example: 
assumeresistive dividers are used at the X and 


Y inputs to limit the maximum multiplier 
input to ±5.0 volts (VX "" 


VY(maxyfor 
a ±1Q-volt input (VX' "" Vy'(max))' 
(SeeFigure 211. 


If an overall scalefactor of 1/10 is desired, then 


v 
= VX' Vy' 
_12VXI 12Vyl 
_ 4110 VXVy 
• 
o 
10 
10 


Therefore, K "" 4/10 for the multiplier 
(excluding the divider 
network). 


Ste~ 1. The first step is to select current 13and current '1T 


There are no restrictions on the selection of either of these currents 
except the power dissipation of the device. 13and 113will normally 
be one or two milliamperes. 
Further, 13does not have to be equal 
to 113,and there is normally no need to make them different. 
For 
this example, let 


To set currents 13 and 113 to the desired value, it is only 


necessaryto connect a resistor between pin 13 and ground, and be· 
tween pin 3 and ground. 
From the schematic shown in Figure 3, 


'x 
'y 
"k 
'Ok 
" 
"k 


Vy 


'Ok 


MC1!i95l 
IMC1495U 
". 


Vx 


"k 
3 t'3 
t 113 
13 


'3{ 


12k 


50 
'13 
12. 


SCALE 
P3 


FACTOR 
ADJUST 


-lOV<Vx<+10V 
y OFFSET 
P, 


-IOV<Vy<+lOV 
ADJUST 


"k 
" 
+15 V 


5.1 V 


RJ 
~8kk 


( 
OUTPUT 
P4 
OFFSET 
ADJUST 


A13 + 500 n = \V-\-o.7 
v 
113 


A3 + 500 n = \V-I-o.7 
V 


13 


LetV-=-15V 


Then A 13 + 500 = 14.3 V or A 13 = 13.8 kn 


1 mA 


Let A13 = 12 kn 


Similarly, R3 = 13.8 kn 


Let A3 = 15 kn 


However, for applications which require an accurate scale factor, 
the adjustment 
of R3 and consequently. 
'3. offers a convenient 
method of making a final trim of the scale factor. 
For this reason, 


as shown in Figure 21, resistor R3 is shown as a fixed resistor in 
series with a potentiometer. 
For applications not requiring an exact scale factor 
(balanced 
modulator, 
frequency doubler, AGe amplifier, etc.l. pins 3 and 13 


can be connected together and a single resistor tram pin 3 to ground 
can be used. 
In this case, the single resistor would have a value of 
one-half the above calculated value for R13. 


Step 2. The 
next 
step 
is to select 
AX and 
Ry. 
To insure 
that the input transistors witl always be active, the following 
condi- 


tions should be met: 


A good rule of thumb 
is to make 13Ry ~ 
1.5 VY(max) 
and 
113AX;;' 
1.5 VXlmax). 


The larger the 13Ry and 113RX product in relation to Vy 


and Vx 
respectively. the more accurate the multiplier 
will be lsee 
Figures 17 and 18), 


since VX(max) 
= VY(max) 
= 5.0voltsthevalueof 
RX = Ry = 10 kn 


is sufficient. 


Step 3. Nowthat 
RX. Ry and 13have been chosen, Rl 
can 
be determined: 


2AL 
4 
K=---=- 


AXAyl3 
10 


or 
(21 (AL' 
= ~ 


(10kl 
(10k) 
(1 mAl 
10 


Step 4. To determine what power-supply voltage is necessary 
for this application, attention must be given to the circuit schematic 
shown in Figure 3. 
From the circuit schematic it can be seen that 
in order to maintain 
transistors 01, 02, 03 and 04 in an active 


region when the maximum input voltages are applied (VX' = Vy' 
= 


10 V or Vx = 5.0 V, Vy 
=' 5.0 V), their respective collector voltage 
should be at least a few tenths of a volt higher than the maximum 
input voltage. 
It should also be noticed that the collector voltage 
of transistors 03 and 04 are at a potential which is two diode-drops 
below the voltage at pin 1. Thus, the voltage at pin 1should be about 
two volts higher than the maximum 
input voltage. 
Therefore, to 
handle +5.0 volts at the inputs. the voltage at pin 1 must be at least 
+7.0 volts. let 
V1 = 9.0 Vdc. 


Since the current 
following 
into 
pin 1 is always equal to 
213. the voltage at pin 1 can be set by placing a resistor, R'I from 
pin 1 to the positive supply: 


Note that the voltage at the baseof transistors aS. 06, 07 and Os 
is one diode..<:Jropbelow the voltage at pin 1. Thus, in order that 
these transistors stay active, the voltage at pins 2 and 14 shouId be 
approximately 
halfway between the voltage at pin 1 and the positive- 
supply voltage. For this example. the voltage at pins 2 and 14 should 
be approximately 
11 volts. 


Step 5. level Shifting 


For dc applications. such asthe multiply, 
divide and square- 


root 
functions. 
it is usually desirable to convert the differential 
output 
to a single-ended output 
voltage referenced to ground. 


The circuit 
shown in Figure 22 performs this function. 
It can be 
shown that the output voltage of this circuit is given by: 


21Xly 
2 VXVy 


And since IA -IS = 12-114 = -1-3- 
= 13AXAy 


2ALVX'Vy' 


Then 
Vo "" ----- 


4RXRXl3 
where VX'Vy' 
is the voltage at the 


input to the voltage dividers. 


R, 
R, 


" 
v, 


v, 


'" 
v" 


R, 
R, 


III 


The choice of an operational amplifier 
for this application 
should 
have low bias currents, 
low offset 
current, 
and a high 


common·mode 
input voltage range as well as a high common-mode 
rejection ratio. 
The MC1556. and MC1741 operational amplifiers 


meet these requirements. 


Referring to Figure 21, the level shift components will be de- 


termined. 
When Vx = Vy = O. the currents 
12 and 114 will be equal 
to 113. In Step 3, RL was found 
to be 20 kn and in Step 4, V2 and 
V14 were found to be approximately 
11 volts. 
From this informa- 


tion, 
Ao can be found easily from the following 
equation (neglect- 


ing the operational amplifiers bias currentl: 


And for this example. 
~ 
+ 1 mA = 15 V -11 V 
20 kn 
Ro 


possible as shown in Figure 23 where Ry has b~n 
increased sub- 
stantially 
to improve the Y linearity, and RX decreasedsomewhat 
so as not to materially affect the X linearitY, this avoids increasing 
RL significantly 
in order to maintain a K of 0.1. 


The versatility 
of the MC1595 
(MC14951 allows the user to 
to optimize 
its performance 
for vanous input 
and output 
signal 
levels. 


4. 
Offset and Scale Factor Adjustment 


4.1 
Offset Voltages 
Within the monolithic 
multiplier 
(Figure 3) transistor base- 


emitter junctions are typically matched within 1mV and resistors 
are typically 
matched within 
2%. Even with this careful match- 


ing, an output 
error can occur. 
This output error is comprised 
of X-input 
offset voltage, V-input offset voltage, and output- 


offset voltage. Theseerrors can be adjusted to zero with the tech- 
niques shown in Figure 21. 
Offset terms can be shown ana- 


lytically 
by the transfer function: 


Where K 
= scalefactor 
VX 
= X Input voltage 


Vv 
= V input voltage 


V'I0 X 
= X Input offset voltage 


VIOV 
'" Y input offset voltage 


Vx off= 
X lOput offset adjust voltage 


Vv off = Y Input offset adjust voltage 
Voo 
= output offset voltage. 


1.5k 
" 
" 
" 


10 


10k 
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v'y 
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-vx Vy 
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10k 
13 
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13k 
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12k 
" 
10' 
OUTPUT 


SCALE 
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FACTOR 
AOJUST 


ADJUST 


y OFFSET 
X OFFSET 
ACJUST 
ADJUST 


20' 
15k 
15k 
+15V 
-15V 
20k 


2k 
2k 
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o 
Output 
Offset 


Vx 


X Offset 
Y Offset 


For most de applications, all three offset adjust potentiome- 


ters (Pl. P2. P4) will be necessary. One or more offset adjust 
potentiometers 
can be eliminated for aeapplications 
{See Figures 
28, 29, 30, 311. 


If well regulated supply voltages are available. the offset ad- 
just circuit of Figure 13-;5 recommended. 
Otherwise. the circuit 


of 
Figure 
14 will 
greatly 
reduce 
the sensitivity 
to power 
supply 
changes. 


4.2 
Scale Factor 


The scale factor, 
K, is set by P3(F igu[e 211. P3 varies 13which 
inversely controls the scale factor K. 
It should be noted that 
current 
13 is one·half 
the current 
through 
R,. 
Rl 
sets the bias 
level for 05. 06. 07. and 08 
(SeeFigure 3), Therefore. to be 
surethat thesedevicesremain active under all conditions of input 
and output swing, care should be exercised in adjusting P3 over 
wide voltage ranges {see Section 3, General Design Procedure!' 


4.3 Adjustment Procedures 


The following 
adjustment procedure should be used to null 
the offsets and set the scale factor for the multiply 
mode of 
operation. 
(SeeFigure 21) 


1. X Input Offset 
(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 


"y" 
input (pin 4) 
(b) Connect "X" 
input lpin 9) to ground 
(c) Adjust X offset potentiometer, 
P2. for an ac null 
at the output 
2. Y Input Offset 
la) Connect oscillator 11kHz. 5 Vpp sinewave) to the 
"X" 
input (pin 9) 
(b) Connect "Y" 
input (pin 4) to ground 
(e) Adjust "Y" offset potentiometer, Pl,for an ac null 
at the output 
3. Output Offset 
(a) Connect both 
"X" 
and "Y" 
inputs 
to ground 
(b) Adjust output offset potentiometer. 
P4. until the 
output voltage Vo is zero volts de 
4. Scale Factor 
la) Apply 
+10 Vdc to both the "X" 
and "Y" 
inputs 
(b) Adjust 
P3 to achieve + 10.00 V at the output. 
5. Repeat steps 1 through 4 as necessary. 


The ability to accurately adjust the MC1595 (MC1495) 
depends upon the characteristics of potentiometers 
Pl 
through P4. Multi-turn. 
infinite 
resolution potentiomet- 


ers with low-temperature coefficients are recommended. 


5. DC Applications 


5.1 Multiply 
The circuit 
shown in Figure 21 may be used to multiply 
signals from 
de to 100 kHz. 
Input levels to the actual multi- 
plier are 5.0 V (max). 
With resistive voltage dividers the maxi· 


mum could be very large - 
however, for this application two- 


to-one dividers 
have been used so that 
the maximum 
input 
level is 10 V. The maximum output level has also been designed 
for 10 V (max). 


5.2 Squaring Circuit 


If the two inputs are tied together. the resultant function 
is 
squaring; that is Vo = KV2 where K is the scale factor. 
Note 
that all error terms can be eliminated wit" 
only three adjustment 
potentiometers. thus eliminating one of the input offset adjust- 
ments. 
Procedures for nulling with 
adjustments are given as 
follows: 


1. AC Procedure: 


(al Connect oscillator (1 kHz. 15 Vpp) to input 
(b) Monitor 
output 
at 2 kHz with 
tuned voltmeter 
and adjust P3 for desired gain (be sure to peak response 
of the voltmeter) 
Ie) Tune voltmeter to 1 kHz and adjust Pl for a min- 
imum output voltage 
(d) Ground input 
and adjust P4 (output 
offset) for 


zero volts dc output 


(e) Repeat steps a through d as necessary. 


2. DC Procedure: 


(a) Set Vx = Vy = 0 V and adjust P4 (output offset 
potentiometer) 
such that Vo = 0.0 Vdc 


(b) Set Vx 
= Vy 
= 1.0 V and adjust Pl 
(Y"input 
offset 
potentiometer) 
such that 
the output 
voltage is 
+0.100 volts 
(e) Set Vx 
= Vy 
= 10 Vdc and adjust P3 such that the 
output voltage is + 10.00 volts 
td) Set Vx 
= Vy 
= -10 Vdc. 
Repeat steps a through 
d as necessary. 


II 


5.3 Divide Circuit 


Consider the circuit shown in Figure 24 in which the multi- 


plier is placed in the feedback path of an operational amplifier. 
For this configuration, 
the operational amplifier 
will maintain 
a "virtual ground" at the inverting (-) input. 
Assuming that the 
bias current of the operational amplifier is negligible, then 11 = 
12and 
KVXVy 
= -VZ 


Al 
A2 
III 


-Al 
Vz 
121 
Solving for Vy, 
Vy =R2i( 
Vx' 


If 
Al = A2 
-VZ 
Vy=-- 
(31 
KVX 


If 
At =KA2 
-VZ 
(41 
Vy =-_. 


Vx 


Hence,the output voltage is the ratio of Vz to Vx 
and provides 
adivide function. 
This analysis is,of course, the ideal condition. 


If the multiplier error is taken into account, the output voltage 
is found to be 


Vy = _ [~] 
Vz + "E 
• 
A2 K Vx 
KVX 


where 6E is the error voltage at the output of the multiplier. 
From this equation, it is seen that divide accuracy is strongly 
dependent upon the accuracy at which the multiplier 
can be 
set, particularly 
at small values of Vy. 
For example, assume 
that R1 = R2, and K = 1/10. 
For these conditions the output 
of the divide circuit is given by: 


-10VZ 
10"E 
Vy=--- 
+-- 
Vx 
Vx 


From equation 6, it is seen that only when Vx 
= 10 V is the 
error voltage of the divide circuit 
as low as the error of the 
multiply 
circuit. 
For example, when Vx 
is small, (0.1 volt) 
the error voltage of the divide circuit can be expected to be a 
hundred times the error of the basic multiplier circuit. 


In terms of percentageerror, 


AE 


KVX 
[A2]"E 
P.EO 
=r Al 
] Vz = R1 VZ . 


[A2 K 
Vx 


From equation 7, the percentage error is inversely related to 
voltage Vz 
(i.e., for increasing values of VZ, 
the percentage 
error decreases). 
A circuit 
that performs the divide function 
is shown in 
Figure 25. 


Two things should be emphasizedconcerning Figure 25. 
1. The input voltage (V'XI 
must be greater than zero and 
must be positive. 
This insures that the current out of 
pin 2 of the multiplier will always be in a direction com· 


patible with the polarity of VZ. 


2. Pins 2 and 14 of the multiplier 
have been interchanged 
in respect to the operational amplifiers input terminals. 
In this instance, Figure 25 differs from the circuit connec- 
tion shown in Figure 21; necessitatedto insure negative 
feedback around the loop. 


A SuggestedAdjustment Procedure for the Divide Circuit 


1. Set Vz = 0 volts and adjust the output offset potentio- 
meter (P4) until the output voltage (Vo' remains at some 
(not 
necessarily zero) constant value as VX' 
is varied 
between +1.0 volt and +10 volts. 


2. Keep Vz at 0 volts, set VX' at +10 volts and adjust the 
y input offset potentiometer 
(P,) 
until 
Vo 
= 0 volts. 


3. 
Let VX' 
= Vz and adjust the X input offset potentio- 
meter (P2) until the output voltage remains at some (not 
necessarily - 10 volts) constant value as Vz 
= VX' 
is 
varied between +1.0 and +10 volts. 


4. 
Keep VX' = Vz and adjust the scalefactor potentiometer 
(P3) until the averagevalue of Vo is - 10 volts as Vz 
= 


VX' is varied between + 1.0 volt and + 10 volts. 


5. Repeat steps 1 through 4 as necessaryto achieve opti· 


mum performance. 


5.4 Square Root 


A specialcaseof the divide circuit in which the two inputs to 
the multiplier areconnected together is the square root function 


as indicated 
in 
Figure 
26. 
This 
circuit 
may 
suffer 
from 
latch-up problems similar to those of the divide circuit. 
Note 


;,hat only one polarity 
of input is allowed and diode clamping 
(seeFigure 271 protects against accidental latch-up. 
This circuit also may be adjusted in the closed-loop mode as 


follows: 


1. Set Vz to -0.01 
volts and adjust P4 (output offset) for 
Vo ::: +0.316 volts, being careful to approach the output 
from the positive side to preclude the effect of the out- 
put diode clamping. 


2. Set Vz to -0.9 
volts and adjust P2 (X adjust) for Vo::: 


+3.0 volts. 


3. Set Vz to -10 
volts and adjust P3 (scale factor adjust) 


for Vo:::: +10 volts. 


4. 
Steps 1 through 3 may be repeated as necessaryto achieve 
desired accuracy. 


6. 
AC Applic8tions 


The applications that follow 
demonstrate the versatility 
of the 
monolithic 
multiplier. 
If 
a potted 
multiplier 
is used for these 
cases,the results generally would not be asgood becausethe potted 
units have circuits that, although they optimize dc multiplication 
operation, can hinder ac applications. 


6.1 
Frequency doubling often is done with a diode where the 
fundamental plus 8seriesof harmonics are generated. However, 
extensive filtering 
is raquired to obtain the desired harmonic, 


and the second harmonic obtained under this technique usually 
is small in magnitude and requires amplifIcation. 


When 8 multiplier 
is used to double frequency the second 


harmonic is obtained directly, 
except for a dc term, which can 
be removed with 
BC coupling. 


KE2 
e" 
::: _ 
(1 + cos 2wtJ. 


2 


A potted 
multiplier 
can be used to obtain the double fre- 
quency component. 
but 
frequency 
would 
be limited 
by its 
Internal level-shift amplifier. 
In the monolithic 
units. the ampli- 


fier is omitted. 


In a typIcal doubler circuit, conventional ±. 15-volt supplies 
are used. An input dynamic range of 5.0 volts peak-to-peak is 
allowed. 
The circuit generates wave-forms that are double fre- 


quency; lessthan 1%distortion 
is encountered without 
filtering. 


The configuration 
has been successfully used in excess of 200 
kHz; reducing the scale factor by decreasing the load resistors 
can further expand the bandwidth. 
A slightly 
modified 
version of the MC1595 
(MC14951 - 


the MC1596 (MC1496) - hasbeen successfully usedasa doubler 
to Obtain 400 MHz. (SeeFigure 28,) 


6.2 Figure 
29 represents an application 
for 
the monol ith ic 
multiplier asabalanced modulator. 
Here, the audio input signal 


is 1.6 kHz and the carrier is 40 kHz. 


FIGURE 27 - SQUARE ROOT CIRCUIT 
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ADJUST 
= 


m 


KEcEm 
-2-- 
(cas (we 
+ wml t + cos (we - wmltJ 


where we 
is the carrier frequency. wm 
is the modulator fre- 
quency and K is the multiplier 
gain constant. 


AC coupling at the output eliminates the need for level trans- 


lation or an operational amplifier; a higher operating frequency 
results. 
A problem 
common 
to communications 
is to 
extract 
the 


intelligence from single-sideband received signal. The ssb signal 
is of the form 


If the frequency of the band-limited 
carrier signal, we. is ascer- 


tained in advance the designer can insert a low-pass filter 
and 


obtain 
the IAK/2) 
(cas wet) 
term with ease. 
He also can use an 
operational amplifier for a combination level shift-active filter, 
as an external component. 
But in potted multipliers. 
even if 
the frequency range can be covered, the operational 
amplifier 
is inside and not accessible, so the user must accept the level 
shifting provided, and still add a tow-pass filter. 


6.3 Amplitude 
Modulation 


The multiplier 
performs 
amplitude 
modulation, 
similar to 
balanced modulation, when adc term is added to the modulating 
signal with 
the Y offset adjust potentIometer. 
(See Figure 30.) 


Em(1 + m cos wmtl Ec cos wet = 
KEmEccos wct + 


KEmEcm 
--2-- 
[coslwc + wmlt 
+ cos lwc - wmltl 


where m indicates the degree of modulation. 
Since m is adjust- 
able, via potentiometer 
Pl, 100% modulation 
is possible. With- 
out extensive tweaking, 96% modulation 
may beobtained where 


Wc and wm are the same asIn the balanced-modulator 
example. 


6.4 
Linear Gain Control 


To obtain linear gain control, 
the designer can feed to one 


of the two MC1595 (MC149S1 inputs a signal that will vary the 
unit's gain. The following 
example demonstrates the feasibility 


of 
this application. 
Suppose a 200 kHz sine wave, 1.0 volt 


peak-to-peak, is the signal to which a gain control will be added. 
The dynamic 
range of the control voltage Vc is 0 to +1.0 volt. 


These must be ascertained and the proper values of RX and Ry 
can be selected for optimum 
performance. 
For the 200·kHz 
operating frequency, load resistors of 100 ohms were chosen to 
broaden the operating bandwidth of the multiplier, 
but gain was 


sacrificed. It may be made up with an amplifier operating at the 
appropriate frequency. 
(See Figure 31.1 


c,' 


'SElECT 1 


" 
eo'" 2{jcos2Wl 


When two eQult COSineWi!vesale apphedto 
Xand v, 


IheresultlSlwaveshapeollwicetheinpulffequency 
fOithlseumpietheinplilWasal0kHlsiQnatolltplit 
was 20 kHl. 


(AI 
Ay 
AX 
8.a 
8.2k 


11 
I'"' 
, 
3k 
ty'" 
E C05"-'ml 


eX'" E cos"-'cl 


A, 
1 
3.3k 


OffSET 
A, 


ADJUST 
14 
33' 


'SElECT f" 
'" 
1.01lfI 


.. 


~15v 


(BI 


FIGURE 30 - AMPLITUDE 
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The signal is applied 
to the 
unIt's 
Y Input. 
Since the total 
input range is limited to 1.0 volt P-P. a 2.Q.volt swing, a current 
source of 2.0 mA and an Ay 
value of 1.0 kilohm is chosen. 
This 
takes best advantage of the dynamic 
range and insures 
linear operation 
in the Y -channel. 


Since the X input varies between 
0 and +1.0 volt, the current 
source selected was 1.0 mA and the RX value chosen was 2.0 
kilohms. 
This also insures linear operation over the X input 
dynamic range. 


Choosing RL = 100 assureswide-bandwidth 
operation. 
Hence, 


the scale factor 
for this configuration 
is 


RL 


K = RXRyl3 


100 
V-l 


12 kill 
kl12 
x 10+31 


The 2 In the numerator 
of the equation is missing in this scale- 
factor 
expression 
because the output 
is singte-ended and ac 
coupled. 


To recover the gain, an MC1552 video amplifier 
with a gain 
of 40 is used. 
An operational 
amplifier 
also could have been 
used with 
frequency 
compensation 
to allow 
a gain of 40 at 
200 kHz. 
The MC1539 operational 
amplifier 
can be tailored for 
this use; and the MC1520 operational 
amplifier 
does it directly. 
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lineargaintontrol 
ofa 
l·vOlt peak·lo·puk 
signal IS 
performed with a O·\o·l·voh control voltage 
1I VCIS 
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III 


Temperature 
Range 


O·Cto +70·C 
O·Cto + 70·C 
O·Cto +70·C 


- 55·C to + 125·C 
O·Cto +70·C 


Package 


50-14 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
50-14 


MC3456D 
MC3456L 
MC3456P 
MC3556L 
NE556D 


Specifications 
and Applications 
Information 


The MC3556/MC3456 
dual timing 
circuit 
is a highly 
stable 
con- 
troller 
capable 
of producing 
accurate 
time 
delays, 
or oscillation. 
Additional 
terminals 
are provided 
for 
triggering 
or resetting 
if 
desired. 
In the time delay 
mode of operation, 
the time is precisely 
controlled 
by one external 
resistor 
and capacitor 
per timer. 
For 
astable 
operation 
as an oscillator, 
the free running 
frequency 
and 
the 
duty 
cycle 
are both 
accurately 
controlled 
with 
two 
external 
resistors 
and one capacitor 
per timer. The circuit 
may be triggered 
and 
reset 
on 
falling 
waveforms, 
and 
the 
output 
structure 
can 
source 
or sink up to 200 mA or drive 
MTTL circuits. 


• 
Direct 
Replacement 
for NE556/SE556 
Timers 


• 
Timing 
From 
Microseconds 
Through 
Hours 


• 
Operates 
in Both Astable 
and Monostable 
Modes 


• 
Adjustable 
Duty Cycle 


• 
High Current 
Output 
Can Source 
or Sink 200 mA 


• 
Output 
Can Drive 
MTTL 


• 
Temperature 
Stability 
of 0.005% per ·C 


• 
Normally 
"On" 
or Normally 
"Off" 
Output 


• 
Dual Version 
of the Popular 
MC1455 Timer 


Vcc 
14 


21121 
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Control 
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Voltage 
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k 
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Trigger 
5191 


6 (8) 
5.0 k 


MC3456 
MC3556 


DUAL 
TIMING 
CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE~ 
CASE 632-08 
~ 


14 ~'(JfHH 


1 


P SUFFIX 
PLASTIC PACKAGE•• 


D SUFAX 
PLASTIC PACKAGE 
CASE 751-02 
50-8 


TYPICAL APPLICATIONS 


• 
Time 
Delay 
Generation 


• 
Sequential 
Timing 


• linear 
Sweep Generation 


• 
Precision 
Timing 


• 
Pulse 
Generation 


• 
Pulse Shaping 
• 
Missing 
Pulse 
Detection 
• 
Pulse Width Modulation 


• 
Pulse Position 
Modulation 


Rating 
Symbol 
Value 
Unit 


Power Supply 
Voltage 
VCC 
+18 
Vdc 


Discharge Current 
Idis 
200 
mA 


Power DISSipatIon (Package 
Po 


LimItation) 
Ceramic Dual-In-Line 
Package 
1000 
mW 


Derate above TA = +2SoC 
6.6 
mW/oC 


Plastic Dual In-Line 
Package 
625 
mW 


Derate above TA 
= +2SoC 
5.0 
mWJOC 


Operating Ambient 
Temperature 
TA 
°c 
Range 
MC3556 
-55 
to +125 


MC3456 
o to +70 


Storage Temperature 
Range 
T 519 
-65 to + 150 
°c 


Teu 
C"CUII 
10' Me,uu"ng 
dc P.,.met 
•• s 
Ita sel output 
.nd me.su •• pa,.me,.rsl 
• 
W"'en Vs ••.'2/3 vec. 
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W•.••n Va ,s 10•••.p,n 7 I,nks current 
To test 10' R.set. 


set Va. high. apply Aeset ••.olteg •. and lesl 10' current 
lIo•••,ng,nlO 
d,scha,ge 
p,n When Aesel 's nOI ,n us•.• t 


should be I,ed to Vec 
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MC3556 
Me3456 


Charlete"stlC$ 
Symbol 
Min 
TVO 
M•• 
Moo 
TVO 
M•• 
Unit 


Supply 
Voltage 
Vce 
45 
18 
4.5 
16 
V 


UpplYLurrent 
'ce 
mA 


VCC" 
50V.RL 
,,00 
- 
6.0 
10 
- 
6.0 
'2 


VCC" 
15V.RL 
,,00 
- 
20 
24 
- 
20 
30 


Low State. 
[Nole 
1) 


Tlm,ng 
Error 
\Note 
21 


Monostable 
Mode 
AA 
= 2.0 kn 
10 100 kH 


In'T,al Accuracy 
C - 0 l;1F 
- 
05 
1.5 
- 
0.75 
- 
•. 


Or,ll 
wllh 
Temperature 
- 
30 
100 
- 
50 
- 
PPM"oC 


Dr"t 
wllh 
Supply 
Voltage 
- 
0.15 
0.2 
- 
0.1 
- 
%/Volt 


Astable 
Mode 
AA 
= AS" 
2 0 kH to 100 kll 
C -"0_01 "F 
Imtlal 
Accuracy 
- 
15 
- 
- 
2.25 
- 
•. 


Drill 
wIth Temperature 
- 
90 
- 
- 
150 
- 
PPM,oC 


Droll with 
Supply 
Voltage 
- 
015 
- 
- 
03 
"/Volt 


Threshold 
Voltage 
V'h 
2/3 
213 
xV"" 


Trtgger 
Voltage 
vT 
V 


VCC=15V 
4.8 
5.0 
5.2 
- 
50 
- 


VCC "5.0 
V 
1.45 
1.67 
1.9 
- 
1.67 


Trigger 
Current 
'T 
0.5 
0.5 
.A 


Reset 
Voltage 
VR 
04 
0.7 
1.0 
04. 
0.7 
1.0 
V 


Aeset Current 
'R 
- 
0.1 
- 
- 
01 
- 
mA 


Threshold 
Current 
lNote 
31 
'h 
0.03 
0.1 
003 
0.1 
.A 


Control 
Voltage 
Level 
VeL 
V 


VCC'"15V 
9.6 
10 
10.4 
9.0 
10 
11 


Vrr'"' 
5.0 V 
2.9 
3.33 
3.8 
2.6 
3.33 
4.0 


Output 
Voltage 
Low 
VOL 


IVCC'" 
15 VI 
V 


ISlnk·10mA 
- 
0.1 
0.15 
- 
0.1 
0.25 


Ismk'" 
50 mA 
- 
0.4 
0.5 
- 
0.4 
0.75 


ISlnk-100mA 
- 
2.0 
2.25 
- 
2.0 
2.75 


Isink'" 
200 mA 
- 
2.5 
- 
- 
2.5 
- 


IVCC'" 
5.0 VI 
I.ink 
.••8.0 mA 
- 
0.1 
0.25 
- 
- 
- 
,. 
·5.0 
mA 
0.25 
0.35 


Output 
VolteW' 
High 
VOH 
V 


(IIQurce" 
200 mAl 


VCC·15V 
- 
12.5 
- 
- 
12.5 
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lltQurce" 
100 mAl 
VCC·15V 
13 
13.3 
- 
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13.3 
- 
Vrr· 
5.0 V 
3.0 
3.3 
2.75 
3.3 
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The 
MC3556 
is a dual 
timing 
circuit 
which 
uses as its 
timing elements an external resistor - 
capacitor network. 
It can 
be used In 
both 
the monostable (one-shot) and astable modes 
with 
frequency 
and duty cycle controlled by the capacitor and 


resistor values. 
While the timing is dependent upon the external 


passivecomponents, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com- 
plete 
ti ming 
circuit. 
loternal 
to 
the 
integrated 
circuit 
are 
two 


comparators, one for the input signal and the other for capacitor 
voltage; also a flip-flop 
and digital output are included. 
The com- 
parator reference voltages are always a fixed ratio of the supply 
voltage thus providing output timing independent of supply voltage. 


A reset pin is provided to discharge the capacit.or thus inter- 


rupting the timing cycle. As long as the reset pin is low, the capaci- 
tor discharge transistor is turned "on" 
and prevents the capacitor 
from charging. While the reset voltage is apphed the digital output 
will remain the same. The reset pin should be tied to the supply 
voltage when not in use. 


Monostable Mode 


In the monostable mode, a capacitor and a single resistor are 


used for the timing network. 
Both the threshold terminal and the 


discharge transistor terminal are connected together in this mode, 
refer to circuit 
Figure 14. When the input voltage to the trigger 


comparator falls below 1/3 VCC the comparator output 
triggers 
the flip-flop 
so that it's output sets low. 
This turns the capacitor 
discharge transistor "off" 
and drives the digital output to the high 
state. 
This condition 
allows the capacitor to charge at an ex- 


ponential rate which is set by the AC time constant. 
When the 
capacitor voltage reaches 2/3 VCC the threshold comparator resets 
the flip-flop. 
This action discharges the ti ming capacitor and re· 


turns the digital output 
to the low state. 
Once the flip-flop 
has 
been triggered by an input 
signal, it cannot be retriggered until 
the present timing 
period has been completed. 
The time that the 


output 
is ryigh is given by the equation t '" 1.1 RA C. 
Various 


combinatio:u 
of Rand 
C and their a$$Ociatedtimes are shown in 
Figure 16. 
The trigger pulse width 
must be less than the timing 
period. 
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FIGURE 16 - TIME DELAY 
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(d, TIME DElAY 
(s) 


In the 
astable 
mode 
the 
timer 
is connected 
so 
that 
it will 


retrigger 
itself and 
cause the capacitor 
voltage 
to oscillate 
between 


1/3 VCC and 2/3 VCC' 
See Figure 17. 


The external 
capacitor 
charges 
to 2/3 VCC through 
RA and AS 


and discharges to 1/;3 VCC through 
AS- 
By varying the ratio of 


these 
resistors 
the 
duty 
cycle 
can 
be 
varied. 
The 
charge 
and 


discharge times are independent of the supply voltage. 


The charge time (output 
high) 
is given by: 11 "'"0.695 (RA +RS) C 


The discharge time (output 
low I by: 12;< 0.695 (AB) C 


Thus the total period is given by: T = 11 + 12 = 0.695 (RA +2RB) C 


The 
frequency 
of oscIllation 
IS then 
f = .!. = 
1.44 
T 
IRA+2RBI 
C 


and may be easily found 
as shown 
in Figure 
19. 


The duty 
cycle is given by: DC = ~ 


RA+2RB 


To 
obtain 
the 
maximum 
duty 
cycle 
AA 
must 
be 
as small 
as 


possible; 
but 
it must 
also 
be large enough 
to limit 
the discharge 
current 
(pin 7 current) 
within 
the maximum 
rating 
of the discharge 
transistor 
1200 mAl. 


The minimum 
value of AA is given by: 


RA;;" VCC (Vdcl 
;;" VCC (Vdc) 


'71AI 
0.2 


~: R L 


I 
I 
I 
5 (9) 


I 
Output 


1 ,.. 20 jJs/crn 
IRA = 5.1 k12. C = 0.01 pF. RL = 1.0 k!2: 
RB = 3.9 kIl. VCC = 15 V) 


TONE 
BURST GENERATOR 


For a tone burst generator the first timer is used as a 
monostable 
and 
determines 
the tone 
duration 
when 
trig· 


gered 
by 
a positive 
pulse 
at Pin 
6. The 
second 
timer 
is 


enabled 
by the 
high 
output 
of the 
monostable. 
It is con· 


nected 
as 
an 
astable 
and 
determines 
the 
frequency 
of 
the tone. 


DUAL 
ASTABLE 
MULTIVIBRATOR 


This dual 
astable 
multivibrator 
provides 
versatility 
not 
available 
with 
single 
timer 
circuits. 
The 
duty 
cycle 
can be 
adjusted 
from 
5% to 95%. The 
two 
outputs 
provide 
two 


phase 
clock 
signals 
often 
required 
in digital 
systems. 
It 


can also be inhibited 
by use of either 
reset terminal. 


Trigger 
5 
Output 


Trigger 
6 
Reset 
10 
1 
1/2 
MC3556 
Discharge 
3 
9 


2 
Con - 
Out- 
Thres- 
trol 
put 


Cl· 
hold 
Gnd 
0.01 
J,tF 


Reset 
4 
Thresh- 


old 


2 


+15 
V 


10 k 
10 
Reset 


R2 


Thresh- 
9 
old 


Output 
12 
III 


1/2 MC3556 
8 
13 


Trigger 
Discharge 


Control 


11 
Voltage 
C2 


'T' 


I 
I 


Gnd 


If the timer is triggered with 
a continuous 
pulse train in the 
monostable mode of operation, 
the charge ti me of the capacitor 
can be varied by changing the control 
voltage at pin 3. In this 
manner, the output 
pulse width 
can be modulated 
by applying 
a modulating signal that controls the threshold voltage. 


Test Sequences 


Several timers can be connected to drive each other for sequen- 


tial timing. An example is shown in Figure 24 where the sequence 
is started by triggering the first timer which runs for 10 ms. The 
output 
then switches low momentarily and starts the second timer 
which runs for 50 ms and so forth. 


FIGURE 
24 
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Surface 
Mount Technology 
is now being utilized to 
offer answers to many problems that have been created 
in the use of insertion 
technology. 


Limitations 
have been reached 
with insertion 
pack- 


ages and PC board technology. 
Surface Mount Tech- 
nology 
offers 
the opportunity 
to continue 
to advance 
the 
State-of-the-Art 
designs 
that 
cannot 
be accom- 
plished with Insertion 
Technology. 


Surface Mount Packages allow more optimum device 
performance 
with the smaller 
Surface 
Mount configu- 


ration. Internal lead lengths, parasitic capacitance 
and 
inductance 
that placed limitations on chip performance 
has been reduced. 


The lower profile of Surface Mount Packages allows 
more boards to be utilized in a given amount of space. 
They are stacked closer together 
and utilize less total 
volume than insertion 
populated 
PC boards. 
Printed circuit costs are lowered with the reduction 
of the number of board layers required. The elimination 
or reduction 
of the number of plated through 
holes in 
the board, 
contribute 
significantly 
to lower PC board 
prices. 
Surface 
Mount assembly 
does not require the prep- 
aration 
of components 
that are common 
on insertion 
technology 
lines. Surface Mount components 
are sent 
directly 
to the assembly 
line, eliminating 
an interme- 
diate step. 
Automatic 
placement equipment 
is available that can 
place Surface 
Mount components 
at the rate of a fe~ 
thousand 
per hour to hundreds 
of thousands 
of com- 
ponents 
per hour. 
Surface Mount Technology 
is cost effective, allowing 
the manufacturer 
the opportunity 
to produce 
smaller 
units and offer increased 
functions 
with the same size 
product. 


Linear and Interface 
Devices 
12-2 


Tape and Reel .. . . . . . . . . . . . . . . . . . .. 
12-5 


Surface Mount 
Technology 


II 


Surface Mount 
Technology 


Linear 
and 
Interlace 
Devices. 
Tape 
and 
Reel 


Standard 
Bipolar 
Logic, 
Bipolar 
Analog 
and 
MaS 
Integrated 
Circuits 


All 
the 
major 
bipolar 
analog 
fami,lies 
are 
now 
repre- 


sented 
in 
surface 
mount 
packaging. 
Standard 
SalC 
and 


PLCC 
packages 
are 
augmented 
by 
SaP-8 
and 
DPAK 
for 


Linear 
regulators. 
In addition, 
tape 
and 
reel 
shipping 
to 


the 
updated 
EIA-481 
A 
is 
now 
on 
line 
for 
the 
industry's 


largest 
array 
of op-amps, 
regulators, 
interface, 
data 
con- 


version, 
consumer, 
telecom 
and 
automotive 
Linear 
ICs. 


Device 
Function 
Package 


DAC-08CD,ED 
High-Speed 
8-Bit 
Multiplying 
D-to-A 
Converter 
SO-16 


LF347D 
Quad 
BIFET Operational 
Amplifiers 
SO-14 
LF351D 
Single 
BIFET Operational 
Amplifier 
SO-8 
LF353D 
Dual 
BIFET Operational 
Amplifiers 
SO-8 


LF412CD 
Dual 
BIFET 
High 
Power 
Operational 
Amplifiers 
SO-8 
LF441CD 
Single 
BIFET 
Low 
Power 
Operational 
Amplifier 
SO-8 


LF442CD 
Dual 
BIFET Low 
Power 
Operational 
Amplifiers 
SO-8 
LF444CD 
Quad 
BIFET 
Low 
Power 
Operational 
Amplifiers 
SO-14 
LM201AD 
General 
Purpose 
Adjustable 
Operational 
Amplifier 
SO-8 
LM208D,AD 
Precision 
Operational 
Amplifier 
SO-8 


LM211D 
High 
Performance 
Voltage 
Comparator 
SO-8 


LM224D 
Quad 
Low Power 
Operational 
Amplifiers 
SO-14 
LM239D,AD 
Quad 
Single 
Supply 
Comparators 
SO-14 
LM258D 
Dual 
Low 
Power 
Operational 
Amplifiers 
SO-8 
LM293D 
Dual Comparators 
SO-8 
LM301AD 
General 
Purpose 
Adjustable 
Operational 
Amplifier 
SO-8 
LM308D,AD 
Precision 
Operational 
Amplifier 
SO-8 
LM311D 
High 
Performance 
Voltage 
Comparator 
SO-8 
LM317LD 
Positive 
Adjustable 
100 mA 
Voltage 
Regulator 
SOP-8 


LM324D,AD 
Quad 
Low Power 
Operational 
Amplifiers 
SO-14 


LM339D,AD 
Quad 
Single 
Supply 
Comparators 
SO-14 
LM348D 
Quad 
MC1741 
Operational 
Amplifiers 
SO-14 
LM358D 
Dual 
Low Power 
Operational 
Amplifiers 
SO-8 
LM385D-1.2 
Micropower 
Voltage 
Reference 
Diodes 
SO-8 
LM385D-2.5 
Micropower 
Voltage 
Reference 
Diodes 
SO-8 
LM393D 
Dual Comparators 
SO-8 
LM833D 
Dual 
Audio 
Amplifiers 
SO-8 
LM2901D 
Quad 
Single 
Supply 
Comparators 
SO-14 


LM2902D 
Quad 
Low Power 
Operational 
Amplifiers 
SO-14 
LM2903D 
Dual Comparators 
SO-8 
LM2904D 
Dual 
Low Power 
Operational 
Amplifiers 
SO-8 


LM2931AD-5.0,D-5.0 
Low 
Dropout 
Voltage 
Regulator 
SOP-8 
LM2931CD* 
Adjustable 
Low 
Dropout 
Voltage 
Regulator 
SOP-8 
LM3900D 
Quad 
Single 
Supply 
Operational 
Amplifiers 
SO-14 
MC1377DW* 
Color 
Television 
RGB to PAUNTSC 
Encoder 
SO-20 
MC1378FN 
Video 
Overlay 
Synchronizer 
PLCC-44 
MC1403D 
Precision 
Low Voltage 
Reference 
SO-8 
MC1413D 
Peripheral 
Driver 
Array 
SO-16 
MC1436D,CD 
High 
Voltage 
Operational 
Amplifier 
SO-8 
MC1455D 
Timing 
Circuit 
SO-8 


MC1458D,CD 
Dual 
Operational 
Amplifiers 
SO-8 
MC1458SD 
High 
Slew 
Rate 
Dual 
Operational 
Amplifiers 
SO-8 
MC1488D 
Quad 
EIA-232C 
Drivers 
SO-14 


MC1489D 
Quad 
EIA-232C 
Receivers 
SO-14 
MC1496D 
Balanced 
Modulator-Demodulator 
SO-14 
MC1723CD 
Adjustable 
Positive 
Or Negative 
Voltage 
Regulator 
SO-14 
MC1733CD 
Differential 
Video 
Amplifier 
SO-14 
MC1741CD 
General 
Purpose 
Operational 
Amplifier 
SO-8 
MC1741SCD 
High 
Slew 
Rate Operational 
Amplifier 
SO-8 
MC1747CD 
Dual 
MC1741 
Operational 
Amplifiers 
SO-14 


MC1776CD 
Programmable 
Operational 
Amplifier 
SO-8 
MC26LS31D 
Quad 
EIA-422/3 
Drivers 
SO-16 


Device 
Function 
Package 


MC26lS32D 
Quad 
EIA-422 
Receivers 
50-16 
MC2831AD 
FM Transmitter 
50-16 
MC3346D 
General 
Purpose 
Transistor 
Array 
50-14 
MC3356FN 
FSK Receiver 
PlCC-20 
MC3357D 
low 
Power 
FM IF Amplifier 
50-16 
MC3359DW 
low 
Power 
Narrowband 
FM IF Amplifier 
50-20 
MC3361D 
low 
Voltage 
Narrowband 
FM IF Amplifier 
50-16 
MC3362DW 
Dual 
Conversion 
Receivers 
50-28 
MC3363DW* 
Dual Conversion 
Receivers 
50-28 


MC3367DW 
low 
Voltage 
VHF Receiver 
50-28 
MC3371D* 
low 
Voltage 
FM Receiver 
with 
RSSI 
50-16 
MC3401D 
Quad 
Operational 
Amplifiers 
50-14 
MC3403D 
Quad 
Differential-Input 
Operational 
Amplifiers 
50-14 
MC3423D 
Overvoltage 
Sensing 
Circuit 
50-8 
MC3448AD 
Quad 
GPIB Transceivers 
50-16 
MC3450D 
Quad 
Line Receivers 
50-16 
MC3452D 
Quad 
Line Receivers 
50-16 
MC3458D 
Dual 
Low Power 
Operational 
Amplifiers 
50-8 
MC3486D 
Quad 
EIA-422/3 
Receivers 
50-16 


MC3487D 
Quad 
EIA-422 
Drivers 
50-16 
MC4558CD 
Dual High 
Frequency 
Operational 
Amplifiers 
50-8 
MC4741CD 
Quad 
MC1741 
Operational 
Amplifiers 
50-14 
MC78l05ACD 
Positive 
Voltage 
Regulator, 
5 V, 100 mA 
SOP-8 
MC78l08ACD 
Positive 
Voltage 
Regulator, 
8 V, 100 mA 
SOP-8 
MC78l12ACD 
Positive 
Voltage 
Regulator, 
12 V, 100 mA 
SOP-8 
MC78l15ACD 
Positive 
Voltage 
Regulator, 
15 V, 100 mA 
SOP-8 
MC78M05CDT* 
Positive 
Voltage 
Regulator, 
5 V, 500 mA 
DPAK 
MC78M12CDT* 
Positive 
Voltage 
Regulator, 
12 V, 500 mA 
DPAK 
MC78M15CDT* 
Positive 
Voltage 
Regulator, 
15 V, 500 mA 
DPAK 


MC79l05ACD 
3-Terminal 
Negative 
Fixed Voltage 
Regulator, 
-5 
V, 100 mA 
SOP-8 
MC79l12ACD 
3-Terminal 
Negative 
Fixed Voltage 
Regulator, 
- 12 V, 100 mA 
SOP-8 
MC79l15ACD 
3-Terminal 
Negative 
Fixed Voltage 
Regulator, 
-15 
V, 100 mA 
SOP-8 
MC79M05CDT* 
3-Terminal 
Negative 
Fixed Voltage 
Regulator, 
- 5 V, 500 mA 
DPAK 
MC79M12CDT* 
3-Terminal 
Negative 
Fixed Voltage 
Regulator, 
-12 
V, 500 mA 
DPAK 
MC79M15CDT* 
3-Terminal 
Negative 
Fixed Voltage 
Regulator, 
-15 
V, 500 mA 
DPAK 
MC13022DW* 
Medium 
Voltage 
AM Stereo 
C-QUAM 
Decoder 
50-28 
MC13024DW* 
low 
Voltage 
C-QUAM 
Receiver 
50-24 
MC13041DW* 
AM 
Receiver 
Subsystem 
50-20 
MC13055D 
VHF LAN Receiver 
- 
FSK 
50-16 


MC13060D 
1 wan 
Audio 
Amp 
SOP-8 
MC33077D 
Dual, 
low 
Noise 
High 
Frequency 
Operational 
Amplifiers 
50-8 
MC33078D 
Dual Audio, 
Low Noise 
Operational 
Amplifiers 
50-8 
MC33079D 
low 
Power, 
Single 
Supply 
Operational 
Amplifier 
50-14 
MC33171D 
Single, 
low 
Power, 
Single 
Supply 
Operational 
Amplifier 
50-8 
MC33172D* 
Dual, 
low 
Power, 
Single 
Supply 
Operational 
Amplifiers 
50-8 
MC33174D* 
Quad, 
low 
Power, 
Single 
Supply 
Operational 
Amplifiers 
50-14 
MC33282D* 
Dual Precision 
low 
Input 
JFET Operational 
Amplifiers 
50-14 
MC33284D* 
Quad 
Precision 
JFET Operational 
Amplifiers 
(Trim-in-the-Packagel 
50-14 
MC34001 D,AD,BD 
Single 
JFET Input 
Operational 
Amplifier 
50-8 


MC34002D,AD,BD 
Dual JFET Input 
Operational 
Amplifiers 
50-8 
MC34004D,BD 
Quad JFET Input 
Operational 
Amplifiers 
50-14 
MC34011AFN 
Electronic 
Telephone 
Circuit 
PlCC-44 
MC34012-1D 
Telephone 
Tone 
Ringer 
50-8 
MC34012-2D 
Telephone 
Tone 
Ringer 
50-8 
MC34012-3D 
Telephone 
Tone 
Ringer 
50-8 
MC34013AFN 
Speech 
Network 
and Tone 
Dialer 
PlCC-28 
MC34014FN 
Telephone 
Speech 
Network 
with 
Dialer 
Interface 
PlCC-20 
MC34017-1D 
Telephone 
Tone 
Dialer 
50-8 
MC34017-2D 
Telephone 
Tone 
Dialer 
50-8 


MC34017-3D 
Telephone 
Tone 
Dialer 
50-8 
MC34018DW 
Voice 
Switched 
Speakerphone 
Circuit 
50-28 
IfI 


Device 
Function 
Package 


MC34018FN 
Voice 
Switched 
Speakerphone 
Circuit 
PLCC-28 
MC34060AO* 
Switch mode Pulse Width 
Modulation 
Control 
Circuit 
50-14 
MC34063AO 
Precision 
DC-to·DC 
Converter 
Control 
Circuit 
50-8 
MC340710 
Single, 
High 
Speed, 
Single 
Supply 
Operational 
Amplifier 
50-8 
MC340720* 
Oual, High 
Speed, 
Single 
Supply 
Operational 
Amplifiers 
50-8 
MC340740* 
Quad, 
High 
Performance, 
Single 
Supply 
Operational 
Amplifiers 
50-14 
MC340800 
High 
Speed 
Decompensated 
(AVCL 
'" 21 JFET Input 
Operational 
Amplifier 
50-8 
MC34081 0 
High 
Speed 
JFET Input 
Operational 
Amplifier 
50-8 
MC341140W 
Speech 
Network 
II 
50-18 
MC341180W 
Speakerphone 
II 
50-28 


MC34119D 
Telephone 
Speaker 
Amplifier 
50-8 
MC341290 
Power 
Supply 
Controller 
50-14 
MC34181D 
Single, 
Low 
Power, 
High 
Speed 
JFET Operational 
Amplifier 
50-8 
MC341820 
Dual. 
Low Power, 
High 
Speed 
JFET Operational 
Amplifiers 
50-8 
MC341840 
Quad, 
Low 
Power, 
High 
5peed 
JFET Operational 
Amplifiers 
50-14 
MC44301DW*t 
High 
Performance 
Video 
IF 
50-28 
NE5920 
Video 
Amplifier 
50-14 
TL061CO 
Single 
BIFET Low 
Power 
Operational 
Amplifier 
50-8 
TL062CO 
Oual BIFET Low 
Power 
Operational 
Amplifiers 
50-8 
TL064CO 
Quad 
BIFET Low 
Power 
Operational 
Amplifiers 
50-14 


TL071 CO,ACD,BCD 
5ingle, 
Low 
Noise 
JFET Input 
Operational 
Amplifier 
50-8 
TL072CO,ACO,BCO 
Oual, 
Low 
Noise 
JFET Input 
Operational 
Amplifiers 
50-8 
TL074CO,ACO,BCO 
Quad, 
Low 
Noise 
JFET Input 
Operational 
Amplifiers 
50-14 
n081CO,ACO,BCD 
Single, 
JFET Input 
Operational 
Amplifier 
50-8 
TL082CO,ACO,BCO 
Oual, JFET Input 
Operational 
Amplifiers 
50-8 
TL084CO,ACO,BCO* 
Quad, 
JFET Input 
Operational 
Amplifiers 
50-14 
TL431CO 
Programmable 
Precision 
Reference 
50P-8 
TYA13500 
IF Amplifier 
(M13500) 
50-8 
UAA1041D 
Automotive 
Direction 
Indicator 
50-8 
UC2842AD 
Off-Line 
Current 
Mode 
PWM 
Controller 
50-14 


UC2843AO 
Current 
Mode 
PWM 
Controller 
50-14 
UC3842AO 
Off-Line 
Current 
Mode 
PWM 
Controller 
50-14 
UC3843AO 
Current 
Mode 
PWM 
Controller 
50-14 


GY 


Tape and Reel 
o 
Standard 
Bipolar 
Logic, Bipolar Analog 
and MOS Integrated 
Circuits 


Motorola has now added the convenience 
of Tape and Reel 
packaging 
for our growing 
family of standard 
Integrated 
Cir- 


cuit products. 
Two 
reel sizes 
are available, 
for all but the 
largest types, 
to support 
the requirements 
of both first and 


second generation pick-and-place 
equipment. 
The packaging 
fUlly conforms 
to the latest EIA-481A specification. 
The anti- 


static embossed 
tape provides 
a secure cavity, sealed with 
a peel-back 
cover tape. 


PLCC DEVICES 


TYPICAL 
TYPICAL 


1 
I 
t 
I 
I 
I 
I 
I 
0-0-0-0-0-0-0-0 
'899' 


Tape & Reel 
Tape Width 
Device 
Reel Size· 
Lot Size(l) 
Device 
Package 
(mm) 
per Reel 
(inch) 
(Min) 
Suffix 


SO-8, SOP-8 
12 
750 
7 
5,000 
Rl 


12 
2,500 
13 
5,000 
R2 


SO-14 
16 
750 
7 
5,000 
Rl 


16 
2,500 
13 
5,000 
R2 


SO-16 
16 
750 
7 
5,000 
Rl 


16 
2,500 
13 
5,000 
R2 


SO-16l 
(WIDE) 
16 
250 
7 
5,000 
Rl 


16 
1,000 
13 
5,000 
R2 


SO-20l 
(WIDE) 
24 
250 
7 
5,000 
Rl 
24 
1,000 
13 
5,000 
R2 


SO-24l 
(WIDE) 
24 
250 
7 
5,000 
Rl 
24 
1,000 
13 
5,000 
R2 


SO-28l 
(WIDE) 
24 
200 
7 
3,000 
Rl 
24 
1,000 
13 
3,000 
R2 


PlCC-20 
16 
200 
7 
3,000 
Rl 
16 
1,000 
13 
3,000 
R2 


PlCC-28 
24 
200 
7 
2,400 
Rl 
24 
500 
13 
2,500 
R2 


PlCC-44 
32 
200 
7 
2,000 
Rl 


32 
500 
13 
2,000 
R2 


PlCC-52 
32 
500 
13 
2,000 
R2 


PlCC-68 
44 
250 
13 
2,000 
R2 
PlCC·84 
44 
250 
13 
2,000 
R2 


TO-226AA(2) 
18 
1800 
13 
10,000 
RA, RB or RP only 


Notes: 1. Minimum lot size information applies to OEM customers ..Distributors may break lots or reels at their option. however broken reels may not 
be returned. 


2. Integrated Circuits in TO-226AA packages are available in Styles A and B only, with optional "Ammo Pack" (Suffix RPI. 


For ordering information 
please contact your local Motorola Semiconductor Sales Office. 


Distribution minimum order quantity is 1 reel. 
*ReeJ 
Size: 
7"/178 
mm. 
13"/330 
mm. 
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Packaging Information lEI 


The packaging availability for each device type is indicated on the individual data sheets and the Selector Guide. 


All of the outline dimensions for the packages are given in this section. 


The maximum power consumption an integrated circuit can tolerate at a given operating ambient temperature 
can be found from the equation: 


P 
_ TJ(max) - 
TA 
D(TA) - 
RIJJA(Typ) 


= Power Dissipation allowable at a given operating ambient temperature. This must be greater 
- 
than the sum of the products of the supply voltages and supply currents at the worst case 
operating condition. 


= Maximum Operating Junction Temperature as listed in the Maximum Ratings Section. See 


individual data sheets for TJ(max) information. 


= Maximum Desired Operating Ambient Temperature 
= Typical Thermal Resistance Junction to Ambient 


TJ(max) 


TA 


RIJJA(Typ) 


K SUFFIX 
CASE 1-03 
Metal Package 
ROJA = 45 


0 CIW(Typ) 


I_B-j~ 
L~ 
I 
.- 
I 
SEATING 
Le 
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PlANE 
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2Pl 
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~14>03010012l 
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Iwlv 
®I 
Q ®I 
, .-:;~rr; 


• 
/' 
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Lrn 
t 


Itl4>01510010} 
®Iwl 
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M1LUMETERS 
INCHES 
DIll 
MIN 
MAX 
M1N 
MAX 
8 
22.23 
0.875 


C 
6.35 
11.43 
0.250 
0.450 
D 
0.97 
1.09 
0.038 
0,043 


E 
- 
3.43 
- 
0,135 
F 
30.15 SSC 
1.1878se 
G 
10,928se 
0.430 8SC 


H 
5.46 sse 
0.215 SSC 
J 
16.89 BSC 
0.665 SSC 


K 
7,92 
0,312 
- 
Q 
3.84 
4.09 
0.151 
0,161 
S 
- 
13.34 
- 
0.525 


T 
- 
4.78 
- 
0.188 
V 
3.84 
4.09 
0.151 
0.161 . 


NOTES: 


1. DIMENSIONING 
AND TOLERANCING 
PER ANSI 


Y14,5M. 
1982, 


2. CONTROLLING 
DIMENSION: 
INCH, 


3, ALL RULES AND NOTES ASSOCIATED 
WITH 


REFERENCED TO·104AA 
OUTLINE 
SHALL APPLY, 


LP, P, Z SUFFIX 
MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
CASE 29-04 
liB 
A 
A 
4,31 
5.33 
0.170 
0110 


Plastic Package 
8 
4,45 
5,10 
0.175 
0,105 


RIIJA = 2000 elW 
lf1frl 


C 
3,18 
4,19 
0.115 
0,165 


D 
0.41 
0,55 
0.016 
0.011 


SEATING 
PlANE 
_ 
~ 
H 


F 
0.41 
0.48 
a,016 
0,019 


G 
1.15 
1,39 
0,045 
0,055 


F- 
L 
H 
- 
1,54 
- 
0.100 
.,/ 


-----.l 
K 
J 
1.41 
1.66 
0,095 
0,105 


K 
11.70 
- 
0,500 
- 
l. 


L 
6.35 
- 
0,250 
- 


N 
1,04 
1,66 
0,080 
0.105 
II 


P 
1,93 
- 
0,115 
- 
0j1i 
lOG 
R 
3.43 
- 
0,135 
- 


J~ 
~s 
S 
0,39 
0,50 
0.015 
0,010 


--. 
NOTES: 


3 
SECT.A·A 
1, CONTOUR 
OF PACKAGE BEYOND ZONE "P" 
IS 
II 


R 
C 


UNCONTROLLED. 


1, DIM "F" APPLIES BETWEEN 
"H" 
AND "L" 
DIM 


~ 


"0" 
& "S" 
APPLIES BETWEEN "L" 
& 11.70mm 


, 
23 
N 
10.5"1 FROM SEATING PLANE. LEAD DIM IS 


N 


UNCONTROLLED 
IN "H" 
& 8EYOND 
11.70mm 


10,5"} FROM SEATING PLANE, 


3. CONTROLLING 
DIM: INCH. 


G, H SUFFIX 
CASE 79-05 


Metal 
Package 


R6JA ~ 185' CIW(T~) ti 
fir 


NOTES: 


1. OIMENSIONING 
ANO TOlfRANCING 
PER ANSI 
YI4.5M, 
1982. 


2. CONTROLLING OIMENSION: 
INCH. 


3. OIMENSION J MEASURED FROM OIMENSION A 
MAXIMUM. 


4. OIMENSION 
B SHAll 
NOT VARY MOIRE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLlfD 
FOR 
AUTOMATIC 
HANOIUNG. 


5. OIMENSION 
F APPUES BETWEEN OIMENSION 
P 


AND L OIMENSION 
D APPUES BETWEEN 
OIMENSION L AND X MINIMUM. 
lfAD 
DIAMETER 
IS UNCONTllOLlfD 
IN OIMENSION P AND 


BEYOND OIMENSION X MINIMUM. 


MIllIMETERS 
MtI 
MAX 
9.02 
9.29 


8.01 
8.50 
4.20 
4.57 


0.44 
0.53 
0.44 
0.88 
0.41 
0.48 


5.08 BSC 
0.72 
0.86 
0.74 
1.01 


12.70 
19.05 


6.35 
- 


45°BSC 
1.27 


INCHES 
!IN 
MAX 
0.355 
0.366 


0.315 
0.335 
0.165 
0.180 


0.017 
0.021 
0.017 
0.035 
0.016 
0.D19 


0.200 BSC 
0.028 
0.034 


0.029 
0.040 
0.500 
0.750 


0.250 
- 


45"BSC 


- 
0.050 


--1~OlPl 


It 
I <b036 10014) @ 
ITI 
A@I 
H@I 


KC, T SUFFIX 
MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
CASE 221A-04 
A 
14.48 
15.75 
0.570 
0.620 
Plastic 
Package 
~ 
mnNG 
B 
9.66 
10.28 
0.380 
0.405 
PUNE 


ROJA = 65° CIW(Typ) u~c: 


F 
_ 
C 
C 
4.07 
4.82 
0.160 
0.190 


D 
0.64 
0.88 
0.025 
0.035 
Tl 
~ 
s 
F 
3.61 
3.73 
0.142 
0.147 
J- +.~ 
t 
I 


G 
2.42 
2.66 
0.095 
0.105 


H 
2.80 
3.93 
0.110 
0.155 


4 
J 
0.36 
0.55 
0.014 
0.022 
0 
a 
A 
uJ 


x 
12.70 
14.27 
0.500 
0.562 
j 
i 
' 
2 3 -t 


L 
1.15 
1.39 
0.045 
0.055 


N 
4.83 
5.33 
0.190 
0.210 


~' 
1· 


Q 
2.64 
3.04 
0.100 
0.120 


R 
2.04 
2.79 
0.080 
0.110 


K 
S 
1.15 
1.39 
0.045 
0.055 


1~ 


~ 
T 
5.97 
6.47 
0.235 
0.255 


U 
0.00 
1.27 
0.000 
0.050 
V 
1.15 
- 
0.045 
- 


Z 
- 
2.04 
- 
0.080 
2 
V_ 
3 
NOTES: 


G- E 


1. DIMENSIONING 
AND TOLERANCING PER ANSI 


-- 
0 


YI4.5M.I982. 


2. CONTROLLING OIMENSION: 
INCH. 
_N 
3. DIM Z DEFINES A ZONE WHERE All 
80DY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


T SUFFIX 
CASE 3140-01 
Plastic 
Package 
ROJA = 65° CIW(Typ) 
ia-va ]~. 
MILLIMETERS 
INCHES 
r-%l 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
15.49 
15.87 
0.610 
0.625 


B 
9.91 
10.41 
0.390 
0.410 


C 
4.32 
4.57 
0.170 
0.180 
L,J.s-t 


T 
D 
0.51 
1.01 
0.020 
0.040 


G 
1.45 
1.96 
0.057 
0.077 


J 
0.38 
0.63 
0.015 
0.025 


X 
12.70 
- 
0.500 
- 
II 
K 


Q 
3.53 
3.73 
0.139 
0.147 
lEI 


R 
0.89 
1.39 
0.035 
0.055 


" 
~ 


T 
9.02 
9.39 
0355 
0.370 


U 
12.70 
13.69 
0.500 
0.539 
'-+1-0 
-11-J 
NOTES: 
- _G 
1. DIMENSIONING 
AND TOlERANCING 
PER ANSI 


YI4.5M. 
1982. 


2. CONTROLLING DIMENSION: 
INCH. 


OT-1 
SUFFIX 
CASE 
369-03 
Plastic 
Package 


" 
2 
3 


OT SUFFIX 
CASE 
369A-03 
Plastic 
Package 
DPAK 


MILLIMETERS 
DIM 
MIN 
MAX 
A 
5.97 
6.22 
8 
6.35 
6.73 
C 
2.19 
2.38 
D 
0.69 
0.88 
E 
0.97 
1.06 


F 
0.64 
0.88 
G 
4.58 BSC 
H 
2.29 BSC 
J 
6.46 
0.58 
K 
2.59 
2.69 
L 
0.B9 
1.27 
S 
5.21 
5.46 
U 
0.51 
- 


V 
0.77 
1.14 


W 
0.84 
0.94 
Y 
4.32 


H, G SUFFIX 
CASE 
601-04 
Metal 
Package 


ROJA = 1600 CiW(Typ) 


INCHES 
MIN 
MAX 
0.235 
0.245 
0.250 
0.265 
0.OB6 
0.094 
0.027 
0.035 
0.038 
0.042 
0.025 
0.035 
0.160 BSC 
0.090 BSC 
0.018 
0.023 
0.102 
0.114 
0.035 
0.050 
0.205 
0.215 
0.020 
0.030 
0.045 
0.033 
0.037 
0.170 


s-B~ 
~Jly 
ill - --tt 


vJ 


!!!~ 


...-OJPL 


I tl 
013100051 ®I 
T 1 
~G- 


MILLIMETERS 
DIM 
MIN 
MAX 
A 
5.97 
6.22 


B 
6.35 
6.73 


C 
2.19 
2.38 


D 
0.64 
0.88 


E 
0.97 
1.06 


G 
2.29 BSC 


J 
0.46 
0.58 


K 
8.89 
9.65 


L 
0.89 
1.27 


S 
5.21 
5.46 


V 
0.77 
1.14 


W 
0.84 
0.94 


Y 
1.91 
2.28 


INCHES 
MIN 
MAX 


0.235 
0245 


0250 
0.265 
0.086 
0.094 
0.025 
0.035 
0.D38 
0.042 


0.090 BSC 
0.Q18 
0.023 


0.350 
0.380 
0.035 
0.050 
0.205 
0.215 
0.030 
0.045 
0.033 
0.037 
0.075 
0.090 


NOTES: 


1. SURFACE 'T' IS BOTH A DATUM AND A 


MOUNTING SURFACE 


2. DIMENSIONING AND TOLERANCING PERANSI 
Y14.5M,1982. 
3. CONTROLLING DIMENSION: INCH. 


,-rtjlt lE>TG 
4t 


F 


~ 
~y 
il- 
u 
-- 
Ci:L0-t~=+T 
I~ 
+ 
1·''''''·®I''~1i{1E; J~Ct 
1·1 
H 
NOTES 
---J 
1 SURFACE' T" IS BOTH A DATUM AND A 


MOUNTING SURFACE. 


2. DIMENSIONING AND TOLERANCING PERANSI 


Y14.5M,I982. 


3. CONTROLLING DIMENSION: INCH. 


,~ 
3 


MILLIMETERS 
MIN 
MAX 


8.51 
9.40 


7.75 
B.51 


4.19 
4.70 


0.41 
0.48 


0.25 
1.02 
0.25 
1.02 


5.08 BSC 
0.71 
0.88 


0.74 
1.14 
12.70 
- 


3.05 
4.06 


450 BSC 


2.41 
2.67 


INCHES 
MIN 
MAX 


0.335 
0.370 


0.305 
0.335 
0.165 
0.185 


0.016 
0.019 


0.010 
0.040 


0.010 
0.040 
0.200 BSC 
0.028 
0.034 
0.029 
0.045 


0.500 
- 


0.120 
I 
0.160 


450 BSC 


0.095 
I 0.105 


NOTE: 


1. LEADS WITHIN 0.25 mm 10.0101 
DIA OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 


H, G SUFFIX 
CASE 603-04 
Metal Can 
ROJA = 160 


0 CIW 


MllUMffiRS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
8.51 
9.39 
0.335 
0.370 


a 
7.75 
8.51 
0.305 
0.335 


C 
4.19 
4.70 
0.165 
0.185 


D 
0.407 
0.533 
0.Q16 
0.021 


E 
1.02 
- 
0.040 


F 
0.406 
0.483 
0.016 
0.019 


G 
5.84 8SC 
0.230 asc 


H 
0.712 
0.864 
0.028 
0.034 


J 
0.737 
1.14 
0.029 
0.045 


K 
12.70 
- 
0.500 
- 


l 
6.35 
12.70 
0.250 
0.500 


M 
38° 8SC 
36° 8SC 


P 
- 
1.27 
0.050 


Q 
3.56 
4.06 
• 0.140 
0.160 


R 
0.254 
1.02 
0.010 
0.040 


All JEDEC Dimensions 
and Notes Apply. 


NOTE: 


LEADS WITHIN 0.18 mm 10.0071RADIUS OF TRUE 


POSITION AT SEATING PLANE AT MAXIMUM 


MATERIAL CONDITION. 


G SUFFIX 
CASE 603C-01 
Metal Can 
R(lJA 
= 1500 CIW(Typ) 


NOTES: 


1. lEADS WITHIN 0.18 mm 10.0071 RADIUS OF TRUE 


POSITION TO DIM. "A" 
& "H" AT SEATING PLANE 


AT MAXIMUM 
MATERIAL CONDITION. 


2. lEAD DlA UNCONTROllED 
8EYOND DIM "K" 
MIN. 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
8.51 
9.39 
0.335 
0.370 


a 
7.75 
8.51 
0.305 
0.335 
C 
4.19 
6.73 
0.165 
0.265 


D 
0.407 
0.533 
0.Q16 
0.021 


E 
- 
1.02 
- 
0.040 


F 
0.406 
0.483 
0.016 
0.019 


G 
5.84 8SC 
0.230 8SC 


H 
0.712 
0.864 
0.028 
0.034 


J 
0.737 
1.14 
0.029 
0.045 


K 
12.70 
- 
0.500 
- 


l 
6.35 
12.70 
0.250 
0.500 
M 
36" 8SC 
38° 8SC 


P 
- 
I 
1.27 
- 
0.050 


Q 
3.56 
I 
4.06 
0.140 
0.160 


R 
0.254 
I 
1.02 
0.010 
0.040 


DP2, D, J, N SUFFIX 
CASE 620-10 
Ceramic Package 
R(lJA 
= 1000 CIW(Typ) 


NOTES: 


1. DIMENSIONING 
AND TOlERANCING 
PER ANSI 
Y14.5M, 1982. 


2. CONTROLLING DIMENSION: 
INCH. 


3. DIMENSION 
L TO CENTER OF LEAD WHEN 


FORMED PARALLEL. 


4. DIM F MAY NARROW TO 0.76 10.0301WHERE THE 
lEAD ENTERS THE CERAMIC 80DY. 


MilLIMETERS 
MIN 
MAX 


19.05 
19.93 
6.10 
7.49 
5.08 


0.39 
0.50 


1.278SC 
1.40 
1.65 


2.54 8SC 


0.21 
0.38 


3.18 
4.31 
7.628SC 
0° 
15' 


0.51 
1.01 


INCHES 


MIN 
MAX 


0.750 
0.785 


0.240 
0.295 
- 
0.200 
0.Q15 
0.020 


0.050 8SC 
0.055 
0.065 
0.100 8SC 
0.008 
0.Q15 


0.125 
0.170 


0.300 8SC 
0° 
15° 


0.020 
0.040 


, 


ii 
\ 
" 
;J/L~~~ 


J lIP\. 


It 1025100101 ® 1T I 8 ® 1 
• 


L SUFFIX 
CASE 623·05 
Ceramic Package 


ROJA 
= 53° CIW(Typ) 


DP1, N, P, P1 SUFFIX 
CASE 626-05 
Plastic Package 


ROJA = 100° CIW(Typ) 


J, F, L SUFFIX 
CASE 632-08 
Ceramic Package 


ROJA = 100° CIW(Typ) 


MILUMETERS 


MIN 
MAX 


31.24 
32.77 
12.70 
15.49 


4.06 
5.59 


0.41 
0.51 


1.27 
1.52 


2.54 BSC 


0.20 
0.30 


3.18 
4.06 


15.2 
BSC 


0' 
15' 


0.51 
1.27 


INCHES 


MIN 
MAX 


1.230 
1.290 


0.500 
0.610 
0.160 
0.220 


0.016 
0.020 


0.050 
0.060 


0.1 
BSC 


0.008 
0.012 


0.125 
0.160 


O.W 
BSC 


0" 
15' 


0.020 
0.050 


NOTES: 
,. DIM "L" TO CENTER OF 


LEADS WHEN FORMED 
PARALLEL. 


2. LEADS WITHIN 0.13 mm 


10.0051RADIUS OF TRUE 


POSITION AT SEATING PLANE 


AT MAXIMUM 
MATERIAL 
CONDITION. IWHEN FORMED 


PARALLELI. 


NOTES: 
1. LEAD POSITIONAL TOLERANCE: 


It 
I pO.13 
10.0051®IT 
1 A ® 
IB ®I 


2. DIMENSION L TO CENTEROF LEADS WHEN FORMED 
PARALLEL. 


3 PACKAGE CONTOUR OPTIONALIROUND OR SQUARE 


CQRNERSI. 


4. DIMENSIONS A AND B ARE DATUMS. 
5. DIMENSIONING AND TOLERANCING PERANSI 


Y14.5M,1982. 


MILUMETERS 


MIN 
MAX 
9.40 
10.16 


6.10 
6.60 
3.94 
4.45 


0.38 
0.51 
1.02 
1.52 


2.54 8SC 
0.76 
I 
1.27 


0.20 
I 
030 


2.92 
I 
3.43 


7.62 BSC 


I 
la' 


0.76 
I 
1.01 


INCHES 


MIN 
MAX 


0370 
0.400 


0.240 
0.260 


0.155 
0.175 


0.015 
0.020 
0.040 
0.060 


0.100 8SC 
0.030 
0.050 
0.008 
0.012 


0.115 
0.135 


0.300 8SC 
- 
la' 


0.030 
0.040 


INCHES 


MIN 
MAX 
0.750 
0.785 


0.245 
0.280 


0.155 
0.200 


0.015 
0.020 


0.055 
0.065 


0.100 BSC 
0.008 
0.Q15 


0.125 
0.170 
0.300 BSC 
0' 
15' 


0.020 
0.040 


NOTES: 
1. DIMENSIONING 
AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


2. CONTROLLING DIMENSION: 
INCH. 


3. DIMENSION 
L TO CENTER OF LEAD WHEN 
,.-, 
FORMED PARALLEL 
I- 
~ 
-I 
4. DIM F MAY NARROW TO 0.76 (0030) WHERE THE 


: 


CC:J CC:J CC:J CC:J CC:J : 
LEAD ENTERS THE CERAMIC BODY. 
,~~ [:::::: I~ 
':D~M 
mH~~ 
c 
iL- 


" 
[P,fUlv=tjP,P a:Wi 
j 


~ 
-oJ I ~ 
-, 
~ tj---1 JP LJ~: 


----JI--- 
D 14Pl 
J 14Pl 


1~1025100101® 
ITI 
ACD\ 
1+10.2510.0101® 
ITI 
BCDI 


MILLIMETERS 


MIN 
MAX 
19.05 
19.94 
6.23 
7.11 


3.94 
5.08 


0.39 
0.50 


1.40 
1.65 
2.54 BSC 


0.21 
0.38 
3.18 
431 


7.62 BSC 
0' 
15' 


0.51 
1.01 


N, P, N-14, P2 SUFFIX 
NOTES: 


CASE 646-06 
,. LEAOS WITHIN 0.13 mm 10.0051 RAOIUS Of TRUE 


POSITION AT SEATING PLANE AT MAXIMUM 


Plastic Package 
AAAAAAA 
MATERIAL CONOITION. 


ROJA = 100° CIW(Typ) 
2. OIMENSION 
"L" 
TO CENTER Of LEADS WHEN 
,. 
8 r 
fORMED 
PARALLEL. 
3. DIMENSION 
"B" 
DOES NOT INCLUDE MOLD 


B 
fLASH. 
,- 


19 
7~ 
4. ROUNDED CORNERS OPTIONAL. 


~~ 
V 
V 
V.I~Norr. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
18.16 
19.56 
0.715 
0.770 
- F- 
rr=L=J 


B 
6.10 
6.60 
0.240 
0.260 


C 
3.69 
4.69 
0.145 
0.185 


\~ 


D 
0.38 
0.53 
0.015 
0.021 
R 


f 
1.02 
1.78 
0.040 
0.070 
r~ 
mU~C 
G 
2.54 BSC 
0.100 BSC 


H 
1.32 
2.41 
0.052 
0.095 


-~~~, 


J 
020 
I 
0.38 
0.008 
O.ot5 
JI- 


K 
2.92 
3.43 
0.115 
0.135 


G 
L 
7.62 BSC 
0.300 BSC 
~ 
M 
0 


0 
W 
0 


0 
W 


N 
0.39 
1.01 
0.015 
0.039 


N, P SUFFIX 


NOTES: 
,. 
LEADS WITHIN 
0.13 mm 10.0051 RADIUS Of TRUE 
CASE 648-06 
POSITION AT SEATING PLANE AT MAXIMUM 


Plastic Package 
MATERIAL CONDITION. 


2. DIMENSION 
"L" TO CENTER Of LEADS WHEN 


ROJA = 67° CIW(Typ) 
f'1r'1r'1r'1('",(i(l 
fORMED 
PARALLEL. 


~:. 


9 t 


3. DIMENSION 
"B" DOES NOT INCLUDE MOLD 


fLASH. 
B 
4. "f" 
DIMENSION 
IS fOR fULL 
LEADS. 
,0 
8 ~ 
5. ROUNDED CORNERS OPTIONAL. 
,- 


C~~V~ 
MILLIMETERS 
INCHES 


A 
\ 
NOTE 5 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
18.80 
21.34 
0.740 
0.840 
rr=L=l 


B 
6.10 
660 
0.240 
0.260 


C 
3.69 
4.69 
0.145 
0.185 


1 
F~sf~A 


D 
0.38 
0.53 
O.ot5 
0.021 


f 
1.02 
1.7B 
0.040 
0.070 


H~ ~ G~ -Jlot3r -II-J 
MJ I- 


G 
2.54 BSC 
0.100 BSC 


H 
0.38 
2.41 
O.ot5 
0.095 


J 
0.20 
0.38 
0.008 
0.015 


K 
2.92 
3.43 
0.115 
0.135 


PLANE 
L 
7.62 BSC 
0.300 BSC 


M 
0 


0 
W 
0 


0 
W 


N 
0.39 
1.01 
0.015 
0.040 


P SUFFIX 
MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


CASE 648C-02 
A 
18.80 
21.34 
0740 
0.840 


Plastic Package f~:::::~IJ 


B 
6.10 
6.60 
0.240 
0.260 


C 
3.69 
4.69 
0.145 
0.185 
ROJA = 52° CIW 
D 
0.38 
0.53 
O.ot5 
0021 


f 
1.02 
1.78 
0.040 
0.070 


G 
2.54 BSC 
0.100 BSC 


H 
O.3B 
2.41 
0.015 
0.095 


J 
0.20 
0.38 
0.008 
O.ot5 


~~ 


K 
2.92 
3.43 
0.115 
0.135 


L 
7.62 SSC 
0.300 BSC 
,- 


M 
00 
W 
0 


0 
W 


N 
039 
1.01 
O.ot5 
0.040 
~j1f'l 


NOTES 


1. LEADS WITHIN 0.13 mm 10.0051 RADIUS Of 


TRUE POSITON AT SEATING PLANE AT 
1 
MAXIMUM 
MATERIAL CONDITION. 
2 
DIMENSION 
"L" TO CENTER Of LEADS WHEN 
fORMED 
PARALLEL. 
JL -1, I- JL,~3t 
-il-, .J\. 


3. DIMENSION 
"B" DOES NOT INCLUDE MOLD 
fLASH . 
• 
ROUNO£O CORN£RS OP1IONAL. 


5. EXTERNAL LEAD CONNECTION, 
BETWEEN 4 


PUN' 
AND 5, 12 AND 13 AS SHOWN • 


P SUFFIX 
MILUMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
CASE 649·03 
A 
31.50 
31.13 
1.140 
1.165 


Plastic Package 
8 
1111 
13.71 
0.510 
0.540 


C 
4.70 
5.11 
0.185 
0.105 
ROJA = 90° CIW(Typ) 
]I'""""O~"'" 
J 


D 
0.38 
0.51 
0.015 
0.010 


F 
1.01 
1.51 
0.040 
0.060 
2. 
13, 
G 
1.54 8SC 
0.100 8SC 


H 
1.65 
2.16 
0.065 
0.085 


J 
0.20 
0.30 
0.008 
0.012 


a~ 
B 
K 
2.92 
3.43 
0.115 
0.135 
"0 
12U 


L 
14.99 
15.49 
0.590 
0.610 


M 
10" 
10" 
~ 
N 
0.51 
1.02 
0.020 
0.040 
24 
--1 V 'v''v' 'v' 'v''v''v''v' 
'v''v''v''v' 
P 
0.13 
0.38 
0.005 
0.015 
1 
Hf-- 


Q 
0.51 
0.76 
0.020 
0.030 


~' 
t=L~ 


NOTES, 
If j 
1. LEADS WITHIN 0.13 mm (0.0051 RADIUS OF TRUE ~-T 
POSmON 
AT SEATING PLANE AT MAXIMUM 
--II- 


J 
M 
V 
MATERIAL 
CDNDmDN. 


2. DIMENSION 
"L" 
TO CENTER OF LEADS WHEN 
SUTlNG 


FORMED PARALLEL. 
PlANE 


L SUFFIX 
NOTES, 


CASE 690-13 
-- 
I. -A- AND -8- ARE DATUMS. 
[ [ 
]IJ 


2. -T-IS 
SEATING PLANE 
Ceramic Package 
3. POSmDNAL 
TOLERANCE FOR LEADS 101. 


ROJA = 100° CIW(Typ) 
1+1 oI>025(00101~ 
1T I A'" 
18~1 


4. DIMENSION 
L TO CENTER OF LEADS WHEN 


FORMED PARALLEL. 


I 
A~ 


5. DIMENSIONING 
AND TDLERANCING 
PER ANSI 


Y14.5.1973. 


,,~ 


INCHES 
MILUMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 
- 
r--F 


c 
CL=J 


A 
20.07 
10.57 
0.790 
0.810 


a 
7.11 
7.74 
0.280 
0.305 


C 
2.67 
4.19 
0.105 
0.165 
J 
~F1 


D 
0.38 
0.53 
0.015 
0.021 


F 
0.76 
1.52 
0.030 
0.060 
-1: 
' 


G 
2.54 8SC 
0.100 8SC 


N 
K 
\:, 
H 
0.76 
1.78 
0.030 
0.070 


J 
0.20 
0.30 
0.008 
0.012 
LH ~~DJGL -=' 
-JLJ 
-J1 


K 
3.18 
5.08 
0.125 
0.200 


L 
7.62 asc 
0.300 BSC 


M 
10' 
10' 


N 
0.38 
1.52 
0.015 
0.060 


J-8, J, JG, U, Z SUFFIX 
CASE 693-02 
MIUJMETERS 
INCHES 
Ceramic Package 
CA~ 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.91 
10.92 
0.390 
0.430 


R8JA = 100° CIW(Typ) 
8 
6.22 
6.99 
0.245 
0.275 
0' 


C 
4.32 
5.08 
0.170 
0.200 


~ 


D 
0.41 
0.51 
0.016 
0.010 


1 
. ~ 


F 
1.40 
1.65 
0.055 
0.065 


G 
2.54 BSC 
0.100 BSC 


H 
1.14 
1.65 
0.045 
0.065 


J 
0.20 
0.30 
0.008 
0.012 


~F 
i:=L=:1 


K 
3.1B 
4.06 
0.125 
0.160 
1 
L 
7.37 
7.B7 
0.290 
0.310 


M 
- 
15' 
- 
15" 


I 
ItA 


N 
0.51 
1.02 
0.020 
0.040 


'g~~L\I~ 
I 


NOTES, 


1. LEADS WITHIN 0.13 mm 10.0051 RAD OF TRUE 
,L,~.~ 
U • -f,--, J 'v 


POSITION AT SEATING PLANE AT MAXIMUM 


MATERIAL CONDITION. 


2. DIMENSION 
"L" TO CENTER OF LEADS WHEN 
=r:[ 
SU_ 
PlANE 
M 


FORMED PARALLEL. 


A, B, N, P SUFFIX 
MilLIMETERS 
INCHES 


CASE 707·02 
DIM 
MIN 
MAX 
MIN 
MAX 
Plastic Package 
A 
22.22 
23.24 
0.875 
0.915 


f::::: : :::IJ 


B 
6.10 
6.60 
0.240 
0.260 
ROJA = 100° CIW(Typ) 
C 
3.56 
4.57 
0.140 
0.180 


D 
0.36 
0.56 
0.014 
0.022 


F 
1.27 
1.78 
0.050 
0.070 
,- 


G 
2.54 BSC 
0.100 BSC 
I 
A 
I 


H 
1.02 
1.52 
0.040 
0.060 


J 
0.20 
0.30 
0.008 
0.012 


K 
2.92 
3.43 
0.115 
0.135 


MMAiW\IM:LI ~ 


l 
7.62 BSC 
0.300 BSC 


M 
0" 
15" 
0" 
15' 


1 
N 
0.51 
1.02 
0.020 
0.040 


NOTES: 
J dLF~G~D4~ 
~:~ 
~~[M 
J4t- 


1. POSITIONAL 
TOLERANCE 
OF LEADS 101. SHALL BE 


WITHIN 
0.25mmI0.Ol01 
AT MAXIMUM 
MATERIAL 
•••••• 
CONDITION,IN 
RELATION 
TO SEATING PLANE 


AND EACH OTHER. 


2. DIMENSION 
L TO CENTER OF UEADS WHEN 


FORMED PARALLEl. 


3. DIMENSION 
B D1DES NOT INCLUDE MOLD FLASH. 


P SUFFIX 
G::::::::]J 
Ir=L=J 
CASE 708-04 
Plastic Package 
R8JA = 71° CIW(Typ) 
A 


I" 


A 
" 
-I LM 
J-\I- 


~~'1 


MILLIMETERS 
INCHES 
~ 
DIM 
MIN 
MAX 
MIN 
MAX 
22 


A 
27.56 
28.32 
1.085 
1.115 


1 
JHk- ~ G~ 
~F 
~k-D~W~ 
; 


8 
8.64 
9.14 
0.340 
0.360 


C 
3.94 
5.08 
0.155 
0.200 


D 
0.36 
0.56 
0.014 
0.022 
NOTES: 
PlANE 
F 
1.27 
1.78 
0.050 
0.070 


1. POSITIONAL 
TOLERANCE 
OF LEADS 101. SHALL 8E 
G 
2.54 BSC 
0.100 BSC 
WITHIN 0.25 mm 10.0101 AT MAXIMUM 
MATERIAL 
H 
1.02 
I 
1.52 
0.040 
0.060 


CONDITION. 
IN RELATION TO SEATING PLANE 
J 
0.20 
I 
0.38 
0.008 
0.015 
AND EACH OTHER. 
K 
2.92 
I 
3.43 
0.115 
0.135 
2. DIMENSION 
L TO CENTER OF LEADS WHEN 
L 
10.16 BSC 
0.400 8SC 


FORMED PARALLEl. 
M 
0' 
I 
15" 
0' 
IS' 


3. DIMENSION 
8 DOES NOT INCLUDE MOLD FLASH. 
N 
0.51 
I 
1.02 
0.020 
0.040 


P SUFFIX 


[:::::::::0 


CASE 709-02 
Plastic Package 
ROJA = 71° CIW(Typ) 


A 
N 
C CL~ 
(IHI 
~c~ 
r=='--,- 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
31.37 
32.13 
1.235 
1.265 


8 
13.72 
14.22 
0.540 
0.560 
-- HI-.jG!- 
K..j 
M 
J 
C 
3.94 
5.08 
0.155 
0.200 
24 
F 
0 
sunNG 


D 
0.36 
0.56 
0.014 
0.022 
PlANE 
F 
1.02 
1.52 
0.040 
0.060 


1 
G 
2.54 BSC 
0.100 8SC 


NOTES: 
H 
1.65 
2.03 
0.065 
0.080 


1. POSITIONAL TOLERANCE OF LEADS 101. SHALL 8E 
J 
0.20 
0.38 
0.008 
I 
0.015 
WITHIN 0.25 mm 10.0101AT MAXIMUM 
MATERIAL 
K 
2.92 
3.43 
0.115 
I 
0.135 
CONDITION. IN RELATION TO SEATING PLANE AND 
L 
15.248SC 
0.600 8SC 


EACH OTHER. 
M 
0' 
IS' 
0' 
I 
IS' 


2. DIMENSION L TO CENTER OF LEADS WHEN FORMED 
N 
0.51 
102 
0.020 
0.040 
PARALLEl. 


3. DIMENSION 8 DOES NOT INClUDE 
MOLD FLASH. 


•...;:a;urrlA 


~ 


1. POSITIONAL 
TOLERANCE OF lEAOS 
101, SHALL BE 
CASE 710-02 
WITHIN 0.25mmI0.0101 
AT MAXIMUM 
MATERIAL 
Plastic Package 
CONOITION, 
IN RELATION TO SEATING PLANE 


AND EACH OTHER. 


2. DIMENSION 
L TO CENTER OF LEADS WHEN 
1 
FORMED PARALLEl. 


3. DIMENSION 
B DOES NOT INCLUDE MOLD FLASH. 


r:~~~~~~~~~~~~:[J[ 


M1lUMETERS 
INCHES 
DIM 
MIN 
MAX 
M1N 
MAX 


A 
3li.45 
37.21 
1.435 
1.465 


B 
13.72 
14.22 
0.540 
0.560 


C 
3.94 
5.08 
0.155 
0.200 


0 
0.3li 
0.56 
0.014 
0.022 
~~~£',l 


F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 BSC 
0.100 BSC 


H 
1.65 
I 
2.16 
0.065 
0.085 


J 
0.20 
I 
0.38 
0.008 
0.D15 


K 
2.92 
I 
3.43 
0.115 
0.135 


L 
15.24 BSC 
0.600 BSC 


M 
0' 
I 
IS' 
0' 
IS' 


N 
0.51 
I 
1.02 
0.020 
0.040 


PlANE 


P SUFFIX 


~ 


NOTES: 
CASE 711-03 
1. POSITIONAL 
TOLERANCE OF LEADS 101, SHALL BE 
Plastic Package 
WITHIN 0.25 mm 10.0101 AT MAXIMUM 
MATERIAL 
CONDITION, 
IN RELATION TO SEATING PLANE 
AND EACH OTHER. 


1 
2. DIMENSION 
L TO CENTER OF LEADS WHEN 


~:::::::::::::::::::I~ 


FORMED PARALLEl. 


3. DIMENSION 
B DOES NOT INCLUDE MOLD FLASH. 


M1LUMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
51.69 
52.45 
2.035 
2.065 


B 
13.72 
14.22 
0.540 
0.560 


C 
3.94 
5.08 
0.155 
0.200 


I" 
A 
'I 
C Cl=J 


0 
0.3li 
0.56 
0.014 
0.022 


F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 BSC 
0.100 BSC 


~~ 


H 
1.65 
I 
2.16 
0.065 
0.085 


J 
0.20 
I 
0.38 
0.008 
0.D15 


K 
2.92 
I 
3.43 
0.115 T 0.135 
J ~H' 
~ 
~G ~ 
~F 
~~D 
~SU:NG 
-.J 
M 


L 
15.24 BSC 
0.600 BSC 


M 
0' 
I 
IS' 
0' 
I 
IS' 


N 
0.51 
I 
1.02 
0.020 
0.040 


PUNE 


CASE 721·02 
NOTES: 
Plastic Package 


T nnf0J~ 


1. DIMENSION 
"S" TO CENTER OF LEADS WHEN 
ROJA = 52° efW 
FORMED PARALLEl. 


T [12 
1 ~ l 
MILUMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
I :§'V'I~I:=J 


A 
20.70 
21.34 
0.815 
0.840 


B 
6.10 
6.60 
0.240 
0.260 


,,~ 


C 
4.06 
4.57 
0.160 
0.180 


0 
0.43 
0.56 
0.017 
0.022 


a~ 


F 
1.02 
1.52 
0.040 
0.060 


G 
2.41 
2.67 
0.095 
0.105 


H 
1.32 
1.83 
0.052 
0.072 


J 
0.33 
0.46 
0.013 
0.D18 


--J r--F 
AI 
,c 
t=s j 


K 
3.30 
3.94 
0.130 
0.155 


L 
25.15 
27.94 
0.990 
1.100 


M 
10' 
- 
10' 
rn 
nV#t' 7fT- 


N 
0.51 
1.02 
0.020 
0.040 


P 
6.27 
6.53 
0.247 
0.257 


Q 
3.48 
3.73 
0.137 
0.147 
H-HI--~~D 
--lGCT M-i 
J.-I\-- 
s 
7.37 
7.B7 
O.~ 
0.310 


T 
16.26 
16.76 
0.840 
0.660 


P-3, P-60 
P 
CASE 724-0~20 SUFFIX 


~Iastic Package 
OJA = 100 
0 CIW(Typ) 
~ 
I::::::::::::i~ 


~~~L~-' 


1 


-10 
1+1025(00101'"' 


T 
-35(00101'"' 
I I 
"" 
"" 
TA® 
I 


NOTES: 
1. CHAMFERRED 
2. DIM "L" TO CE~ONTOUR OPTIONAL 
PARALLEl. 
TER OF LEADS WHE'N FOR 


3. DIMENSIONS 
MED 
4 
Y14.5M, 1982. AND TOLERANCES PER ANSI 


. CONTROLLING DIMENSION : INCH. 


NOTES: 


1. LEADS, TRUE PO 
10.0101DIA. AT S:~~I~NED 
WITHIN 0.25 mm 


2 


MATERIAL CONDITION G PLANE, AT MAXIMUM 


. DIM "L" TO CEN 
. 
PARALLEl. 
TER OF LEADS WHEN FORM 


3. DIM "A" &" " 
ED 
4. "F" DIMENSI~~~CLUDES 
MENISCUS 
~~ADS ARE Opn5:~LR 
:TULLLEADS. 
:'HALF" 
, AND 18. 
LEAD POSITIONS 1, 9, 


J, L SUFFIX 
CASE 726-04 
Ceramic Package 
ROJA = 100 


0 CIW(Typ) 


L SUFFIX 
CASE 732-03 
Ceramic Pack 
ROJA 
= 750 ci:: 


NOTES: 


1. LEADS WITHIN 025 
~ASITION AT SEATIN~mp10.0101DIA., TRUE 
2 
TERIAL CONDITION 
LANE, AT MAXIMUM 


. DIM L TO CENTER 
. 
PARALLEL 
OF LEADS WHEN FOR 


3. DIM A 
. 
MED 


AND B INCLUDES MENISCUS 


MOTOROLA 
LINEAR/INTERFACE 
DEVICES 


13-11 
• 


L SUFFIX 
NOTES: 


CASE 733-04 


,. 
DIM W IS DATUM. 


Ceramic Package 


2. POSITIONAL 
TOL fOR LEADS: 


1+1 <1>0.2510010) 
® 
I T IA 
® I 


3. OJ 
IS SEATING PLANE. 
[~~~~~~~~] 


4. OIM A AND B INCLUDES 
MENISCUS. 


5. DIM ·L· TO CENTER Of LEADS WHEN fORMED 


~ 


PARALLEL. 


B 


6. DIMENSIONING 
& TOLERANCING 
Pl'R Y14.5, 1982. 


7. CONTROLLING 
DIM: INCH. 


MILUMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


1 
I' 
A- 
C t=-L=J 


A 
36.45 
37.84 
1.435 
1.490 


B 
12.70 
15.36 
0.500 
0.605 
~~A 


C 
4.06 
5.84 
0.160 
0.230 


0 
0.38 
0.55 
0.015 
0.022 


F 
1.27 
1.65 
0.060 
0.065 


G 
2.54 BSC 
0.100 SSC 
J L~G~ JL~~D K 
-T-~ 
M 
J-1r- 


J 
0.20 
0.30 
0.008 
0.012 


K 
3.18 
4.06 
0.125 
0.160 


L 
15.24 BSC 
0.600 BSC 


M 
0° 
15" 
0° 
15" 


N 
0.51 
1.27 
0.020 
0.050 


L SUFFIX 


~~ 


NOTES: 


1. DIM ·A·IS A DATUM. 


CASE 734-04 
2. POSITIONAL TOLERANCE fOR LEADS: 


Ceramic Package 
It 
1q,0.2510.0101®1 
TI A®I 


ROJA = 71 


0 CIW(Typ) 


3. 
·T-IS SEATING PLANE. 


1 
4. DIM L TO CENTER Of LEADS WHEN fORMED 
PARALLEL. 


[:::::::::::::::::::I~ 


5. DIMENSIONS A AND B INCLUDE MENISCUS. 


6. DIMENSIONING 
AND TOLERANCING PER ANSI Y14.5, 


1973. 


MlLUMETERS 
INCHES 


DIM 
MIN 
MAX 
M1N 
MAX 


A 
5.31 
53.24 
2.020 
2.096 


I 
A 
I cC 
L =J 


8 
12.70 
15.49 
0.500 
0.610 


C 
4.06 
5.84 
0.160 
0.230 


D 
0.38 
0.56 
0.015 
0.022 
~~R 


F 
1.27 
1.65 
0.060 
0.065 


G 
2.54 sse 
0.100 sse 


J 
0.20 
0.30 
0.008 
0.012 


-.jGf- 
~ 
~f 
~l-D 
~W 
K -I 
M 


K 
3.1B 
4.06 
0.125 
0.160 


L 
15.24 BSC 
0.600 BSC 


M 
50T 
w 
5° T 
15" 


N 
0.51 
I 
1.27 
0.020 T 0.060 


L SUFFIX 
NOTES: 


CASE 736-05 
,. 
DIMENSIONING 
AND TOLERANCING 
PER ANSI 


Ceramic Package 
~::::~:::J~ 


Y14.5M, 
1982. 


2. CONTROLLING 
DIMENSION: 
INCH. 


ROJA = 71 


0 CIW(Typ) 
3. DIMENSION 
L TO CENTER Of LEAD WHEN 
• 


fORMED 
PARALLEL. 


4. DIMENSION 
f fOR fULL 
LEADS. HALf 
LEADS 


~ 


OPTIONAL 
AT LEAD POSITIONS 
1, 1" 
12, AND 22. 


5. DIM f MAY NARROW 
TO 0.7610.0301 WHERE THE 


22 
LEAD ENTERS THE CERAMIC 
SODY. 


1 


MILLIMETERS 
INCHES 
~f9 


DIM 
MIN 
MAX 
MIN 
MAX 
~~'i,""1- 


A 
26.93 
27.Bl 
1.060 
1.095 


8 
9.15 
9.90 
0.360 
0.390 


C 
3.81 
5.46 
0.150 
0.215 


D 
0.39 
0.53 
0.015 
0.021 


F 
1.27 
1.65 
0.060 
0.065 
G 
2.54 SSC 
0.100 BSC 
J 
0.20 
0.39 
0.008 
0.015 


K 
3.1B 
4.31 
0.125 
0.170 


L 
10.16 SSC 
0.400 8SC 


\+1025100101® 
IT\ 
A(!)I 
\+1025100101® 
\T\S(!)I 
M 
0" 
15" 
0" 
15" 


N 
0.51 
1.27 
0.020 
I 
0.060 


NOTES: 
1. OIMENSIONS "A" ANO "s" 
ARE OATUMS AND 
"T" IS A DATUM SURFACE. 


2. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5M. 
1982. 


3. CONTROLLING DIM: MILLIMETER. 
4. DIMENSION "A" AND "S" DO NOT INCLUDE 
MOLD PROTRUSION. 


5. MAXIMUM 
MOLD PROTRUSION 0.1510.0061 PER 
SIDE. 


P SUFFIX 
CASE 738-03 
Plastic Package 
ROJA = 75° elW 


NOTES: 


1. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M. 1982. 


2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "L" TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 


4. DIMENSION "S" DOES NOT INCLUDE MOLD 
FLASH. 


MILLIMETERS 
MIN 
MAX 


25.60 
27.17 


6.10 
6.60 


3.81 
4.57 
0.39 
0.55 
1.27 SSC 


1.27 
1.17 


2.54 SSC 
0.21 
0.38 
2.60 
3.55 
7.62 SSC 
0" 
15· 


0.51 
1.01 


INCHES 
MIN 
MAX 


1.010 
1.070 


0.240 
0.260 


0.150 
0.180 


0.015 
0.022 
0.050 SSC 
0.050 
0.070 
0.100 SSC 
0.008 
0.015 
0.110 
0.140 


0.300 SSC 
rr 
15" 


0.020 
0.040 


o SUFFIX 
CASE 751-02 
Plastic Package 
so-a, sop-a 


1 
r-R X45· 


LJ( 
\~l 


~M 
F-IIJ;.J 


o SUFFIX 
CASE 751A-02 
Plastic Package 
SO-14 


., 
~. 


1 


JBl1}~ 


It!025(0010)® 
ITls® 
I 


MILLIMETERS 
MIN 
MAX 
4.60 
5.00 
3.60 
4.00 
1.35 
1.75 


0.35 
0.49 
0.40 
1.25 
1.27 SSC 
0.19 
0.25 
0.10 
025 


0" 
r 


5.60 
6.20 


0.25 
0.50 


INCHES 
MIN 
MAX 


0.189 
0.196 
0.150 
0.157 
0.054 
0.068 
0.014 
0.019 
0.016 
0.049 
0.050 SSC 
0.008 
0.009 
0.004 
0.009 


0" 
r 


0.229 
0.244 
0.010 
0.019 


NOTES: 


1. DIMENSIONS A AND S ARE OATUMS AND T IS A 


DATUM SURFACE. 


2. DIMENSIONING ANO TOLERANCING PERANSI 
YI4.5M. 
1982. 


3. CONTROLLING OIMENSION: MILLIMETER. 
4. DIMENSION A AND S 00 NOT INCLUDE MOLD 


PROTRUSION. 


5. MAXIMUM 
MOLD PROTRUSION 0.1510.006) 


PER SIDE. 


MILLIMETERS 
MIN 
MAX 
S.55 
8.75 
3.60 
4.00 
1.35 
1.75 
0.35 
0.49 


0.40 
1.25 


1.27 SSC 
0.19 
0.25 
0.10 
0.25 
O· 
7· 


5.60 
6.20 
0.25 
0.50 


INCHES 


M1N 
MAX 


0.337 
0.344 


0.150 
0.157 
0.054 
0.068 


0.014 
0.019 


0.016 
0.049 


0.050 SSC 


0.008 
0.009 


0.004 
0.009 
O· 
7· 
0.229 
0.244 


0.010 
0.019 


Plastic Package 
80-16 


2. DIMENSIONING ANO TOLEIlANCING PER ANSI 


Y14.5M, 1982. 


3. CONTROLLING DIMENSION: MILLIMETER. 
4. DIMENSION A AND a DO NOT INCLUDE MOLD 
PROTRUSION. 


5. MAXIMUM 
MOLD PROTRUSION 0.1510.0061 


PER SIDE. 


MILLIMETERS 
MIN 
MAX 


9.80 
10.00 
3.80 
4.00 


1.35 
1.75 


0.35 
0.49 
0.40 
1.25 


1.27 asc 


0.19 
0.25 
0.10 
0.25 
co 
7' 


5.SO 
6.20 
0.25 
0.50 


INCHES 


MIN 
MAX 


0.386 
0.393 
0.150 
0.157 
0.054 
0.068 
0.014 
0.019 
0.016 
0.049 
0.050 asc 
0.006 
0.009 


0.004 
0.009 
0' 
7' 


0.229 
0.244 
0.010 
0.019 


NOTES: 


1. OIMENSIONS A AND a ARE DATUMS AND T IS A 
DATUM SURFACE. 


2. OIMENSIONING AND TOLEIlANCING PER ANSI 
Y14.5M, 1962. 


3. CONTROLLING DIMENSION: MILLIMETER. 
4. DIMENSION A AND a DO NOT INCLUDE MOLD 


PROTRUSION. 
5. MAXIMUM 
MOLD PROTRUSION 0.1510.0061 


PER SIDE. 


OW SUFFIX 
CASE 751C-03 
Plastic Package 
80-18 


OW SUFFIX 
CASE 7510-03 
Plastic Package 
80-20L 


MIWMETERS 
MIN 
MAX 
11.40 
11.70 


7.40 
7.60 
2.35 
2.65 
0.35 
0.49 
0.50 
0.90 


1.27 asc 
0.25 
0.32 
0.10 
0.25 
co 
7' 


10.05 
10.55 
0.25 
0.75 


INCHES 
MIN 
MAX 
0.449 
0.460 


0.292 
0.299 
0.093 
0.104 
0.014 
0.019 
0.020 
0.035 
0.050 asc 
0.010 
0.012 
0.004 
0.009 


0' 
7' 


0.395 
0.415 
0.010 
0.029 


NOTES: 


1. DIMENSIONS A AND a ARE DATUMS AND T IS A 
DATUM SURFACE. 


2. DIMENSIONING AND TOLEIlANCING PER ANSI 
YI4.5M, 
1962. 
3. CONTROLLING DIMENSION: MILLIMETER. 
4. DIMENSION A AND a DO NOT INCLUDE MOLD 
PROTRUSION. 


5. MAXIMUM 
MOLD PROTRUSION 0.1510.0061 


PER SIDE. 


~ 
m..6HHHHHHHHHLt 
c 
SEAnNG 
JL 


~~NE 


D20Pl 
K 


I.•.' 025100101 ® I T Ia 
@ I A 
@ I 


M1WMETERS 
MIN 
MAX 
12.65 
12.95 
7.40 
7.60 
2.35 
2.65 
0.35 
0.49 
0.50 
0.90 
1.27 asc 
0.25 
0.32 
0.10 
0.25 
co 
7' 


10.05 
10.55 
0.25 
0.75 


INCHES 
MIN 
MAX 
0.499 
0.510 
0.292 
0.299 
0.093 
0.104 
0.014 
0.019 
0.020 
0.035 
0.050 asc 
0.010 
0.012 
0.004 
0.009 
co 
7' 


0.395 
0.415 
0.010 
0.029 


OW SUFFIX 
CASE 751E-02 
Plastic Package 
80-24 


OW SUFFIX 
CASE 751F-02 
Plastic Package 
80-28 
28 -lliiiilIiI! 


1 


OW SUFFIX 
CASE 751G-01 
Plastic Package 
80-16L 
I~::~::;l=t 


,. 
., 
I 


-8- 
P 
1 
.• 
1025 
100101 ®I 
B 
®I 


~., 
.'. 
__ 
• 
_8~8~ 


-1G~ 


-.L 


fTl b EjH t;1H H H H al.. 
c 
SEAnNG 
-1f.-o liPl 
V ~NE 


l-tl025100101®ITIB 
®!A 
®I 


NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND T IS A 
DATUM SURfACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5M. 
1982. 
3. CONTROLLING DIMENSION: MILLIMETER. 
4. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 
5. MAXIMUM 
MOLD PROTRUSION 0.1510.0061 
PER SIDE. 


MILLIMETERS 
DIM 
MIN 
MAX 
A 
15.25 
15.50 
B 
7.40 
7.60 


C 
2.35 
2.65 
D 
0.35 
0.49 
f 
0.50 
0.90 
G 
t27 
BSC 
J 
0.25 
0.32 
K 
0.10 
0.25 
M 
0' 
7' 


P 
10.05 
10.55 
R 
0.25 
0.75 


INCHES 
MIN 
MAX 
0.601 
0.610 
0.292 
0.299 
0.093 
0.104 
0.014 
0.019 


0.020 
0.035 
0.050 BSC 
0.010 
0.012 
0.004 
0.009 
0' 
7' 


0.395 
0.415 
0.010 
0.029 


NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND T IS A 
DATUM SURfACE. 


2. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5M.1982. 
3. CONTROLLING DIMENSION: MILLIMETER. 
4. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 
5. MAXIMUM 
MOLD PROTRUSION 0.15 10.0061 
PER SIDE. 


MILLIMETERS 
DIM 
MIN 
MAX 
A 
17.80 
18.05 
B 
7.40 
7.60 
C 
2.35 
2.65 
D 
0.35 
0.49 


f 
0.50 
0.90 
G 
1.27 BSC 
J 
0.25 
0.32 
K 
0.10 
0.25 
M 
0' 
7' 


P 
10.05 
10.55 
R 
0.25 
0.75 


MILLIMETERS 
DIM 
MIN 
MAX 
A 
10.15 
10.45 
B 
7.40 
7.60 
C 
2.35 
2.65 
D 
0.35 
0.49 


f 
0.50 
0.90 
G 
1.27 BSC 
J 
0.25 
0.32 
K 
0.10 
0.25 
M 
0' 
7' 


P 
10.05 
10.55 
0.25 
0.75 


INCHES 
MIN 
MAX 
0.701 
0.710 


0.292 
0.299 
0.093 
0.104 
0.014 
0.019 


0.020 
0.035 
0.050 BSC 
0.010 
0.012 
0.004 
0.009 
0' 
7' 


0.395 
0.415 
0.010 
0.029 


INCHES 
MIN 
MAX 


0.400 
0.411 
0.292 
0.299 
0.093 
0.104 
0.014 
0.019 
0.020 
0.035 
0.050 BSC 
0.010 
0.012 
0.004 
0.009 
0' 
7' 


0395 
Q.4IS 
0.010 
0.029 


NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND T IS A 


DATUM SURfACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5M.1982. 
3. CONTROLLING DIMENSION: MILLIMETER 
4. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 
5. MAXIMUM 
MOLD PROTRUSION 0.15 10.0061 


PER SIDE. 


CASE 762-01 
Plastic Medium Power Package 
SIP 9 


ROJA = 70° CiW(Typ) 


ROJC = W CiW(Typ) 
o 


FN SUFFIX 
CASE nS-02 
Plastic Package 
PLCC-20 


ROJA = 72° CiW(Typ) 
(5K SQML) 


-B 1+1018100071® 
1T1N®-p<!ll L®-M<!ll 


-u 1+101810007l® ITI N®-p<!ll L®-M<!ll 
1 
~, 


~xL 


Altlo.18l0.007J® 
ITILQ).M@!N(9..P(!)1 
VIEW 0·0 


RI+101810.007l® 
ITIL®-M<!lIN®-p<!l1 
H +O.1810.007l® 


~ 


+O'1810'007l® 
I 
j 
K' 
: : 
j 
E 
-J- -L" 
L' ~ 
~ 
o 
~J 
l.:!:JSlAflNGl'\AHE 
I 
JLF 
.f.O.18(O.CXl7I@ 


"'0.18HH107J@ 


DETAIL S 
DETAIL5 
-0'- 


1+lo"IOOlOl<!l 
[T[L®-M<!ll 
N®-p<!ll 


NOTES: 


1. DIMENSIONS 
A, AND C ARE DATUMS. 


AND ·T·IS A DATUM PLANE. 


2. POSITIONAL TOLERANCE FOR 
LEAD DIMENSION 0: 


1.1 
p025100101®I·T·1 
A®! 


3. POSITIONAL TOLERANCE FOR 


LEAC DIMENSION J: 


1.1 
P025100101®I·T·lc®1 
4. POSITIONAL TOLERANCE FOR LEAD 
DIMENSION 
Q: 


1 ••• 1 d>0.2510.0101®!·T·1 
A®I 
5. DIMENSIONING 
AND TOLERANCING 
PER ANSI 


Y14.5, 1982. 
6. CONTROLLING 
DIMENSION: 
MILLIMETER 


MilLIMETERS 


DIM 
MIN 
MAX 


A 
22.4{) 
23.00 
8 
6.4{) 
6.60 


C 
3.45 
3.65 
o 
0.4{) 
0.55 
E 
9.35 
9.60 


F 
1.4{) 
1.60 


G 
2.54 SSC 
H 
1.51 
I 
1.71 


J 
0.360 
I 
0.4{)O 


K 
3.95 
I 
4.20 


M 
30· SSC 
N 
2.50 
2.70 


Q 
3.15 
3.45 


R 
13.60 
13.90 
S 
1.65 
1.95 


U 
22.00 
22.20 
V 
0.55 
0.75 


W 
2.89 SSC 
X 
0.65 
0.75 
Y 
2.70 
2.80 


INCHES 


MIN 
MAX 


0.873 
0.897 


0.252 
0.260 
0.135 
1.143 


0.015 
0.021 


0.368 
0.377 


0.055 
0.062 


O.looSSC 


0.059 
0067 
0.014 
0.015 


0.155 
0.165 


30· SSC 


0.099 
0.106 
0.124 
0.135 


0.535 
0.547 


0.064 
0.076 


0.866 
0.874 
0021 
0.029 


0.113 SSC 


0.025 
0029 


0.106 
0.110 


NOTES: 
1. DATUMS ·L·, ·M·, ·N·, AND .p. DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 
2. DIM GI, TRUE POSTION TO BE MEASURED AT 
DATUM ·T·, SEATING PLANE. 


3. DIM RAND U DO NOT INCLUDE MOLD 


PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.2510.0101 PERSIDE. 


4. DIMENSIONING AND TOLERANCING PERANSI 
YI4.5M,I982 
5. CONTROLLING DIMENSION: INCH. 


MILUMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
9.78 
10.03 
0.385 
0.395 


B 
9.78 
10.03 
0.385 
0.395 


C 
4.20 
4.57 
0.165 
0.180 


E 
2.29 
2.79 
0.090 
0.110 


F 
0.33 
0.48 
0.013 
0.019 
G 
1.27 Bse 
0.050 Bse 


H 
0.66 
0.81 
0.026 
0.032 


J 
0.51 
0.020 
K 
0.64 
- 
0.025 
- 


R 
8.89 
9.04 
0.360 
0.356 


U 
8.89 
9.04 
0.360 
0.356 
V 
1.07 
1.21 
0.042 
0.048 


W 
1.07 
1.21 
0.042 
0.048 
X 
1.07 
1.42 
0.042 
0.056 
Y 
050 
0.020 


Z 
2· 
100 
2· 
ID" 


Gl 
7.88 
B.38 
0.310 
0.330 


KI 
1.02 
- 
0.040 
- 


Zl 
2· 
ID" 
2" 
10· 


FN SUFFIX 
CASE 776-02 


NOTES: 
• 


1. 
DUE 
TO 
SPACE 
LIMITATION. 
CASE 
Plastic Package 
776-02 
SHALL 
BE 
REPRESENTED 
BY 
A 
GENERAL 
(SMALLER 
I CASE 
OUTLINE 
PLCC-28 
DRAWING 
RATHER 
THAN 
SHOWING 
ROJA = 66° CIW(Typ) 
ALL 
28 LEADS. 


2. DATUMS 
·L·, ·M·, -N-, AND .p. DETERMINED 
(5K SQML) 
WHERE TOP OF LEAD SHOULDER 
EXIT PLASTIC 


BODY AT MOLD PARTING 
LINE. 


3. DIM Gl, TRUE POSITION 
TO BE MEASURED 
AT 


D~TUM 
·T·, SEATING 
PLANE. 


4. DIM RAND 
U DO NOT INCLUDE 
MOLD 


PROTRUSION, 
ALLOWABLE 
MOLD PROTRUSION 


,.I.• 
lo.1810,O:m® 
ITIHC!>-P(!)IL(!)-M<!ll 


1$0.25(0.010) 
PER SIDE. 
l~ 


Y8RK 
5. DIMENSIONING 
~ND TOlERANCING 
PER ANSI 


1-- 
u 1.• I0.1810.oo1l@) III 
NC!>-p(!)IL(!)-Mcr>1 


Y14.5M,1982. 


1 
6. CONTROLLING 
DIMENSION: 
INCH. 


~ 
~ 


NOn: 
1 
28 
f, 
=::V 
L£ADS 
,-- 
ACTU"'- 
2JW 
MIUIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
INOTE'I28~1:Jr 


A 
12.32 
12.57 
0.485 
0.495 
1-- 
8 
12.32 
12.57 
0.485 
0.495 
_xl 
C 
4.20 
4.51 
0.165 
0.180 
G' 
E 
2.29 
2.19 
0.090 
0,110 


1.• lo.2S(O.OlOl@) ITIH(J)-PIJ)IL(J)-MIJ)I 
F 
0.33 
0.48 
0,013 
0.019 
A 
1.lo.1810,OO7l@l 
ITIL(J)-MIJ)I 
N(D-plJ)l 
VlEW 
••• 
G 
1.27 BSC 
0.050 BSC 
- It-z 
H 
0.66 
0,81 
0.026 
0.032 
.'.'",_.',',~.,~~" 


• 
O,18lG.0071@)IT 
L(J)-MIJ) 
N(J)-PIJ) 
J 
0.51 
- 
0.020 
- 


.• 
O,18(O.0071@)IT 
N(J)-PIJ) 
L(J)-M(!l 
• 
0.64 
0.025 
j 
!,-- 


R 
11.43 
11.58 
0.450 
0,456 
~ 


0 
U 
11.43 
11.58 
0.450 
0.456 
j 
E 
V 
1.01 
1.21 
0,042 
0.048 


W 
1.01 
1.21 
0042 
0.048 


lNO~ll-- 
[7j~L L!~ 
~L 


X 
1.01 
1.42 
0.042 
0.056 


~J 
,T·tllTJIIHINlE 
.•. o.I810,oon@) 
T 
L(J)-MIJ) 
N(J)-PIJ) 
Y 
050 
0.020 


DETAIL S 
DETAil 
Sf 
.O.18IG.OOn@) 
T 
H(J)-PIJ) 
L(J)-MIJ) 
2 
r 
10' 
r 
10' 


-G'-~ 
Gl 
10.42 
10.92 
0.410 
0.430 
" 


1.02 
0.040 
- 


1.•. 10.25((1,oloJIJ) ITI 
L(J)-MIJ)! 
N(J)-PIJ)! 
21 
2' 
10' 
2' 
10' 


FN SUFFIX 
NOTES: 
• 


1. 
DUE 
TO 
SPACE 
LIMITATION. 
CASE 
CASE 777-02 
777·02 
SHALL 
BE 
REPRESENTED 
BY 
A 
Plastic Package 
GENERAL 
lSMALLER) 
CASE 
OUTLINE 


DRAWING 
RATHER 
THAN 
SHOWING 
PLCC-44 
ALL 
44 LEADS. 
ROJA = 55° CIW(Typ) 
2. DATUMS 
·L·, ·M·, ·N·. AND _po DETERMINED 


WHERE TOP OF LEAD SHOULDER 
EXIT PlASTIC 
(10K SQML) 
BODY AT MOLD PARnNG 
LINE, 


3. DIM G1. TRUE POsmON 
TO BE MEASURED 
AT 


DATUM 
·T·, SEATING 
PlANE. 


4. DIM RAND 
U 00 
NOT INCLUDE 
MOLD 


PROTRUSION. 
ALLOWABLE 
MOLD 
PROTRUSION 
l~ 


y8ft. 
B 
Itlo.18lo.oon® 
ITIH~P(!)ll~M(!)1 
IS 0,25 lO.0101 PER SIDE. 


5. DIMENSIONING 
AND TOLERANCING 
PER ANSI 
1-- 
u 
ItIO.18lo.0071® 
ITI 
N~p(!)ll(!)-M(!)1 
Y14.5M,1982 


~ 
~ 


1 
-NOTE 
1 
6. CONTROLLING 
DIMENSION: 
INCH. 
.. 
f, 
7 
L£AOS 
r- 
ACTU"'- 
~w 
F 
MIWMETERS 
INCHES 
DlM 
MIN 
MAX 
MtN 
MAX 
INOTE'I 
••~tJl' 
1-- 
~I=' 
A 
11.40 
11.65 
0.685 
0.695 
8 
17.40 
11,65 
0.685 
0.695 
-xL 


C 
420 
457 
0.165 
0.180 
G' 
E 
229 
2.19 
0.090 
0.110 


ItI0.1S10.Ol01@ 
ITIN~p(!)ll~M(!)1 
F 
0.33 
0.48 
0.013 
0.Q19 
AI 
.•. 10.1810.007l@ 
ITll(!)-M(!)IN~P(!)1 
VlEWD·D 
G 
W8SC 
0.~8SC 
- t-z 
H 
0.66 
0.81 
0.026 
0.032 
""'"....•"''"".~" 
:.."~: 


T 
l~M(!)IN~P(!) 
J 
0.51 
0.020 


018(00071 
T 
N~P(!)l~M(!)/ 
• 
0.64 
0.025 


j 
!.-- 


R 
16.51 
16.66 
0.650 
0666 


f 


0 
U 
16.51 
16.66 
0.650 
0.666 
.. 
V 
1.01 
1.21 
0.042 
0.048 
I • 
- -- 
• 
W 
1.01 
1.21 
0.042 
0.048 
/' JG[ 
L!~ 
r-JL, 
X 
1.01 
1.42 
0.042 
0.056 
lNO~1J---'"'" 
"'o.18lo.oon@ 
T 
l~M(!)N~P(!) 
Y 
- 
0.50 
- 
0.020 


~~ETAILS 
DETAILS 


"'O1810007l@ 
T 
N~P(!)l~M(!) 
2 
r 
10' 
r 
10' 


Gl 
15.50 
16.00 
0.610 
0.630 
_G,_ 
" 


1.02 
0.040 


1 ..• 
loJ5I0.010l(!) 
ITll~M(!lIH~p(!)1 
Z1 
r 
10' 
r 
10' 
&I 


Mounllng 
Hardware 
TO·204AA 
(Formerly TO-3) 


INSULATOR 


(3 OPTIONS 
AVAILABLE) 


MICA - 
B52600FOll 
FIBERGLASS 
- 
B510BOAOOl 


ANODIZED 
ALUMINUM 
- 
B51078AOOl 


"NO.6 
SHEET 
METAL 
SCREWS 
o 
I 
~ 


I 


"NYLON 
INSULATING 
BUSHII~G 
B51547FOO2 


o o 


o 
o 


0.045 + 0.003DIA 
I 


0.144 + 0.003DIA 


(2 HOLES) 
U 


0.188.---- 
0.171DIA 
(2 HOLES) 0.218 DIA 


(2 HOLES) 
0.594 
1.1a2 
1.192 
1.600 


0.003 TEFLON-COATED 
FIBERGLASS INSULATOR 
B51080A001 


.020 ALUMINUM 
INSULATOR 
B51078A001 


XP PHENOLIC, 
VACUUM WAX 
IMPREGNATED 
0.150 


~AX 


I 


.002 MICA 
INSULATOR 
B52600F011 


lEI 


BRASS, 
CADMIUM PLATED 
00002 THK "'''~-~lr;'" 


L.1n±.003 


DIA 


NYLON INSULATING BUSHING 
B51547FOO2 


~~----D 
~ 


2.03-2.36J L 12.70±0.79 -I 
NO.6 SHEET METAL SCREW 


0.080-0.093 
0.500± 0.031 
~ 
B51564FOO3 


rrm 
1.00 
1.30 
0.695 


® MOTOROLA 


PREFERRED 
ARRANGEMENT 


for 
Isolatea 
or Non-isolated 
Mounting. 
Screw is at Semi· 


conductor 
Case Potential. 


6-32 Hardware is Used. 


ALTERNATE 
ARRANGEMENT 


for 
Isolated 
Mounting 
when Screw must be at 


Heat-Sink 
Potential. 


4·40 Hardware 
is Used. 


Choose from Parts listed 


Below .• 


~L1 
~ 
«,."."OOC". 


~ 
- 
B094B9A034 
I 
I 
/NYLON 
INSULATING 
BUSHING 


i 
/ 
BS1S47F019 
L-,!:,J 
~ 


I 


RECTANGULAR 
STEEL 
WASHER(l) 


B09002A001 


SEMICONDUCTOR 
TO-220 
AB 


ICASE221. 221A} 


SEMICONDUCTOR 


(CASE 
221,221 
A) 


~-_/- 
~/ 


RECTANGULAR 
MICA 
INSULATOR 
(2) 


B08853A001 
::: 
•....•.. 
=:::=========:::=============:: 


HEAT SINK 


"?~--- 


"" 
RECTANGULAR 


MICA INSULATOR 
B08853AOOl 
-~L" 


HEATSINK 
NYLON BUSHING (2) 


BS1S47FOOS 


FLAT WASHER ~ 
! 
~ 


B51567F036 
--~~~~ 
COMPRESSION WASHER 
"-= 
/ 
B52200F005 


COMPRESSION or 
/ 
l~;~:~~~: 
R (4) ,,~:s;~~~~~~~~~~(~ 


6-32 HEX NUT 
4-40 HEX NUT 
B09490AOO6 
~ 
B09490AOOS 


(-;::--;:-) 
I 
I 


(1) Used with thin chassis and/or large hole. 
(21 Used when isolation is required. 
(31 Required when nylon bushing and lock washer are used. 
(41 Compression washer preferred when plastic insulating 
material is used. 


TORQUEREQUIREMENTS 


Insulated 0.68 N-M (6 in-lbs) max 


Noninsulated 0.9 N·M (8 in·lbs> max 


MOUNTING 
HARDWARE 
TO-220AB 


NOTES: 


1. DIMENSIONING 
AND TOLERANCING 
PER ANSI 


Y14.5M. 
1982. 


2. CONTROLLING 
DIMENSION: 
INCH. 


3. DIM Z DEFINES A ZONE WHERE ALL 80DY 
AND 


LEAD IRREGULARITIES 
ARE ALLOWED. 


MILUMmRS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
14.48 
15.75 
0.570 
0.620 


8 
9.66 
10.28 
0.380 
0.405 


C 
4.07 
4.82 
0.160 
0.190 


D 
0.64 
0.88 
0.025 
0.035 
F 
3.61 
3.73 
0.142 
0.147 


G 
2.42 
2.66 
0.095 
0.105 


H 
2.80 
3.93 
0.110 
0.155 


J 
0.36 
0.55 
0.014 
0.022 


K 
12.70 
14.27 
0.500 
0.562 


L 
1.15 
1.39 
0.045 
0.055 


N 
4.83 
5.33 
0.190 
0.210 


Q 
2.54 
3.04 
0.100 
0.120 


R 
2.04 
2.79 
0.080 
0.110 


S 
1.15 
1.39 
0.045 
0.055 


T 
5.97 
6.47 
0.235 
0.255 


U 
0.00 
1.27 
0.000 
0.050 


V 
1.15 
- 
0.045 
- 


Z 
- 
2.04 
- 
0.080 


(DIMENSION 
_ MILLIMETER) 


INCH 


3.05·3.28 


~[.,~.•", 
I 


9.27-9.53 


0.365-0.37~ 


i~ 
I 
1.02-1.40 
0.040-0.055 


STEEL COMPRESSION 
WASHER 
B52200F005 


J?1'3.81~ 
."..". ~ 


I 


I 
8.20·8.46 -I 
1.02-1.40 


~~0.040-0.055 
C==;S. I 


STEEL COMPRESSION 
WASHER 


B52200F004 


HEX HEAD SCREW 


CARBON STEEL 
CADMIUM-PLATED 
(See table below.l 


HEX NUT 


CARBON STEEL 


CADMIUM-PLATED 
(See table below,) 


K 


1384·1410 
0545·0.555L 


1.35-1.57 
~ 
0.053-0.062 


,4.60_ 


,4:J 


86 
0.575-0.585 


4.97-5.23 
0.196-0.201 


21.43-21.17 
0.046-0.086 


0.844-0.833 
-.l 0.0018-0.0034 
! 


RECTANGULAR 
STEEL WASHER 
809002AOOl 
001' 
~ 
~ 
--t 
5.46·5.12 


~ 
~ 
0.400-0.410 --l 


Iii 
I 


1.51-1.72~ 


0.0595-0.0680 


DIMENSIONS 
- 
MILLIMETER 
(INCH) 


NYLON BUSHING 


NYLON 
INSULATING 
8USHING 


(See 
teble 
below.l 


PART NO. 
DIMA 
DIM 
B 
DIM 
C 
DIM 
D 
DIM 
E 


851547F005 
9.40-9.65 
3.84-4.09 
2.16-2.41 
6.10-6.35 
1.02-1.27 
(0.370-0380) 
(0.151-0.161) 
(0.085-0.095) 
(0.240-0.250) 
(0.040-0.050) 


B51547F019 
5.59-6.10 
3.05-3.15 
1.73-1.91 
3.61 -3.68 
0.51 -0.64 
(0.220-0.240) 
(0.120-0.124) 
(0.068-0075) 
(0.142-0.145) 
(0.020-0.025) 


TYPE 
PART NO. 
DIMG 
DIM 
H 
DIMJ 
DIM 
K 


4-40 
B09490AOO5 
6.12-6.35 
(0.241 -0.250) 
6.98- 7.34 (0.275-0.289) 
2.21 -2.49 (0.087-0.0981 
2.84 NOM (0.112 NOM) 


6-32 
B09490A006 
7.67-7.92 
(0.302-0.312) 
8.74-9.17 
(0.344-0.361 
I 
2.59-2.90 
(0.102-0.1141 
3.50 NOM (0.138 NOM) 


TYPE 
PART NO. 
DIM 
M 
DIM 
N 
DIM 
P 
DIMQ 
DIMR 


4-40 
B09489A034 
0.112-40 
1.57 (0.62) 
1.24- 1.52 (0.049-0.0601 
5.13 MIN (0.202 
MIN) 
4.60-4.75 
(0.181-0.187) 


632 
B09489A035 
0.138-32 
1.57 (0.62) 
2.03-2.36 
(0.080-0.093) 
6.91 MIN (0.272 
MIN) 
6.20-6.35 
(0.244-0.250) 


The maximum 
power 
consumption 
an integrated 
circuit 
can tolerate 
at a given 
operating 
ambient temperature, 
can be found from the equation: 


TJ(max) 
- 
TA 
P(DT 
) - 
- 
- 
A 
- 
R9JA (Typ) 


Where: PD(TA) = power dissipation allowable at a given operating ambient temperature. 


TJ(max) 
= Maximum operating junction temperature 
as listed in the maximum ratings 
section 
TA = Desired operating ambient temperature 
R9JA(Typ) 
= Typical thermal resistance junction 
to ambient 


Maximum 
Ratings 


Rating 
Symbol 
Value 
Unit 


Operating 
Ambient 
Temperature 
Range 
TA 
o to +70 
°C 
-40 
to +85 
°C 


Operating 
Junction 
Temperature 
TJ 
150 
°C 


Storage 
Temperature 
Range 
Tstg 
-55 
to + 150 
°C 


160 


c·!W 


9J A 
I 
I 
I 
I 
I 
MAX DIE SIZE 
I 
8K MILS2 


1 SEE FIG. 2 FOR 
I HEAT SINK DETAIL 
120 


c·!W 
'JA 


Figure 1. Thermal 
Resistance, 
Junction-to- 
Ambient 
(OelW) 


Figure 2. Th~rmal Resistance 
for SOP-8 
Package 
Die 2K mils2 


Measurement 
specimens are solder mounted on a Philips SO test board #7322-078, 
80873 in still air. No auxiliary thermal conduction 
aids are used. As thermal resistance 
varies inversely with die area, a given package takes thermal resistance values between 
the max and min curves shown. These curves represent the smallest (2000 square mils) 
and largest (8000 square mils) die areas expected to be assembled in the sOle package. 


Quality and 
Reliability Assurance 


The word Quality 
has been used to describe many things, 


such 
as fitness 
for 
use, 
customer 
satisfaction, 
customer 


enthusiasm, 
what the customer 
says quality 
is, etc. These 
descriptions 
convey important truths, however quality should 
be described in a way that precipitates 
immediate action. With 
that in mind quality 
can be described 
as reduction 
of var- 
iability 
around 
a target, 
so that conformance 
to customer 
requirements/expectations 
can 
be achieved 
in a cost 
effective 
way. This definition provides direction and potential 
for immediate 
action for a person desiring to improve quality. 


Quality 
Improvement 
for a task or a process can be quickly 
described 
in terms of the target, current status with respect 


to target (variability), 
reduction 
of variability 
(commitment 
to 
never 
ending 
improvement), 
customer 
requirements 
(who 
receives 
output, 
what 
are person's 
requirements/expecta- 


tions) and economics 
(cost of nonconformance; 
loss function, 


etc.). 


The definition of quality as described above can be applied 
to a task, process or a whole company. 
If we are to reap the 


benefits of quality and obtain a competitive 
advantage, quality 


must be applied to the whole company. 


Application 
of quality to the whole company 
has come to 
be known by such names as "Total 
Quality 
Control" 
(TQC); 


"Company 
Wide Quality 
Control" 
(CWQC);" 
Total Quality 
Excellence" 
(TQE); 
"Total 
Quality 
Involvement" 
(TQI), 


These 
names 
attempt 
to convey 
the idea that quality 
is a 
process (a way of acting continuously) 
rather than a program 
(implying a beginning and an end). Nevertheless 
for this pro- 
cess to be successful 
it must be able to show measurable 


results. 


Implementation 
of quality ideas, company, wide requires a 


quality 
plan 
showing: 
A philosophy 
(belief) 
of operation, 


measurable 
goals, 
training 
of individuals 
and 
methods 
of 


communicating 
this 
philosophy 
of operation 
to the whole 


organization, 


Motorola, for example, believes that quality 
and reliability 
are the responsibility 
of every 
person. 
Participative 
Man- 
agement 
Program 
(PMP) is the process 
by which problem 
solving 
and quality improvement 
are facilitated 
at all levels 
of the organization. 
Continuous 
improvement 
for the indi- 


vidual is facilitated 
by a broad educational 
program covering 
on-site, university and college courses. The Motorola 
Train· 
ing and Education 
Center (MTEC) provides leadership and 
administers 
this educational 
effort on a company wide basis. 


Another 
key belief 
is that quality 
excellence 
is accom- 
plished 
by people 
doing 
things 
right 
the 
first 
time 
and 
committed 
to never ending 
Improvement. 
The Six Sigma 
(6u) challenge 
is designed 
to convey and facilitate 
the idea 
of continuous 
improvement 
at all levels. 


"Six 
Sigma 
is the required capability level to approach the 
standard. 
The standard 
is zero defects. 
Our goal is to be 
Best-In-Class 
in prOduct, sales and service." 
(For a more 
detailed 
explanation, 
contact 
your Motorola 
Representative 
for a pamphlet 
of the Six Sigma Challenge.) 


Quick insight into Six Sigma Is obtained 
if we realize that 


a Six Sigma process 
has variability 
which is one half of the 


variation allowed (tolerance; spread) by the customer require- 
ments (I.e. natural variation is one half of the customer spec- 


ification range for a given characteristic), 
When Six Sigma is 
achieved, 
virtually 
zero defects are observed 
in the output of 
a process/product 
even allowing 
for potential 
process shifts 
(Figure 
1). 


Virtually 
Zero Defects 


(3.<4 ppm) 
\ 


Policies, objectives 
and five 
year plans 
are the mecha- 
nisms 
for communicating 
the key beliefs 
and measurable 
goals to all personnel and continuously 
keeping them in focus. 


This is done 
at the corporate, 
sector, group, 
division, 
and 
department 
levels. 
The Analog 
Division, 
for example, 
evaluates 
performance 
to the corporate 
goals of 10 Fold 
Improvement 
by 1989; 


100 Fold 
Improvement 
by 1991 and achievement 
of Six 
Sigma 
capability 
by 1992 by utilizing indices such as Out- 


going 
Electrical 
and 
Visual 
Mechanical 
Quality 
(AOQ) 
in 
terms of PPM (parts per million or sometimes 
given in 'parts 
per billion'); % of devices 
with 
zero PPB; product 
quality 
returns 
(RMR); number of processes/products 
with specified 
capability 
Indices 
(cp; 
cpk); 
Six Sigma 
capability 
road· 


maps; 
failure 
rates for various 
reliability 
tests 
(operating 
life, temperature 
humidity 
bias, 
hast, temperature 
cycling, 


etc.); on time delivery; 
customer 
product 
evaluation 
and 
failure 
analysis 
turnaround; 
cost 
of 
nonconformance; 
productivity 
Improvement 
and personnel 
development. 


Figure 2 shows the improvement 
in electrical outgoing qual- 


ity for bipolar 
analog 
products 
over recent years in a nor- 


malized form. 
Documentation 
control 
is an important 
part of statistical 


process 
control. 
Process 
flow charting 
with documentation 
identified 
allows 
visualization 
and therefore 
optimization 
of 
the process. 
Figure 
4 shows 
a portion 
of a flow chart for 
Wafer 
Fabrication. 
Control 
plans 
are an important 
part of 
Statistical 
Process Control, these plans identify in detail crit- 
ical points where data for process control is taken, parameters 
measured, 
frequency 
of measurements, 
type 
of control 
device used, measuring 
equipment, 
responsibilities 
and reac- 


tion plans. Figure 5 shows a portion of a control plan for wafer 
fabrication. 
These flow charts and control plans exist for all 
product flows. 


Six Sigma progress 
is tracked 
by roadmaps. 
A portion of 
a road map is shown for example 
on Figure 6. 
On Time Delivery 
is of great importance, 
with the current 
emphasis 
on just-in-time 
systems. 
Tracking 
is done on an 
overall basis, and at the device level. 
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ROLLING 
13 WEEK 
ENDING 
NOV. '87 


ZERO PPB 
1K-99K 
PPB 
looK-499K 
PPB 
5OOK-999K 
PPB 
~ 
1000K PPB 
[2ZZ22J 
~ 
Iz=Z2J 
~ 
~ • 


PROCESS 
CONTRUL 
PLAN 


DOCUMENTATION 
" 
SPC 


FLOW 
OPERATION 
REFERENCE # 
IMPLEMENTATION 


~ 


BURIED LAYER OXIDE 


PREDIFFUSION CLEAN 
12MSM 45640A 
WAFER INSPECTION AFTER CLEAN 
12MSM 53692A 


BURIED LAYER OXIDE 
12MSM 35443A REF. #1 
CONTROL PLAN, OXIDE THICKNESS 
NANOSPECIAFTER DEP. 
12MSM 51418A 
CVPLOTnNG 
12MSM 53805A 
CV EVALUATION 
12MRM 45488A 


BURIED LAYER PHOTO MASK 


WAFERTRAC PROCESS 
12MSM 51416A REF. #10 
X BAR & R, RESIST THICKNESS 


(SCRUBIBAKEICOATIBAKEj 


Code 
Description 
Code 
Description 
A. 
VISUAL DEFECTS 
E. 
FILM SHEET RESISTANCE 
B. 
VISUAL DEFECTS ... MICROSCOPE 
F. 
REFRACTIVE INDEX 
C. 
PARTICLE ... MONITOR 
G. 
CRITICAL DIMENSION 
D. 
FILM THICKNESS 
H. 
CV PLOT 


Reaction 
Plan: 
Ref. 
Characteristic 
PartlProcess 
Measurements 
Analysis 
Frequency 
Point out 01 
No. 
Anected 
Detail 
Method 
Methods 
Sample 
Size 
Limit 
(3) (41 
---- 


0 
OXIDE 
NANOMETRIC 
CONTROL 
EVERY RUN 
IMPOUND LOT (1) 
THICKNESS 
GRAPH 
3 WFAIRUN 
ADJUST TIME TO 
CENTER PROCESS 
PER SPEC 


0 
THICKNESS 
DIGILAB 
X 
RCHART 
EVERY RUN 
IMPOUND LOT (1) 
SSITESiWFR 
NOTlFYENGR. 


0 
THICKNESS 
DIGILAB 
X 
R CHART 
lWFAISHIFT 
IMPOUND LOT (2) 
SSITESiWFR 
NOTIFY ENGR. 


FILM 
4PT PROBE 
X 
R CHART 
EVERY RUN 
IMPOUND LOT (1) 
RESISTIVITY 
5SITESiWFR 
NOTIFY ENGR. 


4PT PROBE 
X 
R CHART 
lWFAISHIFT 
IMPOUND LOT (2) 
5SITES,wFR 
NOTIFYENGR. 


EVERY LOT 
IMPOUND LOT 
1 CTRL WFR 
NOTIFY LP!)' 
PER LOT 


• 
Product description 
• Marketing 
• 
Industrial Design 
• R&D/Developmental Engineering 
• Actual or potential customers 


2. Determine specified product elements 
contributing to critical characteristics 
• Critical Characteristics Matrix 
• Cause-and-effect and Ishikawa diagrams 
• 
Success treelfault tree analysis 
• Component search or other forms of planned 
experimentation 
• 
FMECA (Failure Mode Effects and Critical Analysis) 


3. For each product element, determine 
the process step or process choice 
that affects or controls required performance 


• 
Planned experiments 
• Computer-aided simulation 
• TOP/process engineering studies 
• 
Multi-vari analysis 
• 
Comparative experiments 


4. Determine maximum (real) allowable 
tolerance for ear,h - 
and pr 


• Graphing techniques 
• Engineering handbooks 
• 
Planned experiments 
• Optimization, especially response surface melhodolOll" 


Reliability 
is the probability 
that a Linear integrated circuit 
will perform 
its specified 
function 
in a given environment 
for 
a specified 
period of time. This is the classical 
definition 
of 
reliability 
applied to Linear integrated 
circuits. 
Another 
way of thinking 
about reliability 
is in relationship 


to quality. While quality is a measure of variability 
(extending 
to potential 
nonconformances-rejects) 
in the population 
domain, 
reliability 
is a measure 
of variability 
(extending 
to 
potential 
nonconformances-failures) 
in the population, 
time 
and environmental 
conditions 
domain. In brief reliability 
can 
be thought 
of as quality 
over 
time 
and 
environmental 
conditions. 
The most frequently 
used reliability measure for integrated 
circuits is the failure 
rate expressed 
in percent per thousand 
device 
hours (%/1000 
hrs.). If the time interval 
is small the 
failure rate is called "Instantaneous 
Failure 
Rate" 
[A (t)] or 


"Hazard 
Rate." 
lithe 
time interval is long (for example total 
operational 
time) the failure rate is called "Cumulative 
Fall· 
ure Rate." 
The number 
of failures 
observed, 
taken over the number 
of device 
hours accumulated 
at the end of the observation 
period and expressed 
as a percent is called the point estimate 
failure rate. This however, 
is a number obtained from obser- 
vations from a sample 
of all integrated 
circuits. 
II we are to 
use this number 
to estimate 
the failure rate of all integrated 
circuits 
(total population), 
we need to say something 
about 
the risk we are taking by using this estimate. A risk statement 
is provided 
by the confidence 
level expressed together with 


the failure rate. For example, 
a 0.1% per 1000 device hours 
lailure rate at 90% conlidence 
level can be thought of as 90% 


of the integrated 
circuits will have a failure rate below 0.1 %/ 


1000 hours. 
Mathematically 
the failure rate at a given con- 


fidence level is obtained from the point estimate and the CHI 
square 
(X2) distribution. 
(The X2 is a statistical 
distribution 
used to relate the observed 
and expected frequencies 
of an 
event) 
In practice, 
a reliability calculator 
rule is used which 
gives the failure rate at the confidence 
level desired for the 
number of failures and device hours under question. 


As the number of device hours increases, 
our confidence 
in the estimate inc"ceases. In integrated circuits, it is preferred 
to make estimates 
on the basis of failures per 1,000,000,000 
(109) device hours (FITS) or more. II such large numbers of 
device 
hours are not available 
for a particular 
device, then 
the 
point 
estimate 
is obtained 
by pooling 
the 
data 
from 
devices 
that 
are similar 
in process, 
voltage, 
construction, 


design, etc., and for which we expect to see the same failure 
modes in the field. 
The environment 
is specified 
in terms of the temperature, 


electric field, relative humidity, etc., by an Eyring 
type equa- 
tion of the form: 


A=Ae-~ 
KT 


B 
...e - 
RH 
C 
...e - E 


Where A, B, C, '" & K are constants, 
T is temperature, 
RH 
is relative humidity, 
E is the electric field, etc. 


The most familiar form of this equation deals with the first 
exponential 
which 
shows 
an Arrhenlous 
type 
relationship 
of the failure 
rate versus the junction 
temperature 
of inte- 
grated circuits, 
while the causes of failure generally 
remain 
the same. Thus, 
we can test devices 
near their maximum 
junction temperatures, 
analyze the failures to assure that they 
are the types that are accelerated 
by temperature 
and then 
applying 
known 
acceleration 
factors, 
estimate 
the 
failure 
rates for lower junction 
temperatures. 
Figure 
7 shows 
an 


example 
of a curve which gives estimates 
of typical failure 
rates versus temperature 
for integrated 
circuits. 


. 
f' 
A 
0 
Arrhenlous 
type 0 equation: 
A = 
e - 
KT 


Where: 
A 
A 
e 
o 
K 
T 


= Failure Rate 
= Constant 
= 2.72 
= Activation 
Energy 
= Bolzman's 
Constant 


= Temperature 
in Degrees Kelvin 


TJ = TA + /lJA PD or TJ = TC + /lJC PD 


Where: 
TJ 
= Junction 
Temperature 
TA 
= Ambient 
Temperature 
TC 
= Case Temperature 
/lJA = Junction 
to Ambient Thermal 
Resistance 
/lJC = Junction 
to Case Thermal 
Resistance 
PD 
= Power Dissipation 


Failure rate curves for equipment 
and devices can be rep- 
resented 
by an idealized 
graph 
called the Bathtub 
Curve 
(Figure 8). 
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There are three important 
regions identified on this curve. 
In Region 
A, the failure 
rate decreases 
with time and it is 
generally 
called Infant 
mortality 
or early life failure region. 
In Region B, the failure rate has reached a relatively constant 
level and 
it is called 
constant 
failure 
rate 
or useful 
life 
region. 
In the third region, the failure rate increases 
again 
and it is called 
wearout 
region. 
Modern 
integrated 
circuits 
generally do not reach the wearout portion of the curve when 
operated 
under normal use conditions. 


The wearout 
portion of the curve can usually be identified 
by using highly accelerated 
test conditions. 
For modern inte- 


grated 
circuits, 
even the useful 
life portion 
of the curve 
is 
characterized 
by so few failures 
compared 
to the accumu- 
lated device hours, that the useful 
life portion of the curve 
looks like a continuously 
decreasing 
failure rate curve (Figure 
8, dotted line). 
The Infant 
mortality 
portion of the curve is of most interest 
to equipment 
manufacturers 
because 
of its impact on cus- 
tomer perception and potential warranty costs. In recent years 
the infant mortality portion of the curve for integrated circuits, 
and even equipment, 
has been drastically 
reduced 
(Figure 
8, note arrows 
showing 
reduction 
of infant mortality). 
The 
reduction was accomplished 
by improvements 
in technology, 
emphasis 
on statistical 
process 
control, 
reliability 
modeling 
in design 
and reliability 
in manufacturing 
(wafer 
reliability, 
assembly 
reliability, etc.). In this respect many integrated cir- 


cuit 
families 
have 
a continuously 
decreasing 
failure 
rate 
curve. 


Does a user still need to consider burn-in? For this question 
to be answered properly the IC user must consider the target 
failure 
rate of the equipment, 
apportioned 
to the compo- 
nents used, application 
environment, 
maturity 
of equipment 
and components 
(new versus mature technology), 
the impact 
of a failure (i.e. safety versus casual entertainment), 
main- 
tenance costs, etc. Therefore, 
if the IC user is going through 
these considerations 
for the first time, the question 
of burn- 
in at the component 
level should be discussed 
during a user- 
vendor interface 
meeting. 
A frequently 
asked question 
is about the reliability 
differ- 
ences between plastic 
versus hermetic 
packaged integrated 
circuits. In general, for all bipolar integrated circuits including 
linear, the field removal 
rates are the same for nonmal use 
environments, 
with 
many 
claims 
of plastic 
being 
better 
because of their "solid block" structure. 


The tremendous 
increase in reliability of plastic packages 
has been accomplished 
by the continuous 
improvements 
in 
piece 
parts, 
materials 
and processes. 
Nevertheless 
differ- 
ences can still be observed 
under highly accelerated 
envi- 
ronmental 
conditions. 
For example, 
if a bimetallic 
(gold wire 
and aluminum 
metallization) 
system is used in plastic pack- 
ages and they are placed on a high temperature 
operating 
life test (125°C) then failures 
in the form of opens will be 
observed 
after 10,000 hours of continuous 
operating 
life at 
the gold to aluminum 
interface. Packages, 
whether plastic or 
hermetic, with a monometallic 
system (aluminum 
wire to alu- 
minum 
metallization) 
will 
have 
no opens 
because 
of the 
absence 
of the gold to aluminum 
interface. 
As a result, a 
difference 
in failure rates will be observable. 


Differences 
in failure rates between plastics and henmetics 
could be observed 
if devices 
from both packaging 
systems 
are placed 
in an environment 
of 85°C; 85% RH with bias 
applied. At some point in time plastic encapsulated 
ICs should 
fail since they are considered 
pervious by moisture, (the fail- 
ure mechanism 
being corrosion 
of the aluminum 
metalliza- 
tion) while hermetic 
packages 
should not fail since they are 
considered 
impervious 
by moisture. 
The reason 
the word 


"should" 
was used is because 
advances 
in plastic 
com- 
pounds, 
package 
piece parts, encapsulation 
processes 
and 
final chip passivation 
have made plastic 
integrated 
circuits 
capable 
of operating 
more than 5000 hours without failures 
in an 85°C; 85% RH environment. 
Differences 
in failure rates 
due to internal corrosion 
between plastic and hermetic pack- 
ages may not be observable 
until well after 5000 operating 
hours. 
The aforementioned 
two examples 
had environments 
sub- 
stantially 
more 
accelerated 
than 
normal 
life so these 
two 
issues 
discussed 
are not even a factor 
under 
normal 
use 
oonditions. 
In addition, 
mechanisms 
inherent 
in hermetic 
packages 
but absent 
in plastics 
were not even considered 
here. 
Improved 
reliability 
of plastic 
encapsulated 
ICs has 
decreased 
demand of hermetic 
packages to the point where 
many devices are offered only in plastic packages. 
The user 
then should feel comfortable 
in using the present plastic pack- 
aging systems. 
A final question 
that is asked by the IC users is: how can 
one be assured 
that the reliability 
of standard 
product does 
not degrade over time? This is acoomplished 
by our emphasis 
on statistical 
process 
control, 
in-line 
reliability 
assessment 
and reliability auditing by periodic and strategic sampling and 
accelerated 
testing 
of the various 
integrated 
circuit device 
packaging 
systems. 
A description 
of these audit programs 
follows 
below. 


Linear Reliability Audit 
Program 


The reliability of a product is a function of design and man- 
ufacturing. 
Inherent reliability is the reliability which a product 
would have if there were no imperfections 
in the materials, 
piece parts and manufacturing 
processes of the product. The 
presence 
of imperfections 
gives risk to the actual reliability 
of the product. 


Motorola 
uses on-line and off-line reliability 
monitoring 
in 
an attempt 
to prevent 
situations 
which could degrade 
relia- 
bility. On-line reliability monitoring 
is at the wafer and assem- 
bly levels while off-line reliability monitoring involves reliability 
assessment 
of the finished product through the use of accel- 
erated environmental 
tests. 
Continuous 
monitoring 
of the reliability of Linear integrated 
circuits 
is accompished 
by the Linear Reliability 
Audit 
Pro- 
gram, which is designed 
to compare 
the actual reliability to 
that specified. 
This objective is accomplished 
by periodic and 
strategic 
sampling 
of the various 
integrated 
circuit 
device 
packaging 
systems. 
The samples 
are tested 
by subjecting 
them to accelerated 
environmental 
conditions 
and the results 
are reviewed 
for unfavorable 
trends 
that would 
indicate 
a 
degradation 
of the reliability 
or quality of a particular 
pack- 
aging system. This provides 
the trigger mechanism 
for initi- 
ating an investigation 
for cause and corrective 
action. Con- 
currently, 
in order to provide 
a minimum 
of interruption 
of 
product flow and assure that the product is fit for use, a lot 
by lot sampling or a nondestructive 
type 100% screen is used 
to assure 
that a particular 
packaging 
system 
released 
for 
shipment 
does 
have the expected 
reliability. 
This rigorous 
surveillance 
is oontinued 
until there is sufficient proof (many 
consecutive 
lots) that the problem has been corrected. 


The Standard 
Logic and Analog Integrated 
Circuits Group 
has used reliability 
audits since the late sixties. 
Such pro- 
grams have been identified by acronyms such as CRP (Con- 
sumer 
Reliability 
Program), 
EPIIC (Environmental 
Package 
Indicators for Integrated 
Circuits), 
LAPP (Linear Accelerated 


Punishment 
Program), 
and RAP (Reliability 
Audit Program). 


Currently, the Bipolar Analog Reliability Audit Program con- 
sists of a Weekly 
Reliability Audit and a Quarterly 
Reliability 
Audit. The Weekly 
Reliability 
Audit consists 
of rapid (short 
time) types of tests used to monitor the production 
lines on 
a real time basis. This type of testing 
is performed 
at the 
assemblyl1est sites worldwide. 
It provides data for use as an 
early warning system for identifying 
negative trends and trig- 
gering investigations 
for causes and corrective 
actions. 
The Quarterly 
Reliability 
Audit consists of long term types 
of tests and is performed 
at the U.S. Bipolar Analog Division 
Center. The data obtained from the Quarterly 
Reliability Audit 
is used to assure that the correlation 
between the short term 
weekly tests and long term quarterly 
tests has not changed, 


and a new failure mechanism 
has not appeared. 


A large data base is established 
by combining 
the results 
from the Weekly 
Reliability 
Audit with the results 
from the 
Quarterly 
Reliability Audit. Such a data base is necessary 
for 
estimating 
long term failure 
rates and evaluating 
potential 
process 
improvement 
changes. 
Also, 
after 
a process 
improvement 
change has been implemented, 
the Linear Reli- 
ability Audit 
Program 
provides 
a system 
for monitoring 
the 
change 
and the past history 
data base for evaluating 
the 
affect of the change. 


The Weekly Reliability Audit is performed 
by each assem- 
bly/test site worldwide. 
The site must have capability for final 
electrical and quality assurance 
testing; reliability testing and 
first level of failure analysis. 
The results are reviewed 
on a 
oontinuous 
basis and corrective 
action is taken when appro- 
priate. The results are accumulated 
on a monthly basis and 
published. 
The Reliability 
Audit test plan is as follows: 


Electrical 
Measurements: 
Performed 
initially and after each 
reliability 
test, consists 
of critical parameters 
and functional 
testing at 25°C on a go-no-go 
basis. 


High Temperature 
Operating 
Life: Performed to detect fail- 
ure mechanisms 
that are accelerated 
by a combination 
of 
temperature 
and electric fields. Procedure and conditions are 
per the MIL-STD-883, 
Method 
1015 with an ambienttem- 
perature of 145°C for 40 hours or equivalent 
based on a 1.0eV 
activation 
energy and the Arrhenious 
equation. 


125°C 


4 
1 


50°C 


4000 
1000 


Temperature 
CyclinglThermal 
Shock: 
Performed to detect 
mechanisms 
related to thermal expansion 
and contraction 
of 
dissimilar 
materials, 
etc. Procedures 
and oonditions 
are per 
MIL-STD-883, 
Methods 
1010 or 1011, with ambienllemper- 
atures of - 65°C to + 150°C or - 40°C to + 125°C (JEDEC- 
STD-22-A104), 
minimum 
of 100 cycles. 


Pressure 
Temperature 
Humidity 
(Autoclave): 
Performed 
to measure 
the moisture 
resistance 
of plastic encapsulated 
packages. 
It detects corrosion 
type failure mechanisms 
due 
to free ionic contaminants 
that may have entered the package 
during 
the 
manufacturing 
processes. 
Conditions 
are 
per 


Analysis 
Procedure: 
Devices 
failing to meet the electrical 
criteria after being subjected 
to an accelerated 
environment 
type test are verified and characterized 
electrically, then sub- 
mitted for failure analysis. 


The Quarterly 
Bipolar Analog 
Reliability 
Audit Program 
is 
performed 
at the U.S. Bipolar Analog 
Division Center. This 
testing is designed to assure that the correlation 
between the 
short term weekly 
tests and the longer quarterly 
tests has 
not 
changed 
and 
that 
no 
new 
failure 
mechanisms 
have 
appeared. 
It also provides 
additional 
long term information 
for a data base for estimating 
failure rates and evaluation 
of 
potential 
process 
improvement 
changes. 


Electrical 
Measurements: 
Performed 
initially and at interim 
readouts, consist of all standard dc and functional parameters 
at 25'C, 
measured 
on a go-no-go 
basis. 


High Temperature 
Operating 
Life Test: Performed to detect 
failure mechanisms 
that are accelerated 
by a combination 
of 
temperature 
and electric fields. Procedure and conditions are 
per MIL-STD-883, 
Method 
1015, with an ambient tempera- 
ture of 145'C for 40 and 250 hours or equivalent, 
based on 
1.0eV activation 
energy and the Arrhenious 
equation. 


145·C 
125'C 


12S·C 


4 
1 


SO·C 


4000 
1000 


Temperature 
CycllngfThermal 
Shock: 
Performed to detect 
mechanisms 
related to thermal 
expansion 
and contraction, 


mismatch effects, etc. Procedure and conditions 
are per MIL- 
STD-883, Methods 1010 or 1011, with ambient temperatures 
of - 65·C to + 150'C 
or - 40'C 
to + 125'C 
(JEDEC-STD- 
22-A104) for 100 and 1000 cycles. Temperature 
Cycling and 
Thermal 
Shock are used interchangeably. 


to measure 
the moisture 
resistance 
of plastic encapsulated 
packages. 
It detects 
corrosion 
type failure 
mechanism 
due 
to free ionic contaminants 
that may have entered the package 
during 
the 
manufacturing 
processes. 
Conditions 
are 
per 
JEDEC-STD-22, 
Method 102, a temperature 
of 121·C, steam 
environment 
and 15psig. The duration 
of the test is for 96 
hours, with a 48 hour interim readout. 


Pressure 
Temperature 
Humidity 
Bias 
(Biased 
Auto- 
clave): 
This test measures 
the moisture resistance 
of plastic 
encapsulated 
packages. 
It detects 
corrosion 
type 
failure 
mechanism 
due to free and bounded ionic contaminants 
that 


may have entered the package during the manufacturing 
pro- 


cesses, 
or they may be bound in the materials 
of the inte- 


grated circuit packaging system and activated by the moisture 
and the applied 
electric 
fields. Conditions 
are per JEDEC- 


STD-22, 
Method 
102, 
with 
bias 
applied. 
Temperature 
is 
121·C, 
steam 
environment 
and 15psig. 
Duration 
is for 32 
hours, with a 16 hour interim 
readout. 
This test detects the 
same 
type 
of failures 
as the Temperature 
Humidity 
Bias 
(85'C, 
85% RH, with bias) test, only faster. The acceleration 
factor between 
PTHB and THB is between 20 and 40 times, 


depending 
on the type of corrosion 
mechanism, 
electric field 
and packaging 
system. 


Temperature, 
Humidity 
and 
Bias 
(THB): 
This test meas- 
ures the moisture 
resistance 
of plastic 
encapsulated 
pack- 


ages. 
It detects 
corrosion 
type failure 
mechanisms 
due to 
free and bounded ionic contaminants 
that may have entered 
the package during the manufacturing 
processes, orthey may 
be bound in the materials 
of the integrated circuit packaging 
system 
and activated 
by moisture 
and the applied 
electric 
fields. Conditions are per JEDEC-STD-22, 
Method 102 (85'C, 


85% RH), with bias applied. The duration 
is for 1008 hours, 


with 
a 504 
hour 
interim 
readout. 
The 
acceleration 
factor 
between 
THB (85·C, 85% RH and bias) and the 30'C, 
90% 


RH is typically 
40-50 
times, depending 
on the type of cor- 
rosion mechanism, 
electric field and packaging 
system. 


Analysis 
Procedure: 
Devices 
failing to meet the electrical 
criteria after being subjected 
to an accelerated 
environment 
type test are verified and characterized 
electrically, then sub- 
mitted for failure analysis. 


Applications Literature 


The application 
literature 
listed in this section 
has been 
prepared to acquaint the circuits and systems engineer with 
Motorola 
Linear integrated 
circuits and their applications. 


Application 
Note Abstracts 


AN273A 
Getting More Value Out of an 
Integrated Operational Amplifier 
Data Sheet 


The operational 
amplifier 
has become 
a basic 
building 
block in present day solid state electronic 
systems. The pur- 
pose of this application 
note is to provide 
a better 
under- 
standing of the open loop characteristics 
of the amplifier and 
their 
significance 
to 
overall 
circuit 
operation. 
Also 
each 
parameter 
is defined 
and reviewed 
with respect 
to closed 
loop considerations. 
The importance 
of loop gain stability and 
bandwidth 
is discussed 
at length. 
Input offset voltage 
and 
current 
and 
resultant 
drift 
effects 
in the 
circuit 
are 
also 
reviewed 
with respect to closed loop operation. 


AN489 
Analysis and Basic Operation of the 
MC1595 


The MC1595 
monolithic 
linear four-quadrant 
multiplier 
is 
discussed. 
The equations 
for the analysis 
are given along 
with performance 
that is characteristic 
of the device. A few 
basic applications 
are given to assist the designer in system 
design. 


AN513 
A High Gain Integrated Circuit RF-IF 
Amplifier with Wide Range AGC 


This note describes 
the operation 
and application 
of the 
MC1590G, 
a monolithic 
RF-IF amplifier. Included are several 
applications 
for IF amplifiers, 
a mixer, video amplifiers, 
single 
and two-stage 
RF amplifiers. 


AN531 
MC1596 Balanced Modulator 


The MC1596 
monolithic 
circuit is a highly versatile 
com- 
munications 
building block. In this note, both theoretical 
and 
practical information 
are given to aid the designer 
in the use 
of this part. Applications 
include modulators/demodulators 
for 
AM, SSB, and suppressed 
carrier 
AM; frequency 
doublers 
and HFNHF 
double balanced 
mixers. 


AN545A 
Television Video IF Amplifier Using 
Integrated Circuits 


This applications 
note considers 
the requirements 
of the 
video IF amplifier 
section of a television 
receiver, and gives 
working 
circuit 
schematics 
using 
integrated 
circuits 
which 
have been, specifically 
designed for consumer 
oriented prod- 
ucts. The integrated circuits used are the MC1350, MC1352, 
and the MC1330. 


AN587 
Analysis and Design of the Op Amp 
Current Source 


A voltage controlled 
current source utilizing an operational 
amplifier 
is discussed. 
Expressions 
for the transfer 
function 
and output impedances 
are developed 
using both the ideal 
and non-ideal 
op amp models. A section on analysis of the 
effects of op amp parameters 
and temperature 
variations 
on 
circuit performance 
is presented. 


AN703 
Designing Digitally-Controlled 
Power 
Supplies 


This 
application 
note shows 
two design 
approaches; 
a 
basic low voltage supply using an inexpensive 
MC1723 volt- 
age regulator and a high current, 
high voltage, supply using 
the MC1466 
floating 
regulator 
with optoelectronic 
isolation. 
Various circuit options are shown to allow the designer 
max- 


imum flexibility 
in an application. 


AN708A 
Line Driver and Receiver Considerations 


This report discusses 
many line driver and receiver design 
considerations 
such 
as 
system 
description, 
definition 
of 
terms, 
important 
parameter 
measurements, 
design 
proce- 
dures and application 
examples. 
An extensive 
line of devices 
is available 
from Motorola 
to provide 
the designer 
with the 
tools to implement 
the data transmission 
requirements 
nec- 
essary for almost every type of transmission 
system. 


AN727 
Television Horizontal APC/AFC Loops: 
The Last 10 Percent 


A discussion 
of some 
common 
problems 
that 
may 
be 
encountered 
with the design 
of Horizontal 
APC/AFC 
loops 
and methods to avoid or overcome 
them. 


AN778 
Mounting Techniques for Power 
Semiconductors 


For reliable 
operation, 
semiconductors 
must be properly 
mounted. 
Discussed 
are aspects of preparing 
the mounting 
surface, 
using 
thermal 
compounds, 
insuiation 
techniques, 


fastening 
techniques, 
handling 
of leads and pins, and eval- 


uation methods 
for the thermal system. 


AN781A 
Revised Data Interface Standards 


This 
application 
note 
provides 
a brief 
overview 
and 
comparison 
of 
communication 
interface 
standards 
EIA-232-C, 
EIA-422A, 
EIA-423, 
EIA-449 
and EIA-485 
for 
the hardware 
designer. 
A listing 
of the standard's 
specifi- 
cations 
and appropriate 
Motorola 
devices 
are included. 


AN829 
Application of the MC1374 TV Modulator 


The MC1374 was designed 
for use in applications 
where 
separate 
audio and composite 
video signals 
are available, 


which need converting 
to a high quality VHF television signal. 


It's idealy 
suited 
as an output 
device 
for subscription 
TV 
decoders, 
video disk and video tape players. 


AN879 
Monomax - 
Application of the MC13001 
Monochrome Television Integrated 
Circuit 


This application 
note presents 
a complete 
12" black and 
white line-operated 
television 
receiver, 
including 
artwork 
for 
the printed 
circuit 
board. 
It is intended 
to provide 
a good 
starting 
point for the first-time 
user. Some of the most com- 
mon pitfalls are overcome, 
and the significance 
of component 
selections 
and locations 
are discussed. 


AN917 
Reading and Writing in Floppy Disk 
Systems Using Motorola Integrated 
Circuits 


The floppy disk system has become a widely used means 
for storing and retrieving 
both programs 
and data. A floppy 
disk drive requires precision controls to position and load the 
head as well as defined 
read/write 
signals 
in order to be a 
viable system. This application 
note describes 
the use of the 
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MC3469 
and MC3471 
Write Control 
ICs and the MC3470 
Read Amplifier which provide the necessary 
head and erase 
control, timing functions, 
and filtering. 


AN920A 
Theory and Applications of the 
MC34063 and I'A78S40 
Switching 
Regulator Control Circuits 


This paper describes 
in detail the principle of operation 
of 


the MC34063 and JLA78S40 switching regulator subsystems. 
Several converter 
design examples 
and numerous 
applica- 


tions circuits with test data are included. 


AN926 
Techniques for Improving the Settling 
Time of a DAC & Op Amp Combination 


This application 
note describes 
some techniques 
which 
were tested for the purpose of optimizing 
settling time of a 
DAC/op 
amp combination. 
The objective 
of the experimen- 
tation was to obtain a settling time of under 1.0 JLS for 12 bit 
(± 0.012%) accuracy. 
Op amps chosen for this exercise are 
high speed, yet inexpensive 
monolithic 
devices. 


AN932 
Application of the MC1377 
Color Encoder 


The MC1377 is an economical, 
high quality, RGB encoder 
for NTSC or PAL applications. 
It accepts 
red, green, 
blue, 


and 
composite 
sync 
inputs 
and 
delivers 
IVpp composite 
NTSC or PAL video output into a 75 ohm load. It can provide 
its own color oscillator 
and burst gating, or it can be easily 
driven from eldernal sources. 
Performance 
virtually equal to 
high cost studio equipment 
is possible 
with common 
color 
receiver 
components. 
The 
following 
note 
is intended 
to 
explain the operation of the device and guide the prospective 
user in selecting 
the optimum circuit for his needs. 


AN933 
A Variety of Uses for the MC34012 and 
MC34017 Tone Ringers 


The MC34012 
and MC34017 electronic 
tone ringers were 
developed to replace the bulky electromechanical 
bell assem- 


bly of a telephone, 
while providing the same basic function. 


When used in conjunction 
with a piezo ceramic transducer, 


these circuits will output a warbling sound in response to the 
applied ringing voltage. With some imagination, 
however, the 
circuits can be used in a variety of ways, including non-tele- 
phone applications, 
- 
wherever 
an alerting 
sound or indi- 
cation 
is required. 
Applications 
include 
appliance 
buzzers, 


burglar 
alarms, 
safety 
alerting 
functions, 
special 
sound 
effects, visual ringing indicators, 
and others. The circuits 
in 
this application 
note show how a variety 
of effects can be 
obtained. 


AN937 
A Telephone Ringer Which Complies 
with FCC and EIA Impedance Standards 


The MC34012 
and MC34017 
Tone Ringers are designed 
to replace the bUlky bell assembly of a telephone, 
while pro- 
viding the same function and performance 
under a variety of 
conditions. 
The operational 
requirements 
spelled out by the 
FCC and the EIA, simply stated, are that a ringer circuit MUST 
function when a ringing signal is provided, 
and MUST NOT 
ring when other signals 
(speech, 
dialing signals, 
noise) are 
on the line. This application 
note discusses 
how the 
IC's 
operate, the specific operational 
requirements 
to be met, and 
how they 
are met. 
Only 
"on-hook" 
requirements 
are dis- 
cussed since off-hook operation 
is not applicable. 


AN954 
A Unique Converter Configuration 
Provides Step-Up/Down Functions 


The use of switching regulators in new portable equipment 


designs 
is becoming 
more pronounced 
over that of linear 
regulators. This is primarily due to the need for reductions 
in 
size and weight which dictate an ever increasing 
demand for 
higher power conversion efficiency from a battery pack. When 
designing at the board level it sometimes becomes necessary 
to generate 
a constant 
output voltage that is less than that 
of the battery. The step-down circuit will perform this function 
efficiently. 
However, 
as the battery discharges, 
its terminal 
voltage will eventually 
fall below the desired 
output, 
and in 
order to utilize the remaining 
battery energy, the step-up cir- 


cuit will be required. 


AN957 
Interfacing the Speakerphone to the 
MC34010/11/13 
Speech Networks 


Interfacing 
the MC34018 
speakerphone 
circuit 
to the 
MC34010 
series 
of telephone 
circuits 
is described 
in this 
application 
note. 
The 
series 
includes 
the 
MC34010, 


MC34011, 
MC34013, 
and the new "A" version 
of each of 
those. The interface is applicable to existing designs, as well 
as to new designs. 


AN958 
Transmit Gain Adjustments for the 
MC34014 Speech Network 


The 
MC34014 
telephone 
speech 
network 
provides 
for 
direct connection 
to an electret 
microphone 
and to Tip and 
Ring. In between, 
the circuit provides gain, drive capability, 


and determination 
of the ac impedance for compatability 
with 
the telephone 
lines. Since different 
microphones 
have dif- 
ferent sensitivity levels, different gain levels are reqUired from 
the microphone 
to the Tip and Ring lines. This application 
note will discuss how to change the gain level to suit a par- 
ticular 
microphone 
while 
not affecting 
the other 
circuit 
parameters. 


AN959 
A Speakerphone with Receive Idle Mode 


The MC34018 speakerphone 
system operates on the prin- 
ciple of comparing 
the transmit and receive signals to deter- 


mine which 
is stronger, 
and then switching 
the circuit 
into 
that mode. Under conditions where noise from the telephone 
line (in the receive 
path) exceeds the background 
noise in 
the transmit path, the speakerphone 
will switch easily, or even 
lock, into the receive mode. Under these conditions 
the con- 
versation will sound "dead" 
to the party at the far-end. It will 
also be more difficult for the near-end 
party to activate the 
transmit channel since the transmit detection 
is at the output 
of the transmit 
attenuator, 
which will be at maximum 
atten- 
uation during this time. The addition of a receive idle mode 
can alleviate this problem by ensuring 
that the transmit 
and 
receive gains will be approximately 
equal when no voice sig- 
nals are present. This allows the far-end party to hear ambient 
noises, and also increases the sensitivity to transmit signals. 


AN960 
Equalization of DTMF Signals Using 
the MC34014 


This application 
note will describe 
how to obtain equali- 
zation (line length compensation) 
of the DTMF dialing tones 
using the MC34014 
speech 
network. 
While 
the MC34014 
does not have an internal 
dialer, it has the interface 
for a 
dialer so as to provide the means for putting the DTMF tones 
onto the Tip & Ring lines. The Equalization 
amplifier, whose 
gain varies with loop current, was meant primarily to equalize 
the speech signals. 
However, 
by adding one resistor, it can 
be used to equalize the DTMF signals as well. 


AN963 
Interfacing the MC6108 AID to a 
Microprocessor - 
It's Easier Than 
You Think! 


This application 
note will supplement 
information 
in the 
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MC61 08 data sheet by describing 
the detailed requirements 
for interfacing 
the Analog-to-Digital 
converter 
to a micropro- 
cessor. The hardware 
requirements, 
and the programming 
necessary 
to execute 
a conversion 
and read the data, 
in 
several different configurations, 
will be discussed. The micro- 
processor 
used 
in developing 
this 
application 
note is the 
MC6802 (operating 
off a 3.58 MHz crystal), a representative 
sample of the MC6800 family. 
Because 
of the short 
conversion 
time 
of the 
MC61 08, 
"Wait" 
states and "Wait for Interrupt" 
instructions 
are gen- 
erally not needed with most microprocessors. 
The micropro- 
cessor can issue a CONVERT 
instruction, 
and immediately 
thereafter, 
issue a READ instruction, 
regardless 
of whether 
the MC61 08 is read through a port (MC6821), or read off the 
bus directly. 


AN976 
A New High Performance Current Mode 
Controller Teams Up with Current 
Sensing Power MOSFETs 


A new current mode control IC that interfaces directly with 
current 
sensing 
power MOSFETs 
is described. 
Its second 
generation 
architecture 
is shown 
to provide 
a variety 
of 
advantages 
in current mode power supplies. 
The most not- 
able of these 
advantages 
is a "Iossless" 
current 
sensing 
capability 
that is provided 
when used with current 
sensing 
MOSFETs. 
Included in the discussion 
are subtle factors to watch out 
for in practical designs, and an applications 
example. 


AN980 
Low Power FM Dual Conversion 
Receivers MC3362/3/4 


Motorola has recently developed a series of low power FM 
dual conversion 
receivers in monolithic silicon integrated cir- 
cuits. The MC3362/3/4 
series is ideal for application 
in cord- 
less phones, 
narrowband 
voice and data receivers, 
CB and 
amateur 
band radios, RF security devices, 
and other appli- 
cations through 
150 MHz. 


AN983 
A Simplified Power Supply Design Using 
the TL494 Control Circuit 


This describes 
the operation 
and characteristics 
of the 
Tl494 
Switch mode ,. Voltage Regulator and shows its appli- 
cation in a 400-watt 
off-line power supply. 
The Tl494 
is a fixed-frequency 
pulse width 
modulation 
controi 
circuit, 
incorporating 
the 
primary 
building 
blocks 
required for the control of a switching 
power supply. 


AN1002 
A Handsfree Featurephone Design 
Using the MC34114 Speech Network 
and the MC34018 Speakerphone ICs 


This application 
note describes 
the procedure 
for combin- 
ing the MC34114 speech network with the MC34018 speak- 
erphone 
circuit into a featurephone 
which 
includes 
the fol- 
lowing functions: 
ten number memory pulse/tone dialer, tone 
ringer, a "Privacy" 
(Mike Mute) function, and line length com- 
pensation 
for both handset and speakerphone 
operation. 
Three circuits are developed 
in this discussion: 
a line-pow- 


ered featurephone, 
a line-powered 
featurephone 
with a 
booster (for using the speakerphone 
on long lines), and one 
powered from a power supply. The circuits are nearly iden- 
tical, except 
for the Tip/Ring 
interface. 
Their 
performance, 
however, differs noticeably, particularly 
in the low loop current 
range. Initially, the discussion 
will focus on the line-powered 
circuit. 


ANE002 
130 W Ringing Choke Power Supply 
Using TDA4601 


The architecture 
is based on the fly-back mode working in 
a free switching 
mode. Frequency 
range varies between 
20 
kHz at full load and 70 kHz in the standby 
condition 
(also 
called sleep-mode). 
Input power is from the line (220 Vac) 
and is completely 
isolated from the output. Control and reg- 
ulation are achieved 
by the TDA4601. 
The power supply presents a linear foldback characteristic 
and is short circuit proof. An undervoltage 
inhibit prOVides a 
protection 
against low line voltage. 
The complete system is an excellent compromise 
between 
complexity, 
cost and performance. 


AN-HK-07 
A High Performance Manually Tuned 
AM Stereo Receiver for Automotive 
Application Using MOTOROLA ICs 
MC13021, MC13020 and MC13041 


This application 
note presents 
a high performance 
man- 
ually 
tuned 
automotive 
AM 
stereo 
receiver 
design 
using 
MOTOROLA 
AM stereo 
ICs; MC13021, 
MC13020 
and the 
MC13041. 
It is intended 
to provide 
radio design 
engineers 
with a good start in automotive 
AM stereo receiver 
design. 
The note consists of two parts; the first describes 
all relative 
important 
principles of a manually tuned AM stereo receiver, 


and the second 
part details the AM stereo receiver 
design 
for automotive 
application. 


Article 
Reprints 


AR115 


A 
bipolar 
quad 
op 
amp 
having 
a JFET-Iike 
4.5 
MHz 
bandwidth 
resolves common 
mode input voltages and sinks 
output current close to the ground 
rail - 
even with a single 
+ 5.0 V supply. 


Engineering 
Bulletin Abstracts 


EB20 
MUltiplier/Op Amp Circuit Detects True 
RMS 


Two op amps and two multipliers 
are used in the circuit 
described 
in EB20 to obtain the true rms of an input voltage 
ranging from 2.0 to 10 Vpk. 


EB51 
Successive Approximation 
BCD AID 
Converter 


A successive 
approximation 
AID converter 
in which a dig- 
ital-to-analog 
converter 
in a feedback 
loop produces 
a BCD 
digital output from an analog input is described 
in EB51. 


